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1) The following companies and government agencies participated in the

Industry/Government Work Force Survey: g
ARRADCOM 3
PDSS Center ;
Dover, NJ P
CECOM ;

Software Development and Support Center
Ft. Leavenworth, Kansas

CECOM/CENTACS
Software Technology Division
Ft. Monmouth, NJ

Control Data Corp.
40 Avenue at the Common
Shrewsbury, NJ

FATDS
Software Support Greud
Ft. Si11, Oklahoma

e e

General Dynamics

Data Systems Division
P. 0. Box 748

Fort Worth, Texas

i T,

GTE Systems
77 A Street
Needham, MA

i Ty A Y, SR <o ¢

1BM
Federal Systems Division
Oswego, New York

MICOM
Software Support Center
Redstone Arsenal, Alabama
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SofTech
460 Totten Pond Road
Waltham, MA

Sperry Univac
766 Shrewsbury Ave.
Tinton Falls, NJ

TRW
One Space Park
Redondo Beach, CA

The following companies participated in the Industrial Training

Survey:

Control Data Corp.
40 Avenue at the Common
Shrewsbury, NJ

General Dynamics

Data Systems Division
P.0. Box 748

Fort Worth, Texas

GTE Systems

77 A Street
Needham, ma

IBM

Federal Systems Division

0§wego, New York
Singer Kearfott
1150 McBride Avenue
West Paterson, NJ

Sperry Univac
766 Shrewsbury Ave.
Tinton Falls, NJ

TRW

One Space Park
Redonds Beach, CA
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March 1, 1982

Dear Survey Administrator:

The Center for Tactical Computer Systems, U.S. Army Communication-
Electronics Command (CECOM), Fort Monmouth, NJ, is sponsoring a study to
identify effective approaches for the use of Ada in designing and
developing embedded systems software. This effort is part of the Army
Ada Language Program, the first phase of a major software technology R&D
initiative intended to introduce a new and more effective method for
software development and maintenance.

As part of this study, SofTech, Inc., has been awarded a contract
to conduct a survey of the industrial and government work force to
determine generic job categories among embedded systems personnel. The
survey results will be used to assist in the formulation of Ada training
requirements. Your agreement to participate in this survey is vital to
CECOM in establishing Ada training criteria which will accurately reflect
the needs of industry and government.

This packet contains a set of questionnaires for distribution to
your staff. These are designed to gather information about job
categories for embedded systems personnel. We have included some
guidelines for survey distribution which we hope will be helpful. The
surveys have been structured to require approximately thirty minutes of
any respondent's time. Please return the completed surveys to SofTech by
March 26, 1982,

Your participation is a key element in assuring the success of this
survey and we are most appreciative of your efforts on our behalf. CECOM
is committed to transferring the Ada technology in the most efficient and
timely way to the Ads user community. The published results of this
survey will be sent to you as soon as they come available.

Thank you for your time and effort.
Very truly yours,
Joseph Kernan
Chief, Software Technology
Development Division

CENTACS
CECOM

1054-2 822




INDUSTRY/GOVERNMENT WORK FORCE SURVEY

GUIDELINES FOR SURVEY DISTRIBUTION

This survey is intended for personnel involved with embedded
computer system software. The survey should be distributed to as
broad a sample of job titles and responsibilities as possible
within your organization. It is the intent that the results of
this survey are representative of individuals involved with each
phase of the software life cycle (i.e., design, coding,
maintenance, management).

Briefly explain to each manager or to the individual respondent:

- The general purpose of the survey.

The expected completion time of thirty minutes.

The selected procedure for questionnaire return.

Questionnaire return alternatives:

- Individual respondents can mail their completed question-
naires directly to SofTech, Inc. Postpaid Return envelopes

suitable for this alternative will be orovided by SofTech,
Inc.

Survey Administrators can collect respondents' completed
questionnaires and mail to SofTech, Inc., 460 Totten Pond
Road, Waltham, MA 02154.

If you have any questions regarding this survey effort, please
contact:

Karen Sather

Survey Coordinator
SofTech, Inc.
617/890-6900, Ext. 187
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March 5, 1982

Dear Training Survey Raespoudent:

The Center for Tactical Computaer Systems, U.S. Army Cocmunication-
Electronics Command (CECOM), For:t Mcumouth, NJ, is sponsoring a study to
identify effective approaches for the use of Ada in desizning and
developing embedded systems software. This effort is part of the Army
Ada Language Program, the first pnase of a major software cechnblogy R&D
initiative intended to introduce s new and more effective method for
software development and maiatenance.

As part of this study, SofTech, Inc., has been awarded a contract
to conduct a survey which will reflect training methods, training
programs and software development policies of company divisions involved
with embedded computer system software. The persoun(s) completing this
survey should have management level training responsibilities. Your
agreement to participate ia tais survey is importaat o CECOM in
establishing Ada training criteria which will accurately reflect the
needs of industry and governmen:.

Completed surveys should be returnad by March 25, 1982 co

SofTech, Inc.
460 Totren Pound Road
Waltham, MA C2154

1f there are any questions regarding this efforc plesse contact Xaren
Sather at SofTech (617-390-69CC, =x:. 137).

Your participation is a key element in assuring the success of this
survey and we are nosc appreciazive of your efforts onm our behalf. CECOM
is committed co transferring the Ada technology in the most efficient and
timely way to the Ada user community. The pudblished results of this
survey will be sent to you as soon as they are available.

A Thank you for your time and effort.

\

Very truly yours,

Joseph Kerman

Chief, Software Technology
Developnent Division

CENTACS

CECOM
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Ada Workforce Survey Page 1.

Executive Summary

The Ada Workforce Survey was administered as a nonrandom sample to nine
institutions. Because of the method of administration, no statistical gener-
alizations may be made to a general population; the results expressed herein
apply only to the sample.

Various single variable descriptions indicate that the sample is largely
composed of individuals who have been in the workforce for more than ten
years, who generally haven'’t been trained in Ada, who have worked more on de-
velopment than on support, who are more-or-less professional (as defined by
belonging to technical societies, attending conferences and so on), who in
general spend their time programming or designing programs, who have worked on
military or embedded systems (90 percent of the workforce), and who generally
program in FORTRAN or Assembler (or both).

There are few significant relationships between variables in the survey.
Involvement with Ada to a small extent determines knowledge of Ada.

Classification of the workforce based on clustering and smoothing
techniques produces five fundamental categories of worker: administrative
manager, technical manager, support manager, development nonmanager, and sup-
port nonmanager. Comparison of the various variables with these categories

supports the interpretation of the categories.

ino4-2 D-3
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Ada Workforce Survey Page 2.

The Survey and the Population

This report is a descriptive analysis of the Ada Software Design Method

Formulation Industry/Government Work Force Survey, done by Softech inc. under '
the auspices of the U. S. Army Communications-Electronics Command. In order %
te place this report in its proper perspective, the survey procedures are

briefly outlined below.

The sample.--Softech administered the survey as a mailed, key-person sur-
vey. That is, Softech mailed copies of the survey to certain administrators
in each organization and asked that person to distribute the survey within the
organization to people broadly representative of the company. Softech
exercised no control over the internal distribution of questionnaires, relying
totally on the administrator. There was no reliable attempt at random distri-

[ £ I PR T - . . -
tutisn., The-g w33 mo &tirTpl ic welzh

the individuz! gquestionnaires recelved

re

with respect to any sampled population.

The implications of this procedure for the following analysis relate

3 mainly to the applicability of the analysis to a generaj population. A sample j
is a subset of some population, that popuiation being defined without refer- j
ence to the sampling method. In the case of a random sample, the members of :
the population to be sampled are seiected by first knowing some characteristic
by which 311 of the population might be indexed (address, phone, name, whatev-
er). The sample is then selected by some criterion designed to eliminate all

possible infiuences induced by considering a limited number of the population.

Sof tech has apparently defined the population as the subset of the orga-

nization that some administrator in the organization feels can complete the
survey reasonably and have some ''characteristic" qualities making them broadly

rep-esentative of the subsei. Thus the actual population being sampled is de-

1rsas? D=4
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fined differently between organizations and possibly within organizations.
There is no possibility of modeling the sampling prccess, since no records

were kept of the individual assignment decisions.

The result of these procedures is to have an unspecified population. The
consequence is that, although this report states certain results, there is
little statistical assurance that the results may be reliably extended to any
particular population. The statistics are valid for the sample only,

The database.--The sample consists of 428 surveys of 9 organizations,
five in the private sector and four in the public sector. The data is
organized into a relational database consisting of nine types of information
(or datasets): the number in parentheses afier the dataset name is the number
of entities in that dataset.

(1) job history (L26)

title

rank

date

years of involvement in software_
level of involvement with Ada
years worked on development

years worked on support
membership in technical societies
conference attendance

published or presented papers
technical reading

(2) job output (3,541)

(3) principal duties (2,542)

{4) general activities (2,841)
activity
impor tance

(5) conference role (108)

(6) programming languages (2,705)
language

proficiency

{7) methodologies (24,302)
methodology '

10%4-2 D-5
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extent of knowledge
{8) areas of experience (772)

(9) Ada training (189)

This structure reflects the fact that all of the attributes except for the job
history attributes were multiple response questions and hence were at a dif-
ferent level from the survey respondents--that is, a given respondent may have
more than one response to a particular guestion. Appendix 1 contains a com-
plete listing of the datasets, attributes, and possible values for the
attributes.

The structural complexity of the database introduces some problems with
the descriptive statistics in the following sections. Because of the
multiple-response structure of many of the guestions, the counts of reponses
have two interpretations, cne relative tc the tetal! number cof
reponses (''response level') and the other relative to the total number of
respondents ('‘respondent level'). Percentages in the following tables labeled
"Percent of Responses'' are calculated as Count divided by the sum of Count
over all responses. Percentages labeled '"Percert of Respondents' are Count
divided by 428 (the number of respondents in the survey). The first percent-
age is not very interpretable; the second describes the status of a response
relative to the respondents, but will not add up to 100, since a given indivi-

dual may respond with more than one response.

Single-Variable Descriptions

Experience.--The first question to be considered is how many years the
respondent has spent in software development and/or support. The following

table gives the breakdown of the four possigle responses:

10%4-2 06
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Counts Percent |
less than two years 41 9.7
two to five years 101 23.9 i
five to ten years 85 20.1 ]
over ten years 196 46.3

This table indicates that almost half of the people who filled out !
questionnaires had been in the area for over ten years; this will probably 1

have scme effect on knowiedge and job patterns.

Considered together are the two questions on the length of time worked on

development and support. The following two tables break down the questions:

Years Worked on Development

Counts Percent
less than a year 78 20.0
one to three years 78 20.0
three to five years 65 16.7
over five years 169 43.2

Years Worked on Support

Counts Percent

I
!

less than a year 95 33.1

one to three years 73 25.4

three to five years 42 14.6 ;

over five years 77 26.8

The import of these frequencies is not terribly clear without taking into ac-
count the relationships between these two variables. There are four
possibilities--the respondent worked in both support and development, the re-
spondent worked only in support, the respondent worked only in development, or ’
the respondent worked in neither (or didn’t answer the question). Applying

these logical combinations, 274 people worked in both, 116 worked in develop-

ment but not support, 13 people worked in support but not development, and 23

people apparently worked in neither. This result tends to swing the bias to-

10%4-2 D=7




Ada Workforce Survey Page 6.

ward the development people.

The assumption is made that a nonanswer implies not working in that area,
an assumption that might not be justified. It is possible for people who have
done no work in the area to respond in the first category, 0-1 year.

Getting back to the original issue, the separate tables indicate that the
people who worked on development tend to have done so over three years (the
median is three to five). 8ut people who work on support have done sc for
more than one year {(median one to three years). Putting this together with
the distribution of workers, it would seem that the industry stresses develop-
ment and has begun employing support personnel later than development person-
nel,. Another interpretation might be that -.uport personnel have a higher

turnover rate than technical personnel. Without company employment studies,

neither interpretation can be falsified.

Ada involvement.--The next gquestion is atout the level of involvement of

the person with Ada. The following table breaks down the five responses:

l

Counts Percent :

f

Ada not known 16 3.8 ‘
heard of Ada 225 52.9

had orientation to Ada 101 23.8 ‘

1 Ada training 48 11.3 5
other 35 8.2

l

1

This table indicates that only a third or so of the workforce has any re- {

al knowiedge of Ada aside from having heard about it. Onily 11 percent of the

workforce has had Ada training. An implication of this is that Ada training

will have to affect a large portion of the industry; another implication is

that, if Ada training significantly changes the way peopie do their jobs, the
industry will have to change a great deal as use of Ada becomes widespread.

Professionalism.--With respect to technical societies, a third of the

1094-2 D-8




Ada Workforce Survey Page 7.

respondents (142) belong to technical societies and two-thirds of them (276)
do not. With respect to conference attendance, 173 (41 percent) have attended
a conference and 248 (59 percent) have not. Of those who had, 4 had organized
a conference, 10 had been speakers, 91 had been attendees, and ! had taken
some other role. With respect to publishing or presenting papers, 95 (23 per-
cent) have done so, 327 (78 percent) have not. With respect to technical

reading, the following tabie breaks down the possible responses:

Counts Percent
regularly 185 44.0
occasionally _ 187 44.5
only as my job demands 32 7.6
never 14 3.3
other 2 0.5

This table indicates that more than three quarters of all respondents do some
reading of job-related magazines or newsletters. What this means is unclear;
such newsletters might consist of company rags or might be ACM transactions.
There is no information about what type of technical reading is involved,

These last questions seem to be aimed at identifying certain "profession-
al" aspects of the respondent’s job. Given the relative vagueness of the is~
sues addressed, the questions don’t usefully perform this task. Professional-
ism has deeper roots than belonging to societies or going to conferences, or
even presenting papers. |t matters very much which societies, which
conferences, and where the papers are presented or published, among other
things.

Job outputs.--The following table gives the breakdown of the various job
output products, giving the percent of the responses made and the percent of

people giving the response relative to the total sample (428).

1094~2 0-9
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Qutput Count Percent of Percent of
Responses Respondents
hard soft tradeoff eval 125 3.530 29.206
data flow diagrams 197 5.563 4L6.028
test drivers 150 4.236 35.047
code 287 8.105 67.056
prog design language 262 7.399 61.215
requirements specs 223 6.298 52.103
design specs 255 7.201 59.579
test plans 236 6.665 55.140
integration plans 165 L.660 38.551
management plans 99 2.796 23.131
cost data 104 2.937 24.299
analysis reports 111 3.135 25.935
mi lestone charts 173 4L.886 LO.421
status reports 223 6.298 52.103
interview sheets 116 3.276 27.103
correspondence 92 2.598 21.495
development other 14 0.395 3.271
STR analyses 97 2.739 22.664
temp ECPs L6 1.299 10.748
redlined documentation 52 1.469 12.150
suppert test plans 70 1.977 16.355
support test drivers 40 1.130 9.346
tezh advice to CCB 40 1.120 9.346
updated MIL STD spec 20 0.565 L.673
library control 25 0.708 5.841
maintain config procs 32 0.904 7477
updated training manuals 24 0.678 5.607
updated user manuals 71 2.005 16.589
STRs 85 2.400 19.860
automated buiid systems 20 0.565 4.673
management info reports 32 0.904 7.477
version descrip docs 20 0.565 L.673
version audits 11 0.311 2.570
field engineering report 8 0.22¢6 1.869
support other 16 0.452 3.738

The following list of the values presents the values in rank order.

Percent of
Output Respondents
code 67.056
prog_design_Jlanguage 61.215
design_specs £9.579
test_plans 55.140
status_reports 52,103
requirements_specs 52.103
data_flow_diagrams 46.028
milestone_charts LO.h21
integration_plans 38.551

1094-2 D-10
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test_drivers 35.047
hard_soft_tradeoff_eval 29.206
interview_sheets 27.103
analysis_reports 25.935
cost_data 24.299
management_plans 23.131
STR_analyses 22.66L
correspondence 21.495 1
STRs 19.860
updated_user_manuals 16.589 :
support_test_plans 16.355
redlined_documentation 12.150 %
temp_ECPs 10.748 3
support_test_drivers S.346
tech_advice_to_CCB 9.346
management_info_reports 7.477
maintain_config_procs 7.-477
library_control 5.8u41
updated_training_manuals 5.607
automated_build_systems L.673
updated_MIL_STD_spec L.673
version_descrip_docs L.673
support_other 3.738
development_other 3.271
version_audits 2.570
field_enginreering_report 1.869 - 4

This table describes the number of people who do a certain thing, without |
taking into consideration what 21lse they do. Thus, §7 percent of the
respondents produce code, 61 percent produce program design language, 60 per-
cent produce design specifications, and so on. There does seem to be a gener-
al tendency toward those categories directly related to programming in a tech- i
nical sense; as well, people tend to produce development outputs more often
than support outputs. This paints the picture of an industry more oriented
toward producing software than toward supporting software.

The section on classification below will discuss the relationships be-
tween respondents based on combinations of responses--patterns of job
responsibilities and behaviors. These patterns will bs the basis for the job

classification scheme,

As a comment, this question (and the next question on principal duties)
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might have been structured as the later questions were, including some
weighting variable such as how much time is spent on a product or on a duty.
This might give a clearer picture of job structure. On the other hand, explo-
ration of the variation indicates that most of the reasonable conclusions are
robust--not subject to relative extremes in the data. Having infarmation
weighting the responses would probably not affect the results very much.

Principal duties.--The following table tabulates the responses to the

question about what the respondent’s principal duties were:

Duty Count Percent of Percent of
Responses Respondents

conduct req review Sk 3.698 21.963

attend req review . 147 5.783 34.346

system analysis 193 7.592 45,093

design 271 10.661 63.318

conduct design review 151 5.940 35.280

attend design review 196 7.710 45.794

zede 233 S.248 54.507

conduct walkthroughs 108 4.249 25.23%

attend walkthroughs 128 5.035 29.907

formulation of policy L6 1.810 10.748

formulation of strategy 60 2.360 14.019

technical management 118 L.6L2 27.570

program management 31 1,220 7.243 j
configuration management 3! 1.220 7.243

quality assurance 31 1.220 7:243

monitoring contracts 23 0.905 5.374 :
other development 10 0.393 2.336 i
support analysis 101 3.973 23.598 !
support design 86 3,383 20.093

conduct support dr 46 1.810 10.748

attend support dr 74 2.911 17.290 .
code patch ’ 88 3.462 20.5¢1

conduct sup walkthrough 35 1.377 8.178

attend sup walkthrough 52 2.046 12.150

sup technical management  Lb 1.731 10.280

sup policy formulation 17 0.669 3.972

sup program management 13 0.511 3.037

SCCB participation 36 1.416 8.411

sup config management 20 0.787 4.673

sup quality assursnce 25 0.983 5.841

sup monitoring contracts 19 0.747 b.439

other support 13 0.511 3.037
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The following list presents the above values in rank order.

Duty

design

code
attend_design_review
system_analysis
conduct_design_review
attend_req_review
attend_walkthroughs
technical_management
conduct_walkthroughs
support_analysis
conduct_req_review
code_patch
support_design
attend_support_dr
formulation_of_strategy
attend_sup_walkthrough
formulation_of_policy
conduct_support_dr
sup_technical_management
SCCB_participation
cenduct_sup_walkthrough
program_management
configuration_management
quality_assurance
sup_quality_assurance
monitoring_contracts
sup_config_management
sup_monitoring_contracts
sup_policy_formulation
sup_program_management
other_support
other_development

Percent of
Respondents

63.318
54.907
45.794
45.093
35.280
34.346
29.907
27.570
25.234,
23.598
21.963
20.561
20.093
17.290
14.019
12.150
10.748
10.748
10.280
B.411
8.178
7.243
7.243
7.243
5.841
5.374
L.673
4.439
3.972
3.037
3.037
2.336

Page 11.

This table demonstrates the same general tendencies as the table of job

outputs--the largest percentages are the technical programming duties, and

there is a general tendency toward development and away from support,

As

welil, both tables show a relatively low set of percentages for various admin-~

istrative tasks such as correspondence or formulation of policy.

This may in-

dicate that these things aren’t important; more likely, it indicates that the

people who do them are a sma!l administrative cadre, probably higher up in the
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organization than the buik of the respondents. There is no way to verify this
conclusion from the data. Some support for this interpretation comes from the
clustering scheme presented in the classification section below.

Areas of experience.--The question on areas of experience breaks down

according to the following table:

Area Count Percent of Percent of
Responses Respondents
commercial 148 19.171 34.579
military 343 Ly . 430 80.140
embedded computer sys 173 22.409 4L0.421
educational 51 6.606 11.916
statistical 25 3.238 5.841
other 32 L.145 7.477

Not surprisingly for firms doing defense work, most people have done work in
the military arena. Given that Ada applies to embedded computer systems, the
relatively low percentage of peco'e (173, or LO percent of the total) that
have worked on embedded systems might mean that any classification scheme
developed from this sample will not necessarily be appropriate for
organizations doing embedded system work.

However, there is some question of spurious semantic distinction. It
would appear that the term 'embedded computer system" is relatively new and
not well known in the industry as yet. 133 respondents (31 percent) responded
with both military and embedded. 4O (7.3 percent) responded embedded alone;
21C {43.5 percent) responded military alone. There is some indication that
those responding embedded also specify military more often than those who
responding military also specify embedded (77 versus 39 percent, respective-

ly). This might indicate hierarchical knowledge or hierarchical work. Hier-

archica! knowledge means that knowledge of what an embedded system is impiies

knowing that it is mainly military, hence explaining the large overlap in

A i)
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responses; and not knowing implies thinking that the job one does is military,
not embedded, even though it might be so considered by somebody who knew what
an embedded system is, thus explaining the large number of military-only
responses. Hierarchical work, on the other hand, means that people who work
on embedded systems generally are in the military field as well, but those in
the military field are not necessarily or frequently employed in embedded sys-
tem work. The survey data has no information sufficient to distinguish these
explanations.

Ada training.--Looking at the last question to be considered in this sec-
tion, those people who have had.some training in Ada have trained in the fol-
lowing ways:

Percent of

Respondents
Percent of
Responses Percent of
Training Method Count Those Trained

videotape 16 B8.466 3.738 12.030
college_course 7 3.704 1.636 5.263
in_house_course L6 24.339 10.748 34.586
programmed_learning 5 2.646 1.168 3.759
seminar 43 22.751 10.047 32.331
informal_training 51 26.984 11.916 38.346
other 21 11.111 4.907 15.789

Three guarters of the methods people used are in-house courses, seminars, or
informal training. This breakdown might be explained by the other methods not
being widely available yet. As well, L4LO percent of the respondents have had
training of any sort; compare this with the frequencies reported above for
level of involvement with Ada: L8 people (11 percent) report training there.
The following table breaks down the type of training by Ada involvement in an

attempt to resolve this inconsistency:

1N94-2 D-15
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hag orientation to Ada
heard of Aca other
Ada not known Ada training
Ada training

videotape 0 0 3 9 4
college course 0 0 0 6 1
in house course 0 1 15 26 N
programmed learning 0 0 2 3 0
’ seminar 0] 0 28 12 3.
! informal training 0 3 19 15 14
other Q 3 7 6 5

I Apparently, what happened is that people who participated in orientation

: sessions on Ada proceecded to answer the Acda training question as well; the
responses indicate seminars and informal training are the most importan. in
this group. As well, 14 people with "other' involvement said they had infor-
mal training. In the next section, the relationship between years in the in-
dustry and Ada training will be considered. The level of involvement question
is not very specific; the training zussticn is probably a mcre specific ver-

sion of the same thing.

i Two-Variable Comparisons

The first part of this section is devoted to presentation of the parts of the

survey data that associate some measure of knowledge or importance with vari-

j -I—

ous categories., The first is general activites, rated by importance; the sec-
ond is methodologies and concepts rated by knowledge; the third is programming
languages, rated by proficiency., The second part of this section is concerned
with relating some of the various questions to each other. The following con-
tingency tables have chi square statistics significant at the 99 percent levei
uniess stated otherwise,

General activities.--The following table contains counts and percents for

the :“ree importancs categories (primary, secondary, marginal). Percents are
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relative to the respondents (count divided by L28).
total number of responses for the activity.
General Activities by Importance

Secondary Count
Primary Percent

Activity Primary Count Secondary Percent
program management 30 7.009 38 8.879
sales marketing 8 1.869 24 5.607
contract negotiation 5 1.168 19 L.439
formulating policy 27 6.308 32 7.477
formulating strategy 43 10.047 45 10.514
preparing budgets 59 13.785 74 17.290
technical management 121 28.271 47 10.981
interviewing personnel 3L 7.9L4 L9  11.449
preparing schedules 68 15,888 98 22.897
preparing mgmt info rpts 47 10.98! 78 18.224
preparing fid eng rpts 1 0.234 15 5.505
other admin tasks 20 4L.673 53 12.383
tech advice to CCB 33 7.710 50 11.682
maint config procs 20 4.673 L4y 10.280
library control 12 2.804 32 7.477
prep version audits 12 2.80! 15 3.505
guality assurance 25 5.841 36 8.411
prep temp eng change rpt 20 4.673 54 12.617
prep technical rpts 45 10.514 93 21.729
reading tech pubs 655 12.850 14,6 34.112
reviewing tech work 102 23.832 143 33.411
teaching L4 10.280 105 24.533
updating training manual 11 2.570 34 7.944
being trained 42 9.813 83 19.393
func system design 193 45.093 67 15.654
func module design 215 50.234 72 16.822

def global data strucs 137 32.009 100 23.364
def subsystem interface 157 36.682 103 24.065

def stuff for own use 174 40.654 78 18.224
coding 195 45.561 65 15.187
debugging or modifying 204 L47.66L4 61 14.252
prep sys rqt docs 96 22.430 86 20.093
updating MIL STD specs 26 6.075 47 10.981
prep red!ined docs L1 9.579 56 13.084
prep version descr mnls 29 6.776 50 11.682
prep user manuals Li 10.280 108 25.234
documenting code 141 32.944 108 25.234
defining test cases 87 20.327 101 23.598
prep test drivers 58 13.551 94 21.963
prep test plans 99 23.131 99 23.131
hardware testing 23 5.374 L1 9.579
system software test 162 37.850 98 22.897

defining mod test cases 115 26.869 85 19.860
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The last column is the

Marginal Percent

Marginal Count

Total Count

41 9.579 109
Lo 9.346 72
L6 10.748 70
48 11.215 107
56 13.08L L4
61 14.252 194
37 B.6k5 205
90 21.028 173
75 17.823 241
55 12.850 180
26 6.075 42
67 15.654 140
58 13.551 141
67 15.654 131
57 13.318 101
33 7.710 60
62 14.486 123
56 13.084 130
96 22.430 234
124 28.972 325
66 15.421 311
124 28.972 273
80 18.692 125
136 31.776 261
62 14.486 322
Lt 10.280 331
59 13.785 296
58 13.551 318
54 12.617 306
58 13.551 318
56 13.084 321
69 16.121 251
L6 10.748 119
63 14.720 160
85 19.860 164
91 21.262 243
42 9.813 291
65 15.187 253
73 17.056 225
72 16.822 270
79 1B.458 143
53 12.383 313
7% 17.290 274
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sof tware modu'e testing 182 35.514 81 18.92%5 £5 12.850 288
documenting test results 75 17.523 112 26.148 78 18.22L 265 !
prep trouble reports 66 15.4L21 85 19.860 86 20.093 237 o
analyzing trocuble rpts 85 19.860 89 20.7%4 67 15.65L 241

The 2bove va'ves, rankea by the coun: of primary importance, are:

Primary .
Activity Percent
of Recpondents

furc_module_design EG3.23L !

detugging_or_mcdifying  17.664 ,'

cocing L5 551

furc_system_design 45.033

def_stuff_for_own_use L0.654

system_software_test 37.85C 3

def_subsystem_interface  36.£82 ;

software_modila_testing  35.514 H

documenting_code 32.944 '

def_global_data_strucs 22.00¢

technicai_management 28.271

defining_mod_test_cases 2£.869

reviewing_tech_work 23.832

preo_test_plans 23.131

pres_sys_rai_zccs eZ.alit

defining_test_cases 22.327

anaiyzing_troubie_rpts 19.360

documenting_tes:_results 17.5¢3

preparing_schedules 1£.888

prep_irouble_reports 15.421 ,

creparing_budgets 13.785

prep_test_drivers 13.551

reading_tecii_pubs 12.85

preparing_mgnt_info_rpts 19,381 .

prep_technicai_rg=s 10.514

teachirg 10.280

prep_user_manuais 10.280

formulating_strategy 10.047

being_trainzd c.813

prep_red!ined_docs e,.579

interviawing_personne! 7.5ha

tecr_acvice_te _CI3 7.710

program_manazement 7.003

prec_vers.cn_descr_mnls 6.776

formulating_policy §.3C8

updating_MiL_ST0_zpecs 5.075

qualily_assurance 2241

rarduare_testing 5.374 :

prep_t2mp_eng_change_rpt  L.673 ' ]

othar_acmin_tas<s b.673 j

mai=~c_ccntig_srocs L.873 '

pres_vars on_audils 2.38; ;
\

1, 0-28
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library_control 2.804
updating_training_manual 2.570
sales_marketing 1.869
contract_negotiation 1.168
preparing_fld_eng_rpts 0.234

This ranking indicates the importance of the activities to the industry
as a whole, not to the respondents. The scheme presented beiow in the classi-
fication section shows that various subgroups who engage in very different
activities exist; a particular activity may be much more important to one
group than to another. As well, the ranking does not address the conceptual
importance of the activities; contract negotiation isn’t done by very many
people, but it is clearly a vital industry activity.

Methodologies.~--The foﬂlowing table presents the methodologies
crosstabulated with the knowledge of the methodology. The percents are calcu-

lated as percent of the respondents (count divided by 428).

Knowledge of Methodologies

Used Moderately

Percent Percent Used Frequently

Methodology Heard of Know Concept Percent Percent
PSL PLA 48 11.215 88 20.561 15 3.505 0 0.000
SADT 23 5.374 36 8.411 18  4.206 2 0.467
SREM 22 5.140 34 7.S44 4 0.835 1 0.234
HIPO L9 11.449 128 29.907 91 21.262 30 7.009
Jackson Design 34 7.-944 36 8.411 13 3.037 10 2.336
Structured Design 14 3.271 75 17.523 118 27.570 185 43.224
Warnier Orr Design 39 9.112 51 11.916 18 4.206 5 1.168
N S Chapin Chart 38 8.879 4O 9.3u46 17 3.972 6 1.402
Beamson Tables 9 2.103 6 1.402 i 0.234 0 0.000

Program Design language 35 8.178 104 24.299 98 22.897 124 28.972
Structured Programming 7 1.636 53 12.383 103 24.065 261 60.981
Structured Walkthroughs 20 L.673 121 28.271 124 28.972 115 26.869

Top Down Design 6 1.402 54 12.617 121 28.271 238 55.607
Top Mawn Testing 15 3.505 112 26.168 118 27.570 153 35.748
Bottc.n Up Design 18 4.206 170 39.720 109 25.u467 69 16.121
Bachman Diagramming 15  3.505 23 5.374 2 0.467 3 0.701
Entity Diagrams 12 2.804 22 5.140 7 1.636 3 0.701
Data Abstraction 40  9.34L6 77 17.991 45 10.514 27 6.308
other methodology ¢ 0.000 2 0.467 5 1.168 8 1.869
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enumeraticn types
flcating point types
fixed point types

user defined tvpes
pointers

typed pointers

ranges

records

variant records

object type dcls
global variables

local variables

formai actuai params
reserved worcds

blocks

case statements

if then else statements
loop for while until
exit statements
procedures

functions

return statements
clusters modules package
sStubs

goto statements
cemmants

exception handiers
task coroutines

other prog constructs
importing exporting name
c¢ata encapsulation
name scoping

name visibility

static dynamic nesting
iteration

conditional statements
recursion

concurrency

strong tyning

type conversion

data abstraction
generics

loop nvariants
paramater binding
version number

other prog concepts
Ada enumeration types
Ada user defined types
Ada suptypes

Ada derived types

Ada real types

Acda float point types
Ada fixed pi types
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38
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38
123

95
108

30
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95
78

21
61
3k
32
60
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88
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80
57
96
L5
40
48
383
77

28
30
18
17
32
36
3k

15.888
29.907
24.766
25.935
24.766
15.187
24.299
25.234
15.888
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21.9¢3
20.561
18.458
19.860
22.897
23.598
21.729
22.897
28.738
22.196
25.234
18.692
24.533
24.065
31.542
22.196
18.224

0.467

4.907
14.252

7.94k

7.477
14,.019
25.467
20.561
32.243
18.692
13.318
22.430
10.514

9.346
11.215

8.879
17.991

0.234

605‘.2

7.009

L.206

3.872

7.477

8.411

7.944

59
205
246
139
220
104
143
206

93
148
282
289
217
243
209
227
290
274
206
273
270
303
155
145
211

133
115

33
60
60
47
75
222
286
122
82
65
110
59
32
50
L5
136

16
30
18

51
59
61
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Ada record types

Ada rec types discrim
Ada slices

Ada aggregates

Ada allocators

Ada access types

Ada overloading

Ada packages

Ada private types

Ada scope

Ada short circuiting
Ada visibility

Ada tasking

Ada task types

Ada rendezvous

Ada entries

Ada entry families

Ada separate compilation
Ada exceptions

Ada generic prog units
Ada instantiation

Ada elaboration

Ada context spec

Ada information hiding
Ada mutual recursion
cther 2da cocncepts
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.850
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.009
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.075
.710
<748
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<645
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-879
-682
<234

138
75
51
59
64
85
83

109

105

113
L9
93

133

101
92

106
L7

147

116
81
66
L7
59

108
59

0

.243
.523
916
785
-953
.860
-393
-ko7
.533
.402
-L4S
729
.075
-598
-495
766
.981
346
.103
.925

i5.421

.981
-785
+234
-785
.000

7.243
3.271
2.336
2.103
2.570
3.271%
2.103
4.206
3.037
2.804
1.636
3.037
3.271
2.336
2.336
3.037
1.636
5.607
5.140
2.804
1.636
1.402
1.402
2.103
1.636
0.000

45
9
8
8
6

14
£
6

22
5

13

27

10
7

19
6

41

21

ownmErerononun
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10.514 i
2.103
1.869
1.869
1.402
3.271
1.869
2.804
1.402
5.140
1.168
3.037
6.308
2.336
1.636
L.439
1.402
9.579
4.907
1.168
1.402
1.402
0.935
3.271
1.168
0.000

The above table has no valid chi square statistic due to low cell expectancies

for some cells (that is, an unequal distribution of responses makes the chi !

square statistic unreliable).

The list below contains the methodologies !

ranked by the summed percentages of those methodologies used frequently or j

moderately. Each group of methodologies (methodologies, programming con-

s.ructs, programming concepts, and Ada concepts) is separately ranked. i

Methodology
methodologies

Structured Programming
Top Down Design
Structured Design

Top Down Testing
Structured Walikthroughs
Program Design language
Bottom Up Design

HIPO

10942

85.047
83.879
70.794
63.318
55.841
51.869
L1.589
28.271

Percent of
Respondents
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Data Abstraction 16.822
Jackson Design 5.374
Warnier Orr Design 5.374
. N S Chapin Chart 5.374 '
é SADT 4.673
' PSL PLA 3.5058
i other methodology 3.037
| Entity Diagrams 2.336
i Bachman Oiagramming 1.168 ; {
‘ SREM 1.168
Beamson Tables 0.234
programming constructs |
comments 93.692
return statements 89.L86
if then else statements 89.486
functions 88.318
local variables 88.084
global variables 87.850
loop for while until 86.916
procedures 85.981
fixed point types 82.243
goto statements 80.841
fioating point types 77.804 ‘
exit statements 76.565 |
case statements 76.636 ;
reserved words 76.636
pointers 76.168 ,
records 73.364 )
blocks 71.729 ;
formal actual params 69.159
clusters modules package 60.748
object type dcis 59.112 \
user defined types S58.411 i
stubs 57 .944
ranges 57.710
exception handlers 53.271
task coroutines 4L5.093
typed pointers 39.486
variant records 37.617
enumeration types 29.673

programming concepts

conditional statements 87.383

iteration 77.336

recursion 60.748

version number 49.766

type conversion 43.131

concurrency 37.850

static dynamic nesting 31.542 f
strong typing 28.505

10942 0-22
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k
data encapsulation 28.271 ﬂ
data abstraction 24.299 ]
loop invariants 22.897
name scoping 21.963
parameter binding 19.393
name visibility 18.458
generics 16.822 ]
importing exporting name 12.617 i
other prog concepts 1.402 ]
other prog constructs 1.168

atddd

Ada concepts

Ada float point types 22.196
Ada fixed pt types 22.196
Ada real types 16.393
Ada record types 17.757

Ada separate compilation 15,187
Ada user defined types 14.019

Ada enumeration types 10.280

Ada exceptions 10.047

Ada tasking 9.579

Ada subtypes 8.645

Ada scope 7.944

Ada entries 7.477

Ada packages 7.009 §
Ada access types 6.542 |
Ada visibility 6.075 K
Ada derived types 6.075 i
Ada information hiding 5.374 |
Ada rec types discrim 5.374 .
Ada task types 4.673 |
Ada private types 4.439

Ada slices 4.206

Ada overloading 3.972

Ada allocators 3.972

Ada rendezvous 3.972 |
Ada aggregates 3.972

Ada generic prog units 3.972

Ada entry families 3.037

Ada instantiation 3.037

Ada short circuiting 2.804

Ada elaboration 2.804

Ada mutual recursion 2.804

Ada context spec 2.336

other Ada concepts 0.000

The above list describes the order of frequency of use of the methodologies.

Two facts stand out immediately. The first is that programming constructs are

most used. The second is that Ada concepts are least used (preceded by pro-
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gramming concepts). This list presents a picture of a technically knowledge-

; able but theoretically unsophisticated industry. To the extent that Ada is

based on theoretical concepts rather than 'standard" programming construcis.
Ada training will have to involve theoretical training in computer science as :
well as just instruction in the language,

Programming languages.--The following table contains programming

languages crosstabulated with proficiency at the language. The first count

and percent are al) proficiencies; the second count and percent are people who

said they were most proficient at the language; the third count and percent
are people who said they were most proficient or second-most proficient at the
language. The percents are relative to respondents (count divided by 428).

Proficiencies at Programming Languages

Percent Percent
Count Count
Language Al First and Second ;
JOVIAL 89 20.79%4 15 3.505 :
cHs 2 135 31.542 Lk 10.280 |
c 36 8.411 1 0.234 |
FORTRAN 399 93.224 210 49.065 |
coaoL 206 48.131 36 8.411 w
ASSEMBLER 378 88.318 214 50.000
PLI 199 L46.495 42 9.813 1.
PASCAL 208 48.832 77 17.991
BASIC 277 64.720 42 9.813 :
ALGOL 92 21.495 5 1.168
RATFOR WATFOR WATFIV 95 22.196 0 0.000
MOOULA 8 1.869 0 0.000
STMULA 12 2.804 0 0.000
XPL 11 2.570 0 0.000
FORTH 31 7.243 1 0.23
Ada 107 25.000 L 0.935 i
LISP 66 15.421 2 0.u67 ]
SNO30L 75 17.523 0 0.000
ECL 3 0.701 0 0.000
GPSS 62 1L.LBG 3 o0.701 i
SAS 7 1.636 0 0.000
PROTEGE 1 0.23% 1 0.234
APL 112 26.168 13 3.037 *
Other 95 22.196 31 7.243
1096-2 0-24 *
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The following list presents the languages in order of percentage of
respondents who said it was their first or second language (the sixth column

in the above table).

Percent of

Language Respondents
ASSEMBLER 50.000
FORTRAN 49.065
PASCAL 17.991
CMS_2 10.280
BASIC 9.813
PLI 9.813 ¥
coBoL 8.411 d
Other 7.710
JOVIAL 3.505
APL 3.037
ALGOL 1.168
Ada 0.935 i
GPSS n.701 {
LISP 0.467 ;
PROTEGE 0.234 g
c 0.234
FORTH 0.234 A
XPL 0.000 1
SNOBOL 0.000 |
ECL 0.000
SIMULA 0.000 y
SAS 0.000 |
MODULA 0.000 |
RATFOR WATFOR WATFIV  0.000 j

‘.
The above list makes clear the structure of the programming knowledge of l
t

the greatest part of the sample: they are Assembler or FORTRAN programmers. f
Respectively, 50 and L9 percent of the respondents rank Assemblier and FORTRAN
as their first or second language. The next highest language, Pascal, comes
in at 18 percent, not even close. Surprisingly, languages such as PL/| are
rather far down in the list.

Again, this structure is not indicative of strong theoretical knowledge
of computer science but rather of strong practical knowledge. This supports ;
the comments above on methodologies. |t would be unwise to design an Ada : f

1094-2 0-25 ?5
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training program that doesn’t take the current, practical structure of the in-
dustry into account.

Also of interest are the relationships between FORTRAN and ASSEMBLER and
FORTRAN and BASIC. The above table noted that FORTRAN and ASSEMBLER are the
two best known languages; the following table displays the counts of people
who were proficient in ASSEMBLER for each other language at which they were
proficient.

Count
Other Language Percent

FORTRAN 101 49.510
PASCAL 27 13.235
CMS_2 17 8.333
coBoL 15 7.353

PLI 12 5.882
BASIC 10 4.902
Other 10 4.902
APL 5 2.451
JOVIAL 4 1.96!
GPSS 1 0.490
FORTH 1 0.490
ALGOL 1 0.490

This table indicates that people who use ASSEMBLER usually use FORTRAN--50
percent of the people who picked one picked the other as languages in which
they were proficient. Pascal came in next, but wasn'’t close.

The following table gives the counts and percentages of people who ranked
only FORTRAN (without BASIC), only BASIC (without FORTRAN), both together, or

neither, in their choices for first or second proficiency,

Count Percent
FORTRAN only 189 44.3
BASIC only 21 4.9
both 21 k.9
neither 196 L5.9

1094-2 D-26
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From this frequency table, it would appear that BASIC and FORTRAN knowledge
are quite independent; those who use FORTRAN generally don’t use BASIC as
their other language, and those who use BASIC half the time don’t use FORTRAN.
This applies only to languages ranked with first and second proficiency rat-
ings.

Relationships.--The following paragraphs address some topics of interest
relating to relationships between some of the information presented above. |
will consider six such relationships: (1) Ada involvement and knowledge of
Ada concepts; (2) Ada training and knowledge of Ada concepts; (3) various
interrelationships between belonging to technical societies, publishing or
presenting papers, technical reading, and gouing to conferences; (4) areas of
experience and knowledge of concepts; (5) years of experience and programming
languages; and (6) Ada training and years of experience for those who know
Ada.

To study the relationship between involvement with the Ada language and
knowledge of Ada concepts, a measure of knowledge was constructed by summing
the knowledge scores over the Ada concepts and dividing by the number of ele-
ments; this produces an average score of knowledge of Ada concepts for each
respondent. A measure of Ada involvement was constructed by equating '"other"
involvement to "training' so as to make a continuous scale. Knowledge was
regressed on involvement, obtaining the following regression equation:

knowledge = -0,075 + 0.575 * involvement + e
(0.059)
That is, the value of the knowledge measure for a given individual is equal to
the involvement measured multiplied by .575 plus a constant (-.075) plus a

random error. .575 is known as the 'coefficient" for involvement. The coef-
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ficient for involvement was significant at the 99.9 percent level. The re-

gression equation was also significant, since there was only one coefficient.
The coefficient of determination (R squared) was 0.185, indicating that only

19 percent of the variance in knowledge is explained by involvement., This re-

sult indicates that although involvement has some effect on knowledge, that

effect isn’t very large.

A similar approach was taken to the comparison of Ada training techniques

to knowledge of Ada concepts. The same measure of knowledge was used, but in-

stead of regression, analysis of variance was used, Ssince the Ada training
attribute is nominal in scale, not interval. The analysis of variance was not
significant; that is, the variation was too unreliable to enable any
conclusions. This is probably due to the relatively small number of
respondents who have been trained in Ada or who have knowledge of Ada.

Since all of the attributes involving professional activities were nomi-

nal, all of these comparisons were made as contingency tables. None of the

tables had valid chi squire statistics due to either zero marginals or small
cell expectations. Therefore, no conclusions have been drawn as to

relationships between these variables. However, the four-way table below

presents the fregquencies of these attributes for what they are worth. Each of
the tables represents a "slice'' of the four-way table for one combination of

the conference attendance and publishing attributes.

1394.2 D-28
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conference attendance, published or presented:
yes, yes

technical societies

yes no i
technical reading extent
regularly 3
occasionally
only as my job demands
never
other

OO OCoOWwW
OO O~

yes, no

technical societies

yes no
technical reading extent
regularly 31 33
occasionally 10 32
only as my job demands 2 6
never 0 1
other 0 0

no, yes |
technical societies

yes no
technical reading extent
regularly 1
occasionally
only as my job demands
never
other

—

OO0 OwWo
O OWwWO~

no, no

technical societies

Yes no
technical reading extent
regularly 20 35
occasionally 16 99
only as my job demands 2 19 i
never 0 12
other 0 2

There was no significant relationship between areas of experience and

knowledge of concepts, meaning that no conclusions may be drawn statistically

o s Mg A
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about this relationship.

Because years of involvement can be considered scaled, an analysis of
variance was performed with that attribute as the response variable and pro-
gramming language as the factor. The model was not significant, and no
conciusions may be drawn as to the relationship. The following table presents
the counts for the crosstabulation; it has no valid chi square statistic due
to zero marginals.

years of involvement

five to ten years
two to five years

less than two years over ten years

language
JOVIAL 5 12 12 58 87
CMS 2 7 22 26 78 133
c 5 11 5 15 36
FORTRAN 36 91 81 187 395
2636L 12 L% e 105 202
ASSEMBLER 31 83 76 184 374
PLI 11 53 43 88 195
PASCAL 28 6L 37 78 207
BASIC 25 71 [y 128 274
ALGOL 8 20 16 L8 92
RATFOR WATFOR WATFIV 14 27 21 33 95
MODULA ] 3 L 1 8
SIMULA ) 1 6 5 12
XPL 1 4 2 4 11
MMP 0 0 0 0 0
FORTH | 8 6 16 31
Ada 7 26 11 62 106
LISP 9 21 16 20 66
SNOBOL 8 24 19 24 75
ECL 0 0 1 2 3
GPSS 2 12 14 33 61
SAS 0 2 3 2 7
PROTEGE 0 1 0 0 1
PPL 0 0 0 0 0
APL 13 28 26 L5 112
Other 5 19 23 L7 9

228 649 537 1263 2677

The following table combines the lesser-known programming languages into

a residua) category and has a significant chi square statistic.
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vears of involvement

five to ten years
two to five years
less than two years over ten years

language

JOVIAL 5 12 12 58 87
CMS 2 7 22 26 78 133
FORTRAN 36 91 81 187 395
COBOL 12 46 39 105 202
ASSEMBLER 31 83 76 184 374
PLI 11 53 43 88 135
PASCAL 28 64 37 78 207
BASIC 25 71 50 128 274
Other 73 207 173 357 810

228 643 537 1263 2677

Finally, the relationship between Ada training and years of involvement

is presented in the following table. This table has no valid chi square value

due to low cell expectations. !t does show, however, that a large portion of
the people who know Ada are people '~ the industry for over ten years. These
are the people who tend tc know more programming languages as well. The
training doesn’t seem to show any pattern different from the usual pattern for
any group--seminars, in-house courses, and informal training account for most

of the training in all categories.

years of invoivement

five to ten years
two to five years
less than two years over ten years
Ada training

videotape 2 5 0 9 16
college course 0 3 0 L 7
in house course () 14 3 23 L6 i
programmed learning 0 3 o] 2 5 \
seminar 2 9 5 27 b3 ,
informal training 5 11 7 28 51 ‘
other 2 4 5 10 21

17 49 20 103 189
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Classification of the Workforce

Methods.--Before giving the results, the report will summarize briefly

the problems faced in classifying the respondents. The goa) was to induce
some classification scheme based on job outputs, principal duties, and general
activities that reflects a meaningful categorization of the workforce.

The first probiem was that the basic variables were nominal or catego-
rized variables, variables with no inherent ordering between values. This
meant that none of the classification techniques such as discriminant analysis
or metric distance clustering would be appropriate, since they are all based
on metric data.

Second, the data was multiple response. Each of the three questions had
2 differant number cf respeonses. This meant that the fudgment of similarivy
would have to take into account the range of possible values, making the judg-
ment relative to all the possibilities.

Third, the general activities were all rated as to importance. |t would
have been useful to incorporate this information into the judgment of similar-
ity in some way in that it probably w uld have eliminated some of the noise in
the classification. These measures were not used in the following analysis,
however; there is reason to believe that including them would not have made
much difference, The methods used below are not particularly sensitive to
even moderate changes in the measurement of similarity.

Fourth, there are a very large number of response values, 114, to be con-
sidered. The size of the conceptual area to be integrated is well beyond the
capability of the human mind to comprehend. Nobody can look at 114 different

repsonse values and judge differences. There needs to be some method of
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summarizing the information into a smaller conceptual area.

The method chosen involves five steps: (1) expand the data to take into
account all possible responses, not just those actually responded;

(2) calculate a simitarity coefficient based on\pattern matching; (3) cluster
the respondents based on the similarity measure; (4) determine the optimal
number of clusters by taking various cross-sections of Lhe tree and analyzing
them; and (5) use median polishing to produce an interpretation of the optimal
ciuster pattern.

The originai data is in the form of a table where rows are individuals
and cojumns are responses. The values of the table cells are zeros and ones,
a zero indicating the response was not give., a one indicating that it was.
The string of zeros and ones represents the pattern of the individual'’s
reponses.

For a given pair of individuals, the patterns are compared, one column at
a time. |f each has a one, or if each has a 2ero, the individuals are more
simitar. |If the two valucs are different, the individuals are less similar.

Mathematically, the measure of similarity is calculated using the following

table:
1 0O
1 a b
0 ¢ d

"a'" represents the count of positive matches--where both individuals have
ones. 'd" represents the count of negative matches--where both individuals
have zeros. 'b' and ‘¢ are the counts of nonmatches. Similarity is a+d /
(a+b+c+d). That is, similarity is the number of matches divided by the
number of possible matches. Similarity varies between zero and one, where ze-

ro means completely dissimilar, and one means completely similar.

1094-2 0-33
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The similarity program produces a square matrix of similarity
coefficients--each individual compared to each other individual. The matrix
is n by n, where n is the number of individuals. This is similar to a corre-

tation matrix.

The similarity matrix is input to the clustering program. Hierarchical
clustering is a process that starts with all individuals separated and pro-
ceeds to group the individuals into larger and targer clusters, finally
resulting in one large cluster. The diagram produced by the program resembles

a tree. At each leve! of the tree, another individuai is clustered; thus if

there are n individuals, there will be n - | levels in the tree,
vhen a given individual is clustered with another, that cluster becomes
an individual for the purposes of the next clustering. Therefore, the simi-

larity matrix needs to be adjusted; ore individual is removed, and the

similarities between the new individual (the last cluster produced) and all

the other individuals (or clusters) has to be recalculated. The difference 4
between different methods of clustering is based on how to recalculate these

similarities. The technique used below calculates the similarity as the mini-

mum of the similarities between the individuals in the new cluster and the

individuals in the cluster to which the new cluster is being compared.

for example, say you have five individuals. At the third level, | and 5

are together in a cluster, 3 and 4 are together in another cluster, and 2 is
stil! an individual. The new similarity matrix would be a 3 by 3 matrix,
since there are now only three individuals. The similarity of 1 and 5 to 3
and L would be the smallest of the four similarities, 1 to 3, ! to 4, § to 3,

or § to 4. This clustering method is not sensitive to the measurement ievel

of the original data; since the data is composed of zeros and ones in an
unordered secuence, such an insensitive method is more appropriate than other

D24
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methods involving averages or weighted averages of similarities.

Once the cluster tree has been produced, it must be interpreted. The
first problem is to figure out where to cut the tree; that is, to determine
how many disjoint clusters are most appropriate or most meaningful. There is
no generally agreed-upon method for doing this. The next problem is to pro-
duce a meaningful interpretation of the disjoint clusters selected.

g Using the interpretive method discussed below, five clusters were select-
. ed. The following table lists the number of respondents in each cluster; the
list does not sum to 428, since severa! individuals were removed from the
analysis ave to excessive missing values (no job outputs or principal duties

and so forth).

Cluster Counts Percents
cluster 2 Lé 11.7
cluster 169 2.9
cluster § 135 3.2
cluster 38 14 3.6
cluster 57 30 7.6

Since the response structure is so large, it is necessary to summarize
the information in some way. The approach used below is called median
poiishing.

Median polishing begins with a table of values. In this case, the tab'e
is a crosstabulation of cluster versus the several! responses; that is, it is a
5§ by 114 table, 5 clusters, 114 possible responses. The cells of the table
are counts--how many individuals in the cluster responded with the particu'ar
response.

Median polishing is the process of repeatedly substracting the median
values of the rows and columns of the table from the cells of the table. Ffor

example, say there was a 3 by 3 table such as the following:
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a b ¢

x 3 6

y 5 2 1

2 1 9

Ll

The first step is to take the medians of the rows: 3, 2, 2. These numbers

are subtracted from the values in the rows, giving the following table:

row

2 b ¢ med
x 0 3 -1 3
y 3 0-1 2
2 -1 7 0 2

The next step is to repeat this process for the columns; in addition, the me-
dian of the row medians {2 in this case) is subtracted from the row medians

and is placed in the lower right-hand corner of the table.

row

a b ¢ med
X 0 3 -1 1
y 3 0 -1 0 i
z -1 70 ] 'ﬁ
col I
med 0 0 -1 2 L

The process is repeated once more for the rows, this time subtracting the me- !
dian of the column medians from the column medians as well as adding the new
row medians to the oid medians.

row
a b ¢ med

X 0 5 -1 1

y 3 0-1 0

2 -1 7 0 0 |
col

med 0 O -1 2
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» At this point, all the new row medians are zero, so nothing changes. The fi-
:
: nal pass repeats the column median polish.
row
a b ¢ med o
x o 3 -1 1
y 3 0-1 0
2 -1 7 =2 0
col
med 0 O -2 2 i
At this point, little change will happen with additional passes, although

the process may be continued until no change occurs. There are now four
components to the polished table, the row and column medians, the median of

the medians, and the table of left-over values. These are termed, respective-

ly, row and column effects, common effect, and residuais. In the case of the
table used in the classification interpretation, the effects represent expec- v

ted sizes of cells in the table of counts given a simpie additive model,
cell count = common + row + column + residual.

That is, the count in a particular cell (the conjunction of a cluster and a il
particular response) is the sum of the common effect, the cluster effect, the
response effect, pius the residual. For a more detailed explanation of median

polishing, consult the references given in Appendix 3. |

The larger the particular effect, the larger the influence of that clus-

ter or value on the cell value. Thus the row effects indicate the influence
of cluster membership on the expected frequency of picking a particular re-
sponse, and the column effects indicate the influence of a particular response
on the expected frequency of a cluster’s members picking the response. But
the residuals, the table of values left over, provide a much more interesting

thing-~2 measure of unusualness. A cell residual, compared to other cell

e o Dt e ¢ Al o it oo
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cluster2 11.500

clustery L4L6.500

cluster§ ©.000

cluster3g -13.500

clustersy ~7.500

hard soft tradeoff eval 0.000 s

data flow diagrams 13.000 [

test drivers 8.500

Jjo code 15.000 4
prog design language 14.000

requirements specs 19.500

design specs 21.000

test plans 15.000

integration plans 7.500

management plans 7.000

cost data 6.000

analysis reports 3.000

milestone charts 9.000

status reports 14.000

interview sheets 6.000

correspondence =-1.000

deveiopment other -11.500

STR analyses -2.000

temp ECPs -13.500

red’inzd documentation -£.000 :

support test plans -5.000 . ;

support test drivers -10.500 b
Jjo tech advice to CCB -13.500

updated MIL STD spec ~14.500

Jo library control -11.500

maintain config procs -10.500 2

updated training manuals -16}500 i

updated user manuals ~3.000 ]
STRs -4.000 § !
automated build systems -11,500 H
management info reports  -10.500 ;!
version descrip docs -13.500 L
version audits -16.500 }

field engineering report ~-16.500 P
support other ~8.500 |
CONCduCt reg review ~3.500 {
attend req review 8.000

system analysis 16.000 i
design 17.000 ;
conduct design review 8.500 ?
attend design review 8.000 !
pd code 6.000

conduct walkthroughs -1.500

attend walkthroughs 1.000

formulation of policy ~8.000

formulation of strategy ~4.000

pc technical management 6.000
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residuals in a column, indicates the relative unusvalness of the cluster with
respect to the other clusters on the particular response. Thus if one cluster
has a much higher residual for one response than the other clusters, that
cluster has given that response relatively more often; conversely, a high neg-
ative residual means the cluster gave that response less often.,

Given this interpretation of the residuals, it is straightforward to rank
the residuals in each column in ascending and descending order. These ranks
represent the relative unusualness of the cluster with respect to that re-~
sponse, The next step is to collect the instances where the cluster was
ranked 1 or 2 (and possibly 3); this indicates on which responses the cluster
was unusual. There are two groups of ranks for each cluster, positive high
ranks and negative high ranks. These show, respectively, what the clusters do
do unusually and what they don’t do unusally. Thus, the comparison of the
ranks gives a direct interpetation of the patterns of the clusters’ responses.

Applied to the decision about how many clusters to pick, this approach is
tried for several different numbers of clysters, and the best or most inter~
pretable number is chosen. Applied te this final choice, the method gives a
summary interpretation of the patterns of the clusters.

The results.-~Given all that, the following is the final interpretive me-

dian polish for the optimal cluster pattern, which involves five clusters.
The rankings are from 1 to 2; values of 1.5 indicate ties at the first
rank~--the highest or lowest residuals in a given column were the same.

Cluster Structure using All Job Outputs, General
Activities, and Principle Duties

gffects and Typicals after Polishing
effects

common 16.500

1094-2 D-39
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Pd program management
configuration management
pd quality assurance
menitoring contracts
Other deve opment
sipport analysis

Support design

conduct support dr
attend support dr

code patch

conduct sup walkthrough
attend syp walkthrough
Sup technical management
Sup policy formulation
SUp program management
Sccs participation

Sup config management
SUp quality assurance
SUp monitoring contracts
other support

§2 program management
sales marketing
contract negotiation
formulating policy
formulating strategy
Breparing hudqaets

ga technical management
interviewing personnel
Preparing schedules
preparing mgmt info rpts
Preparing fld eng rpts
other admin tasks

g3 tech advice to CCB
maint config procs

g3 library contro}

Prep version audits

92 quality assurance
Prep temp eng change rpt
Prep technical rpts
reading tech pubs
reviewing tech work
teaching

updating training manual
being traired

func system design

func moduie design

def giobal data strucs
def subsystem interface
def stuff for own use
coging

debugging or modifying
Prep sys rqt docs
uocating MIL STD specs

109uL?

~15.500
-12.500
~10.500
~12.500
~10.500
0.000
-2.000
-9.500
-3.000
-2.000
~12.500
-7.000
~11.500
~16.500
~15.500
~13.500
~10.500
~13.500
-10.500
-9.500
-4.000
-2.000
-4.0C0
-2.000
5.000
a.000
15.0Q0
9.000
15.000
10.000
~14.500
6.000
3.000
2.000
-5.500
-8.000
0.000
~2.000
16.000
18.000
18.060
14,.000
0.000
12.000
17.000
15.000
3.000
15.000
11,000
6.000
7.000
17.000
-3.000
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prep redlined docs 5.000

prep version descr mnls 3.000

prep user manuals 6.000

documenting code 2.000

defining test cases 10.000

prep test drivers 3.000

prep test plans 10.000

hardware testing 0.000

system software test 9.000

defining mod test cases 3.000

software module testing 0.000

documenting test resuits 2.000

prep trouble reports 4.000

analyzing trouble rpts 4.000

Residuals after Polishing

test drivers design specs
data flow diagrams prog design language
hard soft tradeoff eval jo code requirements specs test plans

cluster2 7.000 -10.000 ~16.500 -12.000 -14.000 -8.500 -7.000 -9.000
cluster3 ~14.000 18.000 10.500 6(3.000 55.000 26.500 48.000 37.000
clusterb -2.500 14.500 0.000 54L.500 41.500 ...000 5.500 25.500
cluster38 0.000 -15.000 -10.500 ~18.000 ~17.000 -18.500 -24.000 ~17.000
cluster§? 9.000 0.000 1.600 0.000 0©.000 0.500 0.000 0.000

STR analyses
development other temp ECPs

cluster2

cluster3 -46.500

cluster$ 0.000 4.500 0.000 1.500

cluster3s 9.500 4.000 13.500 7.000

clusters? 3.500 -3.000 6.500 0.000
1094-2 0-41
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analysis reports interview sheets
management plans status reports ,
integration plans cost data milestone charts correspondence !
cluster2 -5.500 2.000 0.000 0.000 3.000 0.000 0.000 0.000
cluster3 10.500 -48.000 ~44.000 -29.000 0.000 23.000 -25.000 -30.000
cluster5 0.000 ~13.500 -10.500 -8.500 -4.500 12.500 -10.500 -7.500
cluster38 -9.500 2.000 1.000 1.000 -1.000 -6.000 0.000 10.000 »
cluster5? 6.500 0.000 7.000 10.000 8.000 0.000 0.000 4.000

redlined documentation

support test plans

jo tech advice to CCB R
support test drivers
updated MIL STD spec

-14.500 -21.000 ~-13.500 -19.000 -21.000 -15.500 ~12.500 -13.500
0.000 -13.500 -19.000 -12.000 -29.500 -22.500 -35.500

3.500 0.000 0.000 0.000 :
4.000 9.500 14.500 12.500 l
0.000 6.500 7.500 8.500 ‘




-~ -
Ry
Ada Workforce Survey Page 40. )
updated training manuals automated build systems
maintain config procs STRs version descrip docs
jo library control updated user manuals management info reports

3

cluster2 -15.500 -14.500 -15.500 -20.000 -20.000 -14.500 -16.500 -11.500
clustery =35.500 -34.500 -38.500 -20.000 -5.000 -40.500 -36.500 -39.500 '
cluster5 0.000 0.000 0.000 4.500 3.500 0.000 0.000 0.000 .
cluster38 9.500 10.500 7.500 0.000 5.000 8.500 12.500 12.500
cluster5? 4.500 2.500 3.500 1.000 0.000 3.5800 4.500 6.500

conduct req review conduct design review
field engineering report system analysis
version audits support other attenc req review design
cluster2 =11.500 -11.500 -19.500 ~-1.500 -15.000 -17.000 -20.000 -13.500
: cluster3 -39.500 -40.500 -49.500 ~19.500 3.000 19.000 56.000 7.500
o cluster5 0.000 0.000 0.200 0.000 2.500 3.500 43.500 0.000
cluster38 15.500 13.500 7.500 1.500 =-5.000 -18.200 -20.000 -10.500
clusters? 9.500 8.500 0.500 10.500 0.000 0.000 0.000 0.500
conduct walkthroughs formulation of strategy
pd code formulation of policy pd program management
attend design review attend walkthroughs pd technical management
]

cluster2 -17.000 -18.000 -12.500 ~-17.000 0.000 1.000 4.000 -0.500
ciuster3 24.000 53.8¢C 5,500 S.000 -4,5.000 -42.000 -21.000 -35.500
cluster5 30.500 56.500 0.000 10.800 -4.500 -10.500 -13.500 ©0.000
cluster38 -5.000 -9.000 -1.500 0.000 11.000 7.000 0.000 19.500
cluster57 0.000 0.000 1.500 -3.000 3.000 0.000 4.000 9.500

monitoring contracts support design
pd quality assurance support analysis attend support dr
configuration management other development conduct support dr 1
cluster? -8.500 -11.500 ~11.500 ~15.500 -26.000 -24.000 -16.500 -25.000 1
cluster3 -37.500 -37.500 -39.502 ~51.500 ~-4.000 -14.000 -23.500 -19.000 ]
cluster§ 0.000 0,000 0.000 0,000 5.500 9.500 0.000 6.500

cluster3s 11.500 9.500 12.50¢ 7.500 0.000 0.000 7.500 5.000
clusters? 7.500 3.500 4.500 2,500 2.000 2.000 4.500 0.000

attend sup walkthrough sup program management
conduct sup walkthrough sup policy formulation sup config management !
code patch sup technical management SCCB participation |

cluster2 =25.000 ~14.500 -2!1.000 -12.500 -10.500 -8.500 -13.500 -16.500 i
cluster3 -17.000 -24.500 -22.000 -30.500 -37.500 -44.500 -27.500 -43.500
cluster5 16.500 0.000 1.500 0.000 0.000 0.000 0.000 0.000
clusterls 0.000 9.500 3.000 14.500 19.500 16.500 16.500 10.500
cluster5? 0.000 §.500 C.000 7.500 8.500 6.500 8.500 2.500

1094-2 0-42
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other support contract negotiation
sSup monitoring contracts sales marketing =~ formulating strategy
sup quality assurance ga program management formulating policy

cluster? ~-14.500 -17.500 -17.500 10.000 0.000 3.000 14.000 10.000 '
cluster3 -33.500 -43.500 ~-48.500 -16.000 -44.000 -35.000 -24.000 -12.000 E
cluster$ 0.000 0.000 0.000 -2.500 -7.500 -8.500 ~7.500 -11.500
cluster3§ 13.500 10.500 $.500 11.060 6.000 7.000 8.000 4.000 !
cluster5? 6.500 1.500 0.5060 0.000 1.000 0.000 0.000 0.000

preparing mgmt info rpts

interviewing personnel ga tech advice to CCB
ga technical management preparing fld eng rpts
preparing budgets preparing schedules other admin tasks
cluster2 8.000 2.000 6.000 2.000 2.000 -0.500 0.000 5.000
cluster3 14,.000 14.000 0.000 47.000 8.000 -24.500 1.000 5.000
cluster5 -1.500 -12.500 -6.500 -7.500 -7.500 0.000 -11.500 =-7.500

cluster38 0.000 -6.000 1.000 -5.00C 0.000 13.50C 4.000 0.000
cluster57 -3.000 0.000 =-3.000 C.000 =-2.Q000 §.500 -9.000 -4.000

prep version audits prep technical! rpts
ga library contro! prep temp eng change rpt reviewing tech work
maint config procs ga quality assurance reading tech pubs
cluster? 2.000 6.500 C€.000 3.000 0.000 0.CC0 ©.000 0.000
clustery 7.000 -6.500 -26.000 0.000 16.000 30.000 71.000 §£8.000
cluster} ~5.500 0.000 -6.500 -4.500 -0.500 5.500 37.500 27.500

cluster3§ 0.000 7.500 7.000 2.000 1.000 -8.000 -8.000 -7.000
cluster57 -8.000 -~2.500 2.000 -46.000 -3.000 -8.000 -5.000 -5.000

func system design def subsystem interface
updating training manua) func module design def stuff for own use
teaching being trained def global data strucs

cluster2 0.000 4.000 0.000 0.000 0.000 0.000 0.000 0.000
clustery 56.000 0.000 50.000 79.000 85.000 77.000 84.000 83.000
clusters 19.500 1.500 27.500 42.500 54.500 4LO.500 47.500 54.500
cluster3g8 -8.000 -1.000 -5.000 -14.000 -15.000 -15.000 -18.000 -13.000
cluster57 -3.000 -5.000 -10.000 -5.000 -L.000 ~4.000 -7.000 ~-§.000

ﬁ updating MIL STD specs prep user manuals
debugging or modifying prep redlined docs documenting code
coding prep sys rqt docs prep version descr mnls

cluster2 0.000 0.000 0.000 -1.000 0.000 0.000 0.000 0.000

cluster3 8§8.000 83.000 57.000 12.000 25.000 23.000 60.000 88.000 !
cluster5 77.500 78.500 3.500 -1.500 3.500 14.500 40.500 70.500 !
cluster3ig8 -9.000 -10.000 -17.000 0.000 -8.000 =-4.000 -8.000 =-5.,000 ‘
clusters? 0.000 -3.000 -6.000 ©0.000 -8.000 -8.000 -8.000 -2.000 i
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documenting test results

prep test plans defining mod test cases '

prep test drivers system software test ‘

defining test cases hardware testing sof tware module testing ,
cluster2 0.000 0.000 0.000 -5.000 0.000 C¢.000 0.000 0.000

cluster 72.000 72.000 79.C00 26.C00 BR.OOO 89.000 95.000 385.000
cluster5 19.500 17.500 30.5C0 1.500 60.50C 47.500 66.500 45.500
cluster38 -11.000 -6.000 -12.000 -3.C00 -11.000 -6.000 -3.000 -3.000
¢cluster5? -6.000 0.000 -8.000 o0.00C -2.000 -1.000 0.000 -1.000

analyzing trouble rpts
prep trouble reports

: cluster?2 0.000 0.000
' clustery3 73.000 71.000
; clusters 31.500 31.500
; cluster 38 -5.000 -6.000

cluster5y -7.000 ~3.000
Categories with High Positive Categories with High Negative
Residuals in Rank Order Residyals in Rank Crder
Cluster 2
updating training manuai 1.0C0 haravare itesting 1.850
L ga quality assurance 1.000 test drivers 1.000 '
H formulating policy 1.000 zttend design review 1.000 j
interviewing personnel 1.000 conduct design review 1.000
formulating strategy 1.000 attend walkthroughs 1.000
ga tech advice to (C(B 1.500 attend req review 1.000 !
management plans 1.500 support analysis 1.000
pd technical management 1.500 support design 1.000
contract negotiation 2.000 STRs 1.000
formulation of strategy 2.000 support test plans 1,000 ty
preparing budgets 2.000 code patch 1.000 i
ga technical management 2.000 STR analyses 1.000 !
interview sheets 2.000 attend support dr 1.000 ;
preparing schedules 2.000 conduct walkthroughs 1.000 ,ﬁ
preparing mgmt info rpts 2.000 pd code 1.000 :
milastone charts 2.000 temp ECPs 1.500
maint config procs 2.000 redlined documentation 1.500
ga library ccntrol 2.000 updated user manuals 1.500
ga program management 2.000 cesign 1.500
rard soft tradeoff eval 2.000 updated MIL STD spec 2.000
jo library control 2.000
automated build systems 2.000
integration plans 2.000
test plans 2.000
version audits 2.000
field engineering report  2.000 '
support o%her 2.000 !
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data flow diagrams
test drivers

Jjo code

prog design language
requirements specs
design specs

test plans

integration plans
status reports

attend req review
system analysis

design

conduct design review
prep redlined docs
updating MIL STD specs
conduct walkthroughs
debugging or modifying
preparing budgets

ga tachnica! management

1094-2

Cluster 3

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1,000
1.0C0
1.000
1.000
1.000

design specs
requirements specs
development other

prog design language

Jjo code

jo tech advice to CCB
support test drivers
system analysis

pd program management
configuration management
Pd quality assurance
monitoring contracts
other development
version descrip docs
management info reports
conduct support dr
updated training manuals
maintain config procs
conduct sup walkthrough
attend sup walkthrough
sup tetinical management
sup policy formulation
SUp program management
SCCB participation

sup config management
sup quality assurance
SUp monitoring contracts
other support

preparing fld eng rpts
updating MIL STD specs
data flow diagrams

hard soft tradeoff eval
management plans

cost data

analysis reports
interview sheets
correspondence
development other

ga program management
other support

SUp monitoring contracts
support test drivers

Jo tech advice to CCB
updated MIL STD spec

Jjo library control
maintain config procs
updated training manuals
attend sup walkthrough
conduct sup walkthrough
automated build systems

D-45

2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.00C
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
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preoaring sc-edules
preparing mgmt info rpts
func module design

func syctem cesign
maint config procs

pPrep temp erg change rpt
Prep technical rpts
reading tech pubs
reviewing tech work
teaching

being trained
documenting test resylts
software moduie tasting
def global data strucs
def subsystem interface
def stuff for own use
coding

Prep test drivers

prep user manuals
documenting code

prep sys rqt docs

prep version descr mnls
cdefining test cases
prep test plans
hardware testing

svalem 3cftwzra tagse
defining mod test cases
prep trouble reports
analyzing trouble rpts
ga tech advice to CCB
pd code

attend design review
attend walkthroughs
other admin tasks

attend design review
attend waikihroughs
sSUppPery analysis
support design
attend supnort dr
updated user manuals
STR analyses

pd ccae

code patzh

$Zatus rezcrts

test plans

design specs

prog desigr ‘anguage

1042
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1.000 management info raports
1.0¢¢ version descrip docs
1.000 version aucdits
1.000 field engineering report
1.000 SUDPOr!t other
1.000 corduct reg review
1.002 formulation of policy
1.0C0 formulation of strategy
1.000 %d technical management
1.000 pd program management
1.000 configuration management
1.0C0 pC quality azsyrance
1.000 moritaring contracts
1.000 other cdevelopmen:
1.C00 sales marketing
1.000 SuD quali‘y assurance
1.000 Sup techtnical management
1.000 SCC8 participation
1.000 Sup program management
1.000 sup poiicy formulation
1.000 conduct support dr
1.000 sup corfig management
1.000 prep version audits
1.000 ga library con:iro!
1.000 preparing fid ang rpts
L 000 ST el Ny Szl
1,000 formulating poiicy
1.000 contract negotiation
1.000 rediined Jocumentation
1.500 temp ECPs
2.0090 updated user manuals
2.000 support analysis
2.000 suppor: test pians
<.009 support des.gn

at.snd suppor: dr

ccde patch

STRs

Cluster 5

1.000 updating MIL STD specs
1.C00 Ga technical management
1.000 interviewing personnel
1.000 preparing schedules
1.000 other admin tasks
1.000 milestone charts
1.008 g9a tech advice to CCB
1.600 preparing mgmt info rpts
1.000 interview sheets
2.000 anaiysis reports
2.000 cost data
2.00% manzgement plans
<.000 cont-act negotiatien

D-a4

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.600
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
:.000
1.500
1.500
1.500
2.000
2.000
2.000
2.000
2.000
2.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
2.000
2.000
2.000
2.000
<.000
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Jjo code 2.0C0 formulating policy 2.000
data flow diagrams 2.060 formulating strategy 2.000
redlined cocumentation 2.000 preparing budgets 2.000
attend sup walkthrough 2.000 sales marketing 2.000
system analysis 2.000 ga program management 2.000
attend req review 2.000 pd technical management 2.000
STRs 2.009 formulation of strategy 2.000
support test plans 2.000 formulation of policy 2.000
design 2.000 correspondence 2.000
prep technical rpts 2.000 maint config procs 2.000
reading tech pubs 2.000 prep version audits 2.000
reviewing tech work 2.000 ga quality assurance 2.000
teaching 2.000 prep temp eng change rpt 2.000
updating training manual 2.000 hard soft tradeoff eval 2.000
being trained 2.000
func system design 2.000
func module design 2.000
cdef global data strucs 2.000
def subsystem interface 2.000
def stuff for own use 2.000
coding 2.000
debugging or modifying 2.000
prep sys rqt docs 2.000
prep redlined docs 2.000
prep version descr mnls 2.000
prep user manuals 2.000
documenting code 2.000
defining test cases 2.000
prep test drivers 2.000
prep test plans 2.000
hardware testing 2.000
system software test 2.000
defining mod test cases 2.000
software module testing 2.000
documenting test results 2.000
prep trouble reports 2.000
analyzing trouble rpts 2.000
Cluster 38
contract negotiation 1.000 data flow diagrams 1.000
sales marketing 1.000 documenting test results 1.000
prep version audits 1.000 Jjo code 1,000
ga library control 1.000 prog design language 1.000
correspondence 1.000 requirements specs 1.000
development other 1.000 design specs 1.000
other admin tasks 1.000 test plans 1.000
temp ECPs 1.000 integration plans 1.000
redlined documentation 1.000 documenting code 1.000
support test plans 1.000 status reports 1.000
support test drivers 1.000 debugging or modifying 1.000
Jo tech advice to CCB 1.000 reading tech pubs 1.000
uodated MIL STD spec 1.000 def stuff for own use 1.000
10%94-2 D~47
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io library contro!
maintain config procs
uddated training manuals
$TRs

automated buiid systems
management ‘nfo reports
version descrip docs
version audits

fiels engineering report
support other

Freparing fid eng rpts
formylation of policy
formulatien of strategy
pd program management
configuration management
pd quality assurance
monitoring contracts
other develicpment
conduct support dr

sup poiicy formulation
conduct sup walkthrough
attend sup walkthrough
sup technical management
SUp program management
SCCR participation

S4p coniig management
sup quality assurance
sup moritoring contracts
other support

g3 program management
management plans

attend support dr

cost data

formulating policy
formulating strategy
interviewing personnel
conduct req review

STR analyses

interview sheets
analysis reports

63 guality assurance
prep temp eng change rpt

cost data

milestone charts
analysis reports

hard soft tradeoff eval
conduct req review

pe technical management
reguirements spacs
fnterview sneats

1709422

1.020 def subsysiem interface
1.000 cef globai cata sirucs
1.000 ‘unc mocu'e aesign
1.000 func system cesign
1.000 teaching
1.000 reviewing tecr work
1.000 svster ana'lvsis
1.C00 coding
1.0Co analyzing <routle rpts
1.000 prep sys rat aocs
1.00 prep test drivers
L.c00 software module testing
1.000 cefining mod test cases
1.C00 svstem scftware test
1.000 prep test pizns
i .000 defining test cases
1.00C prep user manuals
1.000 aesign
1.000 prep technical rpts
1.000 prep reclined docs
1.00C updating training manual
1.000 Ga technical management
1.000 attend decign review
1.000 milestone charts
1.000 hardware testing
1,000 2.ieng rag rev ew
1.C0C conduct design review
1.000 prep version descr mnls
1.000 pd code
1.000 concuct walkthroughs
1.500 being trained
2.CCO test drivers
2.00¢C prep trouble reports
2.90C preparing schedules
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000

Cluster 57
1.000 prep version descr mnls
1.00¢ prep trouble reports
1.000 preparing budgets
1.000 prep tempg eng change rpt
1.000 g3 guality assurance
1.500 being trained
2.000 updating training manual
2.000 maint config procs

D-48

1.000
1.000
1.000
1.000
1.000
1.000
.C00
.000
.C00
.000
.Q0¢
.000
.000
.0C0
.CCO
.0C0
+500
.500
.500
.500
.000
.000
.000
.000
.0C0
230
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000

NS RS RS R me 0o s be o s b s e e e e s es
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1.000
1.000
1.000
1,000
1.000
1.000
1.000
1.000
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correspondence
development other

temp ECPs

support test drivers

Jjo tech advice to CCB
updated MiL STD spec

jo library controtl
maintain config procs
updated training manuals
updated user manuals
automated build systems
management info reports
version descrip docs
version audits

field engineering report
test drivers

integration plans
conduct design review
conduct walkthroughs
formulation of policy
support other

od prcgram management
configuration management
pd quality assurance
monitering contracts
other development
support analysis

support design

conduct support dr
conduct sup walkthrough
sup technical management
sup policy formulation
sup program management
SCCB participation

sup config management
sup quality assurance
sup monitoring contracts
other support

sales marketing
preparing fid eng rpts
prep version audits

I

2.000
2.000
2.000
2.000
2.000
2.000
2.000
<.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000

prep technical rpts
prep user manuals

prep redlined docs

STR analyses
interviewing personnel
func module design

ga library control

ga tech advice to CCB
other admin tasks
preparing mgmt info rpts
reading tech pubs

def global data strucs
def subsystem interface
def stuff for own use
debugging or modifying
prep sys rqt docs

func system design
teaching

reviewing tech work
documenting code
definirg test cases
prep test plans

system software test
dafining mod test cases
documenting test results
attend walkthroughs
analyzing trouble rpts

1.500
1.500
1.500
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000

These results suggest at least two fundamental distinctions--

management/nonmanagement and development/support/administration.

The

pretation of these results indicates that cluster 2 is administrative

Page 47.

inter- !

managers, cluster 3 is developmentally oriented nonmanagement, cluster 5 is

support-oriented nonmanagement, cluster 38 is support-oriented management, and
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cluster 57 is technical maracement. There is some overlap between clusters in

terms of managament or aoministrative functions; in particular, developments!
nonmanagers seem to rate moderately highly on certain management functions.
Part of that sort of job probably involves preject management activities. The
number of individuals assigned to each of the clusters supports this
characterization; clusters 3 and 5 contain a little over three-gquarters of the
sarple.

The particular criteria for assigning individuals to jobs may te derived
by applying the first ranked values, positive and negative, to a given
individual’s job description, It is not clear that such job descriptions
should be rigerously limited to the disjoint categories defined by the ranked
values. |t would be more apsropriate to develop a match point score based on
the job description that would score the pattern of the job against the cate-
gories. Thus a given job des¢ription might share attributes of several cate-
gories (for example, a technical manager who formulates policy and interviews
personnel. But it would be ciassified as technical manager.

Cne of the impiications of the optimality judgment on the number of
clusters is that there are no viable subclusters distinguishabie in the data.
That is, the five categories developed here cannot be subdivided further due
to the leve! of variation among the respondents. This might have to do with
the nature of the sampling technique~-respondents may not successfully repre-
sent the rez! distribution of job outputs, principal duties, and general
activities. A better explanation is that the categories, particularly those
of job output and principal duties, represent rather noisy duplication; that
is, the 'arge number of different responses contain redundancies that serve to
obscure the me-2 important responses. Removing certain of the responses might
oroduce detter clusters, but the orocess would be very involved. Twe

’~ -~ o
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clusters--support and development nonmanagement--will be analyzed further be-

low.

Characterization of clusters.--In the rest of this section, some

characterizations of the sampie in its clusters will be presented. 1In partic-
ular, characterizations of invelvement with Ada, professional characteristics,
years of involvement, years worked in support and development, language knowl-
edge, and methodology knowledge will be presented.

With respect to involvement with Ada, the following table crosstabulates
the clusters with the various types of involvement. This table has no valid
chi sguare statistic due to low cell expectations.

Ada involvement
had orientation to Ada

heard of Ada other
Ada not known Ada training

cluster2 0 23 15 5 3
cluster3 4 91 34 24 14
clusterd 8 79 28 12 8
cluster3g 0 3 ] 1 1
clusters5? 0 12 8 3 7

Although no confidence may be put in the result, there is some indication
that most of the people who know Ada are technical managers or workers or sup-
port workers. The distribution among these clusters is relatively even, with
some trend toward the technical people.

The following table presents the clusters versus conference attendance.

conference attendance

yes no
cluster2 29 16
cluster3 61 105
cluster$§ 40 94
cluster3g 11 3
cluster5? 14 16

1054-2 0-51
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This table indicates that managers tend to go to conferences more often than
nonmanagers, but that nonmanagers go to as many conferences.

The following table presents a crosstabulation of publishing or presenta-
tion of papers versus the clusters.

published or presented

yes no
cluster?2 18 27 L5
cluster3 32 134 166
clusters 22 113 135
cluster38 6 8 14
cluster57 9 21 30
87 303 390

This table indicates that managers tend to publish more often.

The following table presents a crosstabulation of technical reading ver-
sus the clusters: the table has no valid chi square statistic due to low cell
expectations.

technical reading extent

only as my job demands
occasionally

regularly never other
cluster? 23 16 1 o] 0 45
cluster3 68 78 13 5 1 165
clusterb 51 60 16 7 1 135
cluster3§ 7 6 1 0 0 14
clusters? 17 12 o 0 0 29
171 172 31 12 2 388

This table ndicates that no manager wil! admit to not doing any technical
reading bSut that some workers do. Management tends to read more regularly as
wel!l,

“ne fnllowing table presents a crosstabulation of technical society mem-

wership versus cluszer; the chi square statistic is significant at the 95 per-
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technical societies

yes no
cluster2 18 25 L
cluster3 55 110 165
clusters 35 99 134
cluster38 6 8 14
clusters5? 15 14 28

130 256 386

According to this table, there isn’t much difference between clusters in mem-
bership in technical societies. Support oriented workers might tend to belong
a bit less than other employees.

The following table presents a crosstabulation of years of involvement
versus cluster. This table has no valid ¢chi square statistic due to small
cell expectations.

years of involvement
five to ten years

two to five years
less than two years over ten years

cluster2 0 2 6 38 L6
cluster} 13 L7 34 73 167
clusters 24 N 24 39 133
cluster38 2 0 2 10 14
cluster5y 0 1 3 26 30

39 96 69 186 390

Although not conclusive, this table indicates that managers tend to be experi-
enced people while nonmanagers are less £o; still, most people tend to be very
experienced.

The following tables crosstabulate years worked in development and sup-
port; the support table has no valid chi square statistic due to small cell

expectations.

11947 n-53
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years worked development

three to five years
one to three years
less than a3 year over five years

cluster2 2 3 5 35 45
cluster3d 26 35 37 62 160
ciuster$§ 36 35 17 33 121
cluster3§ 4 o] 0 1c 14
clusters? 2 1 3 21 28

71 74 62 161 368

years worked support

three to five years
one to three years
less than a year over five years

cluster2 7 3 2 14 26
clusterl 31 32 26 35 124
cluster5 Li 26 8 12 90
cluster38 2 2 0 [ 10
cluster57 b N 5 6 9

88 67 41 73 269

Respondents seem fairly well distributed aside from a large lump from cluster :

5 being inexperienced in support. The interrelationships between these

attributes mentioned in the section on single variables (that is, the various ;;
combinations of support and development experience) probably obscure any in-
teresting trends here, Again, the largest fact is that most people, whether
in support or development, have more or less extensive development experience
and relatively little support experience. This fact is due mainly to an ap- l
parent industry concentration on development at the expense of support.

The following table lists the programming languages known versus the %
clusters; it has no significant chi square statistic due to zero marginals. i
The table following integrates the lesser-known languages; that table has a

chi square value significant only at the 20 percent level.

im S-34
13562 w=2
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administrative_manager
development_nonmanager
suppor t_nonmanager
support_manager
technical_manager

administrative_manager
development_nonmanager
support_nonmanager
support_manager
technical_manager

administrative_manager
develozment nenmanager
support_nonmanager
support_manager
technical_manager

administrative_manager
development_nonmanager
support_nonmanager
Support_manager
technical_manager

administrative_manager
development_nonmanager
support_nonmanager
support_manager
technica!_manager

WeN=2

JOVIAL

17
30
21
5
8
81

PASCAL

22
85
62
3
19
191

MMP

[l e Nal oo Nal

SAS

NOOF —N

JOVIAL

17
30
21
5
8
81

CMS_2

17
53
38
3
13
129

BASIC
31
105
83
252

FORTH

[
DO =i

28

~ 00—~ 0O0

CMS_2

17
53
38

13
129

Page §3,
language
ASSEMBLER
C  FORTRAN COBOL PLI
5 L6 21 Ly 23
16 155 89 154 77
8 124 59 112 67
0 13 5 12 6
L 28 15 28 14
33 366 189 350 187
RATFOR_WATFOR_WATF |V
ALGOL MODULA SIMULA  XPL
15 9 0 1 2
36 43 3 & 5
23 31 2 2 2
3 2 0 o] o]
9 5 1 2 1
6o 90 6 9 10
Ada  LISP SNOBOL ECL  GPSS
14 7 7 1 12
Ly 32 3 1 19
29 18 23 1 18
N 1 2 4] 1
13 5 8 0 5
101 63 71 3 55
PROTEGE PPL APL  Other
(} 12 L 31y
0 L2 L3 1074
0 38 26 803
0 1 5 80
0 9 12 229
0 102 90 2500
language
ASSEMBLER
FORTRAN cOBOL PLI PASCAL
L6 21 Lb 23 22
155 89 154 77 85
124 59 112 67 62
13 5 12 6 3
28 15 28 14 19
366 189 350 187 191
0=55
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BASIC Other
administrative_manager 31 93 314
development_nonmanager 105 326 1074
suppor t_nonmanager 83 237 803
support_manager 9 19 g0
technical_manager 24 80 229

252 755 2500

This table indicates, perhaps, a tendency for management o khow more
about programming languages than workers, but the rankings are about the same
for all clusters. The tendency of managers to pe more experienced than work-

ers may explain this greater knowledge.

Since there are a large number of methodologies, a straightforward pre-
sentation of counts would not be very informative. Instead, the median pol-
ish and ranking of residuals is repeated for methodologies to see how the var-
jous clusters are unusual both positively and negatively.

Median Polish of Methodologies against Five Clusters

Effects and Typicals after Polishing

effects
common 313,250
|
cluster? 0.000
clustery 71.500
cluster$ 31.000
clusterl8 ~-24.500
clusters? ~-14.500
PSL PLA -10.250
SADT -15.250
SREM -21.250
HIPO §.750
Jackson Qasign -15.250 .
Structured Design 11.750
Warnier Orr Design -14.250 :
N S Chaoin Chart -12.250 |
B8eamson Tables -29.250
Program Cesign language 8.250
Structured Programming 12.750
Structured Wa'lthroughs 10.750
Teo Tewn lesigr 12.75¢C

L)
|
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N
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Top Down Testing
Bottom Up Design
Bachman Diagramming
Entity Diagrams

Data Abstraction
other methodology
enumeration types
floating point types
fixed point types
user defined types
pointers

typed pointers
records

ranges

variant records
object type dcls
global variables
local variables
formal actual params
reserved words

blocks

case statements

if then eise statements
loop for while until
exit statements
vrocedures

functions

return statements
clusters modules package
stubs

qoto statements
comments

exception handlers
task coroutines

other prog constructs
importing exporting name
data encapsulation
name scoping

name visibility
static dynamic nesting
iteration

conditional statements
recursion

concurrency

strong typing

type conversion

data abstraction
generics

loop invariants
parameter binding
version number

other prog concepts
Adz 2numeration types

ine4-2
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Ada user defined types ~0.250
Ada sudbtypes ~7.250
Agda derived types -10.250
Ada rea! types 0.750
Ada flocat point types 2.750
Ada fixed pt types 1.750 .
Ada record types 0.250
Ada rec types d:scrim -15.250
Ada slices -21.25¢C . Iy
Ada aggregates -20.250
Ada allocators -20.250
Ada access types -13.250
Ada overlioading -18.25C
Ada packages -11.250
Ada private types -15.250
Ada scope -10.250
Ada short cirguiting -19.250
Ada visibility -17.250
Ada tasking ~4.750
Ada task types -§.250
Ada rendezvous -15.250
Ada entries ~7.250
Ada entry families -16.250
Ada separate compilation ~2.750
Ada exceptions ~9.250
L¢3 nereric prog un'te =10, 280
Ada instantiation -18.25C
Ada elaboration -18.250
Ada context spec -14.250
Ada information hiding -12.250 '
Ada mutual recursion ~-18.250
other Ada concepts -33.250

Residuals after Polishing i

Warnier Orr Design

Jackson Design N S Chapin Chart
PSL PLA  SADT SREM HIPO Structured Design
cluster2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
cluster3 -37.500 -69.500 -$6.500 7.500 -49.500 42.500 -51.500 -50.500
cluster$ -8.000 ~-29.000 -28.000 2.000 -33.000 43.000 -24.000 -33.000

cluster3§ 5.500 13.500 15.500 -4.500 12.500 -7.500 14.500 7.500
cluster5y 3.500 4.500 9.500 -0.500 5.500 -2.500 §.500 3.500

123642 C-58
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Program Design language

Structured Programming

Beamson Tables

cluster2 0.000
cluster3 -69.500
clusterb -33.000
ciuster38 21.500
clusterS§? 12.500

Top Down Jesign

Top

Down Testing

Page 57.

Bachman Diagramming

Structured Walkthroughs Bottom Up Design
-0.500 0.000 0.000 0.000 0.000 0.000 0.000
35.000 4LB.500 41.500 47.500 44L.500 33.500 -54.500
39.500 56.000 36.000 53.000 42.000 28.000 -24.C00
-6.000 -7.500 -7.500 -7.500 -6.500 -6.500 22.500
0.00C -1.500 -0.500 -1.500 -1.500 -1.500 13.500
other methodology fixed point types
Data Abstraction floating point types pointers

Entity Diagrams

cluster2 0.000
cluster3 -54.5G0
clusterb -24.000
cluster3§ 24.500
clusterb5? 18.500

cluster2 0.0G0
cluster3 11.500
clusterb 19.000
cluster3§ -6.500
cluster5? -0.500

blocks
cluster2 0.000
cluster3 37.500
clusterb L1.0GC0
cluster38 =~-10.500
clustersy -4.500

clusters modules

cluster2 0.000
cluster3 30.500
clusterb 33.000
cluster38 -4.500
clusterty -1.500

10242

0.000
=-4.500
-8.000
11.500

8.500

records
typed pointers

0.000
46.500
47.000
~7.500
-0.500

-0.500
45.000
46.500
-7.000

0.000

enumeration types

0.000

-67.500
-32.000

21.500
13.500

-1.500
10.000
15.500
-5.000

0.000

.000
-8.500
9.000
1.500
-1.500

0.000
L5.500
49.000
-7.500
-1.500

user defined types

0.000
42.500
4L8.000
-6.500
=-1.500

-0.500
32.000
32.500
-7.000

0.000

globtwi variables
obiect type dcls

variant -acords

-0.500
30.000
37.500
-6.000

0.000

0.000
L8.500
55.000
~7.500
-1.500

loop for while until
case statements

0.000
48.500
54.000
-8.500
-1.500

exit statements
if then else statements

0.000
47.500
53.000
-8.500
-2.500

goto statements

stubs

package

0.000
31.500
22.000
-5.500
-0.500

~1.500
4L8.000
53.500
-7.000

0.000

0.000
Ly .500
49.000
-8.500
-1.500

formal actual

0.000
49.500
55.000
-7.500
-2.500

0.000
27.500
34.000
-9.500
-4.500

functions
procedures

0.000 0.000
46.500 48.500
50.000 50.000
-8.500 -7.500
-2.500 -2.500

importing exporting name

other prog cons

exception handlers

comments

0.000
L6.500
53.000
-8.500
-1.500

D-59

P T

ta

0.000
35.500
26.000
-4.500
-0.500

sk coroutines

-1.500 0.000

35.000 -69.500 -
14.500 -29.000 -
24.500
16.500

~7.000
0.00¢C

0.000
40.500
47.000
-8.500
-3.500

params
local variables reserved words

0.000
46.5C0
42.000
-8.500
-3.500

return statements

0.000
46.500
54.000
=7.500
-1.500

tructs

0.000
35.500
10.000
11.500

8.500
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rame visibility conditional statements
name scoping iteration concurrency
data encapsulation static dynamic nesting recursion
cluster? -1.500 0.00C 0.000 ©.000 -0.500 0.000 0.000 -1.500
cluster3 ¢.000 -7.500 -i0.500 6.50C 43.000 L6.500 36.500 24.000
cluster5b 2.500 -4.000 -1C.000 12.00C 38.500 47.000 35.000 15.500
cluster38 ~3.000 g8.5090 7.500 -1.50C0 -5.000 -46.500 -6.500 0.000
cluster§s? 0.000 5.500 7.500 -0.500 0.000 =-0.500 -1.500 0.0C0
other prog concepts
type conversion generics parameter binding

strong typing data abstraction loop invariants version number

cluster2

1.500 0.000 -2.500 0.000 0.000 2,500 ¢0.¢oc 0.000
ciuster3 -7.000 15.500 1C0.000 ~-8.500 -$.500 -11.000 19.500 -68.500
clusterS -2.500 13,000 0.50¢ ~4.000 =-3.000 ~-5.50C 12.000 -30.000
cluster3§ 0.000 -7.500 -2.000 g.500 3.500 0.000 -1.500 25.500
cluster5? 2.000 -3.500 0.000 7.500 1.500 2.000 -0.500 14.500
Ada subtypes Ada float point types
Ada user defined types Ada rea! types Ada record types

Ada enumeration types

Ada derived types

Ada fixed pt

types

cluster? 0.000 0.000 0.000 0.000 0.000 ¢.000 0.000 -4.500
clusterd -14.500 0.50C -10.500 -13.500 7.800 11.500 10.8%C 1.000
cluster5 -8.000 ~-1.C00 -12.000 -14.000 3.000 6.000 4.000 1.500
cluster38 5.500 2.500 6.500 7.500 -1.500 -0.500 -0.500 0.000
cluster57 4.500 -0.500 5.500 3.500 -0 500 -1.500 -0.500 0.000

Ada aggregates
Ada slices
Ada rec types discrim

Ada private
Ada packages
Ada overloading

types
Ada access types
Ada allocators

cluster2 ¢.000 ©0.000 0.000 0.000 0.000 0.000 0.000 0.000
cluster3 -19.500 -28.500 -31.500 -30.500 -23.50C -22.500 -14.500 -17.500
cluster5 -11,000 -20.000 -10.000 -12.000 -146.000 -12.000 ~10.000 -10.000
cluster i 11.500 17.500 16.500 15,500 10.500 15.500 11.500 13.500
cluster5sy 9.500 12.5C0 10.500 12.500 7.500 10.500 7.500 13.500
Ada entry families
Ada short circuiting Ada tasking Ada rendezvous
Ada scope Ada visibility Ada task types Ada entries
cluster? 0.000 0.000 0.000 -0.500 0.000 0.000 0.000 0.000
ciuster) -18.500 -41.500 -13.500 ©0.000 -17.500 -31.500 -24.500 -47.500
clusters -10.000 -25.000 =-7.000 =-2.500 -10.000 -16.000 -18.000 -24.000
ciuster38 8.500 14.500 13.500 7.000 8.500 14.500 7.500 13.500
cluster57 7.500 7.50C 1€.500 3.000 2.500 9.500 2.500 8.500
12%a2 Negn
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Ada generic prog units Ada context spec
Ada exceptions Ada elaboration Ada mutual recursion
Ada separate compiiation Aaa instantiation Ada information hiding
cluster2 -0.500 0.000 0.000 0.000 0.000 0.000 0.000 0.000
cluster3 3.000 -12.500 -20.500 -38.500 -43.500 -36.500 -18.500 -32.500
cluster5b -2.500 -5.000 -9.000 -1!5.000 -27.000 -27.000 -11.000 -20.000

cluster38 5.000 8.500 17.500 16.500 13.500 9.500 12.500 14.50C
cluster5? 0.000 3.500 13.500 §.500 7.500 3.500 6.500 10.500

ranges
other Ada concepts

cluster? 0.000 0.000
cluster3 -71.500 25.500
cluster> -30.000 35.000
cluster3§ 24.500 -10.500
cluster57 14.500 -5.500

Categories with High Positive Categories with High Negative
Residuals in Rank Order KesiZuais in Rank Qrder
Cluster 2
parameter binding 1.000 data abstraction 1.000
strong typirg 2.000 corcurrency 1.000
Ada record types 1.000
Program Design language 2.000
goto statements 2.000
user defined types 2.000
task coroutines 2.000
data encapsulation 2.000
iteration 2.000
case statements 2.000
object type dcls 2.000
variant records 2.000
Ada tasking 2.000
Ada separate compilation 2.000
Cluster 3
HIPO 1.000 PSL PLA 1.000
stubs 1.000 SADT 1.000
Ada record types 1.000 SREM 1.000
Ada fixed pt types 1.009  Jackson Design 1.000
Structured Walkthroughs 1.000 Warnier Orr Design 1.000
Ada float point types 1.000 N S Chapin Chart 1.000
Top Down Testing 1.000 Beamson Tables 1.000
Bottom Up Design 1.000 Bachman Diagramming 1.000
Ada real types 1.000 Entity Diagrams 1.000
concurrency 1.000 Ada entries 1.000
verzion number 1.000 other methodology 1.000
data apstraction 1.000 enumeration types 1.000
1094-2 o<l
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type conversion
recursion

iteration

task coroutines
reserved words
exception handlers
fixed point types
object type dcls

local variables

case statements

if then else statements
Structured Design

exit statements
procedures

functions

return statements
clusters modules package
loop for while untili
goto statements
comments

blocks

formal actual params
static dynamic nesting
global variables
conditional statements
variant records

records

typed pointers

pointers

user defined types

Ada user defined types
floating point types
Top Down Design
Structured Programming
Program Design language
Ada separate compilation
ranges

ranges
Structured Design
Program Design language
Structured Programming
goto statements

Top Down Design

return statements
functions

enumeration types
fioating point types
fixed point types

user defined types
pointers

1094-2

1.000
1.000
1.000
1.000
1.000
1.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

other prog constructs
importing exporting name
name scoping

name visibility
strong typing
generics

loop invariants
parameter binding
other prog concepts
Ada rec types discrim
Ada enumeration types
Ada derived types

Ada stices

other Ada concepts
hda aggregates

Ada atlocators

Ada access types

Ada overloading

Ada packages

Ada private types

Ada scope

Ada short circuiting
Ada visibility

Ada task types

Ada rendezvous

Ad2 entry families
Ada exceptions

Ada generic prog units
Ada instantiation

Ada elaboration

Ada context spec

Ada information hiding
Ada mutual recursion
Data Abstraction

Ada subtypes

Cluster §

Ada tasking

Data Abstraction

Ada subtypes

Ada user defined types
Ada separate compilation
SADT

Beamson Tables

Bachman Diagramming

N S Chapin Chart
Warnier Orr Design
other methodology

PSL PLA

other prog constructs

D-62

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
2.000
2.000

1.000
1.000
1.000
1.000
1.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
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typed pointers

records

variant records

object type dcls
global variables

local variables

forma! actual params
static dynamic nesting
blocks

case statements

if then else statements
loop for while until
exit statements
procedures

clusters modules package
comments

conditional statements
data encapsulation
Bottom Up Design

Top Down Testing

stubs

Structured Walkthroughs
reserved words
exception handlers
iteration

recursion

task coroutines
concurrency

type conversion

data abstraction
version number

Ada real types

Ada float point types
Ada fixed pt types

Ada record types

HIPO

PSL PLA

SADT

SREM

Jackson Design
Warnier Orr Design

N S Chapin Chart
Beamson Tables
Bachman Diagramming
Entity Diagrams

Data Abstraction
other methodology

Ada rendezvous

other prog constructs
importing exporting name

10%4-2

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

name scoping

strong typing

importing exporting name
generics

loop invariants
parameter binding
other prog concepts
Ada enumeration types
Jackson Design

SREM

Ada derived types

Ada rec types discrim
Ada slices

Ada aggregates

Ada allocators

Ada access types

Ada overloading

Ada packages

Ada private types

Ada scope

Ada short circuiting
Ada visibility

name visibility

Ada task types

Ada rendezvous

Ada entries

Ada entry families
Entity Diagrams

Ada exceptions

Ada generic prog units
Ada instantiation

Ada elaboration

Ada context spec

Ada information hiding
Ada mutual recursion
other Ada concepts

Cluster 38

HIPO

Structured Design
Program Design language
Structured Programming
Structured Walkthroughs
Top Down Design

Top Down Testing

Bottom Up Design
floating point types
fixed point types

user defined types
pointers

typed pointers

records
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name scoping

Ada short circuiting
generics

loop invariants

other prog concepts
Ada enumeration types
Ada user defined types
Ada subtypes

Ada derived types

Ada rec types discrim
Ada slices

Ada aggregates

Ada allocators

Ada access types

Ada overioading

Ada packages

Ada instantiation

Ada scope

Ada exceptions

Ada visibility

Ada tasking

Ada task types

Ada entries

Ada entry families

Ada separate compilation
Ad2 generic sreg units
Ada elaboration

Ada context spec

Ada information hiding
Ada mutuai recursion
other Ada concepts
name visibility

Ada private types
enumeration types

strong typing

Ada private types
name visibility

3SL PLA

vw.."=on Design

N S Chapin Cnart
deamson Tables

SREM

SAGT

Gata Abstraction
other methodology
other prog constructs
importing exporting name
name scoping

Entity Diagrams
3achma~ Diagramming

10942
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1.000
1.500
1.500
2.000
2.000
2,000
2.000
2.000
2.000
2.00¢
2.000
2.000
2.000
2.000
2.000
2.000

variant records

object type decls
global variables

local variables

formal actual params
reserved words

blocks

case statements

1i then else statements
toop for while until
exit statements
procedures

functionse

return statements
clusters modules package
stubs

goto statements
comments

exception handlers
task coroutines

data encapsulation
static dynamic nesting
iteration

conditional statements
recursion

type conversion
versien number

Ada real types

‘ranges

Ada fixed pt types
data abstraction
Ada float point types

Cluster 57

Ada float point types
Ada fixed pt types
HIPO

Structured Walkthroughs
Top Down Design

Top Down Testing
Bottom Up Design
enumeration types
floating point types
fixed point types
pointers

typed pointers
records

glcbal variabies
local variables
formal! actual params

D-64

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
l.ooo
1.500
2.000
2.000
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generics 2.000 reserved words 2.000
loop invariants 2.000 blocks 2.000
Warnier Orr Design 2.000 if then else statements  2.000
other prog concepts 2.000 loop for while until 2.000
Ada enumeration types 2.000 exit statements 2.000
Ada subtypes 2.000 procedures 2.000
Ada derived types 2.000 functions 2.000
Ada rec types discrim 2.000 return statements 2.000
Ada slices 2.000 clusters modules package 2.000
Ada aggregates *  2.000 stubs 2.000
Ada allocators ‘ 2.000 comments 2.000
Ada access types 2.000 exception handlers 2.000
Ada overloading 2.000 static dynamic nesting 2.000
Ada packages 2.000 conditional statements 2.000
parameter binding 2.000 recursion 2.000
Ada scope 2.000 type conversion 2.000
Ada short circuiting 2.000 version number 2.000
Ada visibility 2.000 Ada user defined types 2.000
Ada tasking 2.000 Ada real types 2.000
Ada task types 2.000 Structured Programming 2.000
Ada rendezvous 2.000 Structurea Design 2.000
Ada entries 2.000 ranges 2.000
Ada entry famities 2.000

Ada exceptions 2.000

Ada generic prog units 2.000

Ada instantiation 2.000

Ada elaboration 2.000

Ada context spec 2.000

Ada information hiding 2.000

Ada mutual recursion 2.000

other Ada concepts 2.000

The administrative managers (cluster 2) aren’t very strong on anything

except parameter binding, probably a random outlier. They aren’t very weak on

anything, either, but with some tendency against technical programming.

The developmentally oriented nonmangers (cluster 3) rate very strongly on
design methodologies, some Ada concepts, and various programming constructs
and concepts. They are weak on some of the design methodologies, certain pro-
gramming concepts, and most Ada concepts.

The support-oriented nonmanagers (cluster 5) are strong on standard de-
sign methodclogies and standard programming constructs and are somewhat less

strong on various programming concepts. They are weak on Ada concapts and
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certain programming methodologies and constructs. They seem to have the
basics but are not theoretically sophisticated.

The support-oriented managers are strong on certain design methodologies,
programming concepts, and Ada concepts. They are weak on other design
methodologies and programming constructs. These people would seem to be some-
what eccentric. Perhaps these are the type of people who tend to gravitate to
the "less practical'--that is, less technical/developmental--side of the in-
dustry.

The technical managers tend to be relatively strong on certain program-
ming concepts, many design methodologies, and several Ada concepts, but weak
on other methodologies and on programming constructs.

In summary, the characterizations of the clusters support the classifica-
tions in large part. There are few startling departures from common sense.

Current titles.--a table showing current job titles and positions in the
management hierarchy for the clusters indicates the relationship between the

way the industry currently defines jobs and the classification scheme

developed in this report.

Respondent Job Title Position in Hierarchy

administrative manager

1003 Chief, CAD/CAM Systems middie mgmt

1005 Zcaff Specialist technical

1011 Projact Engineer technical

:0i3 Software Design Specialist technical

10i8 Engineering Software Supervisor middle mgmt

i029 Software Design Specialist technical

1023 “~ftware Engineering Specialist technical

1025 Enginesring Specialist technical

1039 Engineerinc “pecialist technical N
10Lb2 Software Design Specialist technical .
1054 Software Engineering Specialist technical

1059 Supervisor middle mgmt

1062 Supervisor middle mgmt

1063 Chief, Product Software migdie mgme

1066 Software Design Specialist technical

10962 D-&6
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1085 Software Engineering Specialist
1086 Senior Software £ngineer
1093 Engineering Chief

2005 Supervisor

2006 Software Development Manager
2012 Senior System Analyst

3002 Software Management

3009 Software Manager

3013 Engineering Specialist

3026 R&D Engineer

3029 Digital Signal Processing
3058 Engineering Specialist

3060 *

3061 Senior Engineering Specialist
3070 Engineering Specialist
3097 Engineering Specialist
4003 Consultant

4026 Consultant

L029 Consultant

LO38 Software Group Manager
LOLL Programmer Analyst

WOL7 Unit Manager

4050 Consultant

4052 CAD Development Manager
L4072 Consultant

5012 *

5029 *

5030 %

5034 ®

5076 *

9001 *

development nonmanaget

1001 Consultant

1004 Engineering Software Supervisor
1012 Software Design Specialist
1014 Senior Software Engineer

1016 Software Engineer

1029 Software Design Specialist
1031 Software Design Specialist
1052 Senior Engineering Specialist
1060 Software Engineer

1064 *

1072 %

1074 Software Design Specialist
1075 Software Design Specialist
1078 Senior Engineer

1079 Senior Software Engineer

1080 Senior Software Engineer

1082 Senior Software Engineer

1084 Software Design Specialist
1030 System Engineering Specialist
10942

<technical

Page 65.

technical
technical
middle mgmt
middie mgmt
middle mgmt
technical
high level mgmt
middlie mgmt
technical
technical

*
technical

*
technical
technical
technical
technical
technical
technical
middle mgmt
tecnnical
middle mgmt
technical
middle mgmt
technical

%
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technical
middle mgmt

technical
technical
technical
technical
technical
technical
*

*
technical
technical
technical
technical
technical
technical
technical
technical
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1091 System Design Specialist technical
1094 Software Engineer technical
1100 Engineer technical
2001 Senior Programmer technica!
2002 Programmer technical
2007 Senior Scientific Programmer technical
2009 Project Supervisor middle mgmt
2011 Data Processing Consultant technical
2013 Principle Scientific Prograrmer technical
2014 Supervising System Analyst middle mgmt
2016 Scientific Programmer technical
20!8 Principle Scientific Programmer technical
2020 Principle Scientif’c Programmer tochnical
3001 Junior Programms: entry level
300L Research Engineer technical
3005 Senior Software Engineer technical
3006 Supervisor middlie mgmt
3007 Advanced R&ED Engineer technical
3010 Communications Software technical
3011 Software R&D Engineer technical
3015 Engineer technical
3018 Senior Engineer technical
3023 ® *
3024 R&D Engineer technical
3025 Senior Engineer technical
3022 Digital Sigral Processing ta2ehnical
3030 * *
3031 R&D Engineer technical
3032 Engineer technical
3042 RED Engineer technical
3049 Junior Programmer entry level
3051 Advanced Development Engineer technical
3062 Engineering Specialist technical
3054 * *
3062 b *
3063 Programmz: Analyst technical
3065 Programmer technical
3068 R&D Engineer technical
3069 Senior Engineer technical
3072 Scftware Engineer technical
3074 Engineer technical
2077 Senior Software Engineer technical
3078 RED Engineer technical
3680 Senior Engineer technica)
3085 “‘nior Engineer technical
3086 * *
3087 RED Enginee technica!l
3089 Research Enginser technical
3091 Software Engineer technical
3093 Engineering Specialist technical
3054 Software Engineer technical
3109 RED Engineer technical
3111 Senicr Enginesr technical
1094-2 0-68
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3112 Consultant

3113 Software Engineer

3114 Software R&D Engineer

3117 Engineering Specialist

3119 R&D Engineer

3120 Programmer

3122 *

4002 Programmer

4004 Programmer Analyst

LOO5 Programmer Analyst

4006 Senior Applications Analyst
4007 Staff Consultant

4008 *

4015 Senior Programmer Analyst
4016 Senior Programmer Analyst
4023 Senior System Analyst

L4024 Programmer Analyst

4027 Senior GS Analyst

4,028 Principle Programmer Analyst
4032 Analyst

4034 Government Program Analyst
4035 Government Program Analyst
4036 Principle Programmer Analyst
4039 Consultant

4042 Principle Systems Analyst
4043 *

4045 Senior Analyst

LOL8 Principle Programmer Analyst
4051 Firmware Design Engineer
4056 System Analyst

4,058 *

4060 Principle Engineer

4062 Senior Programmer Analyst
4063 *

L065 Programmer

4067 Programmer Analyst

4068 Consuiltant

LO69 Associate Programmer Analyst
4070 Programmer

4073 Programmer Anslyst

4075 Senior Engineer

4076 Quaiity Assurance Engineer

5001 *
5002 *
5004 *
5005 *
5007 *
5008 Diagnostic Software
5011 *
5013 *
5016 *
5621 *
5024 %
10%4-2
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5026 ®
5031 %
5032 %
5036 *
5037 *
5038 *
5043 *
5045 #*
5047 %
s0u8 *
5049 *
5052 %
5053 *
5057 *
5060 *
5063 *
5067 *
5068 *
5069 *
5070 )
5071 *
5072 *
5074 Programmer
5078 *
5080 *
€004 Project Leader
6005 *
6007 Computer Scientist
6009 Electronic Technician
6010 Electrical Engineer
6011 Electrical Engineer
7001 Computer Specialist
7004 Computer Specialist
7005 Computer Specialist
7006 Computer Specialist
7008 Computer Specialist
7010 Computer Specialist
7011 Computer Specialist
800L Team Leader
9004 Eilectrical Engineer
9005 Electrical Engineer
2706 Electrical Engineer
suopcrt nonmanager
1007 Senior Saftware Engineer
1003 Software Enc’ eer
1010 Software Engineer
1015 Software Engineer.
1017 Software Engineer
1026 Software Design Specialist
1038 *
10LC Software Design Specialist
1094-2
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technical
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%
middle mgmt

*
technical
entry level
technical
technical
technical
technical
technical
technical
technical
technical
technical
middle mgmt
technical
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technical

technical
technical
technical
technical
technical
technica!
*
technical
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1041
1043
1044
1045
1046
1048
1049
1050
1053
1055
1057
1058
1065
1076
1077
1087
1096
2003
2017
2023
3003
3008
3012
3014
3020
3027
3033
3035
3036
3037
3038
3039
3043
3044
3045
3046
3047
3048
3050
3053
3059
3064
3066
3067
3071
3073
3075
3076
3081
3082
3084
3083
3032

1094-2

Software Design Specialist
Senior Dynamics Engineer
Software Engineer
Software Engineer
Software Engineer
Software Engineering Specialist
Software Design Specialist
Software Design Specialist
Software System Engineer

*
Principle Engineer
Associate Engineer
Engineering Manager
Software Engineer
Electrical Engineer
Software Engineering Specialist
Software Design Specialist
Scientific Programmer
Senior System Analyst
Associate Scientific Programmer
Software Engineer
Programming Aide
Senior Engineer
Software Engineer
R&éD Engineer
Engineering Specialist
Senior Engineer
Senior Engineer

*
Software Engineer
Software Engineer

*
Senior Engineer
Sof tware Engineer

*
Software Engineer

*
Software Engineer
RED Engineer
Senior Software Engineer
Senior Engineer
Software Engineer
Senior Software Engineer
Software Engineer
Senior System Engineer
Software Engineer
Software Engineer

*
Software Engineer
Software Engineer
Software Engineer
Senior Engineering Specialist
Senior Engineer

technical
technical
technical
technical
technical
technical
technical
technical
technical

*
technical
entry level
high level mgmt
technical
technical
technical
technical
technical
technical
entry level
technical
entry level
technical
technical
technical
technical
technical
technical

*
technical
technical

*
technical
technical

*

technical
*
technical
technical
technical
technical
technical
technical
technica!l
technical
technical
technical
*
technical
technical
technical
technical
technical
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3093 Advanced Research Engineer technical
J10L Software Engineer cechnical
3108 * *
3107 Engineer technical
JU10 Senior Software Engineer technical
3115 Software Engineer technical
31i6 Engineer technical
3118 Engineer technical
312! Software Engineer technical
400! System Engineer technical
4009 Consuitant technical
LO12 Principle Programmer Analyst technical
k013 Software System Programmer technical
4018 tlectrical Enginaer technica!l
4019 Analyst technical
4021 Associate Applications Analyst entry level
4022 Programmer technical
4031 Principle Programmer technical
4040 System Programming Analys: technical
LOS3 Programmer Analyst technical
4054 Programmer Analyst technical
4057 Programmer technical
4059 Programmer Analyst technical
L06L Manager, Software Development midd)e mgmt
4071 Programmer technical
Lo7L * %
4077 Engineer technical
5003 * *
5004 * *
5009 ® *
5010 * *
5014 * *
5015 * & 1
5019 ] *
5020 & *
5022 # *
5025 * *
5027 * *
5028 * *
5033 * *
5032 * *
549 * *
504! Programmer technical
5042 * ®
5044 ° -ogrammer technical
5046 * *
5050 % ®
5054 * *
5055 * *
5056 * *
5059 * X
5052 * ®
508y * *
10%9a-2 c-72

Wt et s




Ada Workforce Survey

5065
5066
5073
5C75
5077
5079
6003
6006
6008
7002
7003
7007
7012
7013
7C14
7015
8001
8002
8003
8005
9003

support

1056
1061
1083
1092
2019
3040
3057
4010
4017
4020
40u6
Lo61
5035
6002

St

%

*

*

*

*
General Engineer
Software Quality Assurance
Computer Scientist
Computer Specialist
Programmer
Computer Specialist
Computer Specialist
Computer Specialist
Computer Specialist
Computer Specialist
Computer Systems Analyst
Software System Analyst
Associate Programmer Analyst
Computer Specialist
Mathematician

manager

Software Quality Assurance
Software Design Specialist
Software Design Specialist
Software Design Specialist
Project Engineer

*
Software Management
Manager
Line Manager
Manager
Sof tware Development Manager
Manager

*
General Engineer

technical manager

1081
1088
1095
1097
1098
1099
2004
2010
2015
3034
3055
3056

*
Software Design Specialist
Senior Programmer
Software Design Specialist
Software Design Specialist
Principle Engineer
Project Manager
Data Processing Consultant
Senior System Analyst
Advanced R&0 Engineer

*

R&D Engineer

10%4-2
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*
technical
technical
technical
technical
technical
technical
technical
technical
technical
technical
technica!l
technical
entry level
technica!
technicai

technical
technical
technical
technical
technical
*

high level mgmt

middle mgmt

middie mgmt

middle mgmt

middle mgmt

middle mgmt
*

technical

*
technical
technical
technical
technical
technical
middle mgmt
technical
technical
technical

*
technical
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3083
3090
3095
3102
3103
40:1
4030
L037
LOL1
4049
40353
L0656
5017
5018
5023
5051
5058
7003

Advancea RED Engineer
Engineering Manager
tngineering Specialist
Software Engineer
Engineering Specialist
System A&nalyst
Consultant
Programmer
Consul tant
Principle Programmer Analyst
Senior Consultant
Frogrammer Aralyst

*

*

%

*
Computer Specialist

Page 72.

technical
high level mgmt
technical
technica!
technical
tachnical
technical
technical
technical
technical
technical
technical
%
*
%«
*
*

technical

Finally, the following table presents the clusters versus the nine

companies, showing the internai distributions of job categories in those

companies.

The distribution seems consistent with the interpretation of the

clusters aside from the total lack of managers in the public~sector companies.

company

company three company six company nine

company two

company five company eight

ccmpany one  company four  company seven

administrative manzger 18 3 10
deveiopment nor+z2- ager 22 10 L7
support ncnmanager 25 3 L2
support manager _ " 1 2
technical manager 'S 3 8

9 5 o0 0 O 1
35 3% 6 7 ! 3
18 32 3 7 % !

5 1 1 o o o

7 5 o 1 o o

fyrther classification of nonmanagement.--Although the above classifica-

tion makes sense, it doesn’t have very much to say about those people who will

be most invoived with Ada in the fyture, the programmer, the analyst, the sup-

port personnel, and sO on.

Given that these two clusters=--support and devel-

opment nonmanagement--are of such great interest, it may be advisable to clus-

ter these individuals separately,

1094-2
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in order to get a clearer picture, but at the risk of losing information,
the following clustering was done only on the principal duties and primary
general activities of the two nonmanagement clusters. The results below show
some distinct subcategories in these clysters. It should be borne in mind,
however, that these clusters are orcbably less valid than the first set.

After clustering development employees (see Appendix 3 for the tree),
five distinct clusters emerged based on median polish residua) ranks. These

clusters have the following populations:

Count Percent
cluster! 9 5.4
cluster3 17 10.1
clusterl 131 78.0
cluster? 6 3.6
clusteri5s 5 3.0

The following mediarn polish summarizec the propertiss of these clusters.

Analysis of Clustering Based on Primary General
Activities and Principa! Duties of Oevelopment Employees

tffects and Typicals after Polishing

effects
common 2.000
clusterl 1.000
cluster3 0.000
clustery 10.000
cluster? 0.000
cluster153 -1.000
ga program management -2.000
ga sales marketing -2.000
ga contract negotiation -2.000
ga formulating policy -1.000
ga formulating strategy -2.000
ga preparing budgets 0.000
ga technical management 1.000
ga interv personnel -1.000
ga preparing schedules 1.000
ga prep mgmt info rpts -2.000
ga prep fid eng rpts ~2.000
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other admin tasks
tech advice to (CB
maint config procs
licrary contro!

pred version audits
quality assurzance
prep temp eng rpt
prep technical rpts
reading tech pubs
reviewing tech work
teaching

updat training man
being trained

func system design
func module design
def glob data strucs
def subsys interface
def stuff for own use
coding

debug or modifying
prep sys rqt docs
updat MIL STD specs
prep red!ined docs
prep vers descr mnls
prep user manuals
dzgimenting code
defining test cases
prep tast drivers
prep test plans
harcdware testing
system software test
def mod test cases
sof tware module test
doc test results
prep trouble recurts
anal trouble r.;s
coenduct req raview
attenrnd reg review
system analysis
desigr

concduct design review
«il:nd Zesign review
ccae

concust walkthroughs
atten. -alkthroughs
formuiation ¢F 20olicy
formulating strat..y
technica! manzgement
program management
configuration mngmnt
cuality assurance
monitoring contracts
other develonment

-C9s-2

-2.000
-1.000
-2.000
-2.0G0
-2.000
-2.000
-2.000
-1.002
9.0c¢C
2.000
0.0C0
-1.020
-:.009
L.200
5.000
3.000
3.000
5.000
5.000
5.c00
1.000
-1.000
1.000
-1.000
0.000

T oAm
- oo

1.000
0.000
2.000
~2.000
3.000
5.000
5.0C0
6.0G2
2.000
1.000
1.000
4.000
4.000
4.000
3.000
5.000
5.000
4.000
4.000
0.C00
" 000
2.000
-2.000
-2.000
-1.000
-2.00C
-2.000
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pd support analysis 5.000
pd support design 3.000
pd conduct support ar 1.000
pd attend support dr 2.000
pd code patch 6.000
pd conduct sup walkthru ~1.000
pd attend sup walkthru -1.000
pd sup technical mgmt 1.000
pd sup formulate policy -1.000
pd sup program mgmt -2.000
pd SCCB participation 1.000
pd sup config management -2.000
pd sup quality assurance -1.000
pd sup monitor contracts -2.000
pd other support -2.000

Residuals after Polishing

ga contract negotiation ga preparing budgets
ga sales marketing ga formulating strategy ga interv personnel
ga program management ga formuiatiry pelicy ga technical management

cluster] 0.000 1.000 0.000 1.000 0.000 0.000 -3.000 0.000
cluster3 0.000 0.C00 0.000 -1.000 0.000 0.000 0.000 0.000
clusterly -7.600 -10.000 -10.000 -8.000 -1.000 -4.000 16.000 -8.000
cluster? 2.000 0.000 0.000 0.000 2.000 1.000 2.000 0.000

clusterl53 1.000 1.000 1.000 1.000 2.000 -1.000 -1.000 2.000

ga prep version audits

ga prep fld eng rpts ga maint config procs
ga prep mgmt info rpts ga tech advice to CCB
ga preparing schedules ga other admin tasks ga library control
clusterl -4.000 0.000 -1.,000 0.000 0.000 0.000 -1.000 -1.000
cluster3 0.000 0.000 0.000 1.000 -1.000 0.000 0.000 0.000
clusterl 3.000 0.000 =-9.000 -i0.000 -2.000 -7.000 -7.000 -8.000
cluster7 0.000 3.000 0.000 0.000 1.000 0.000 0.000 0.000
clusteris3 -1.000 1.000 1,000 3,000 2.000 3.000 3.000 2.000
ga prep technical rpts ga updat training man
ga prep temp eng rpt ga reviewing tech work
ga quality assurance ga reading tech pubs ga teaching ga being trained
cluster! -1.000 2.000 0,000 1.000 -3.000 -1.000 0.000 2.000
cluster} 0.000 0.000 0.000 0.000 -1.000 1.000 0.000 1.000
clusterl -4.,000 -1,000 0.000 0.000 10.000 -5.000 -8.000 -2.000
cluster] 2.000 0.000 2,000 0.000 0.000 0.000 -1.000 0.000

clusterl5} 4,000 2,000 0.000 2.000 0.000 0.000 0.000 0.000
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ga prep sys rqt docs
ga def glob data strucs ga coding
ga func module design ga def stuff for own use
ga func system design ga def subsys interface ga debug or modifying

clusterl -1.000 ¢C.02¢ 0.000 (0.000 0.000 0.000 0.000 0.000
clustery L.000 6.00C 7.000 3.090 4.000 §6.000 6.000 ~-1.000
clustery 56.000 73.000 43.70C 56.007 58.000 6£1.000 $2.000 20.000
cluster? 0.000 =-4.000 0.00C -1,000 -1.000 -5.000 ~-5.000 1.000

clusterlS3 -2.000 -6.000 ~4L.DCQ0 -3.000 =-6.000 -6.000 -6.000 -1.000

ga prep vers descr mnis ga defining test cases

ga prep redlirad docs ga dccumenting code ga prep test plans
ga updat MIL STD specs 52 prep usar manuals ga prep test drivers
cluster! 2.000 -1,000 2.000 2.000 2,000 3.000 3.000 1.000
cluster} 0.000 -1.C00 -1.000 -2.000 C.COO0 -1.000 ~-1.000 0.000
clusterl -5.000 0.000 -4.0CO 4.000 L4S.000 25.000 17.000 29.000
cluster? 0.000 0.000 0.000 0.000 -5.000 0.000 0,000 -1.000

clusterl153 1.000 1.000 2.000 0.000 =-3.000 -2.000 -1.000 -1.000

ga def mod test cases ga prep trcuble reports
ga system software test ga doc test results pd conduct req review
g2 hardware testing gz software module test ga anal trouble rpts

cluster! 2.000 0.000 Q.000 2.000 &£.00) 1.000 3.000 -2.000
cluster3 0.000 5.000 3.006 6.0C0 -1.000 0.000 0.000 2.000
clustery 0.000 55.0C3 32.000 47.000 15.000 13.000 19.000 16.000
cluster? 0.000 =-2.200 -7.060 -7.000 0.000 -3.000 -2.000 0.000

clusterisl 2.000 -3.000 -5.000 -5.000 0.000 -1.000 0.000 -1.000

pd attend walkthroughs
pd conduct design review pd conduct walkthroughs

pd system analysis pd attend design review

pd attend req review pd design pd code
cluster! -3.0%0 =-2.000 0,000 0.000 0.000 0.000 0.000 0.000
cluster3 4.900 4.000 11.0CC 10.000 9.000 9.000 9.000 10.000
clusterk 35.000 56.000 87.000 39.000 47.000 78.000 28.000 31.000
cluster? -2.000 -1.000 -2.000 -3.000 -4.000 -4.000 -5.000 ~-4.000

~lusteris3 0.000 0.000 0.02C =-2.000 -3.000 -§.000 -4.000 -4.000
pd other development
pd technical management pd quality assurance
pd formulating strategy pc¢ coanfiguration mngmnt
pd fc-~ulation of policy pd program management pd monitoring contracts

cluster! -2.000 *.900 -4.200 ~1.000 0.000 -2.000 -1.000 -1.000
cluster} 0.000 1.200 0.CO0 0.000 1.000 0.000 ©.000 0.000
clusterh -8.000 0.000 11.000 -35.000 -3.000 -3.000 -4.000 -9.000
cluster? 0.000 0.000 ©€.202 0.002 0.000 0.000 0.000 0.000

cluster!53 1.000 1.000 1.006 4.000 4.000 5.000 6.000 1.000
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pd conduct support dir pd conduct sup walkthru
pd support design pd code patch pd sup technical mgmt
pd support analysis pd attend support dr pd attend sup walkthru

¢cluster) 0.000 0.000 4.000 4.000 0.000 $.000 7.000 -3.000
cluster3 5.000 11,000 12.000 10.000 $.000 14.000 13.000 2.000
clusterl 10.000 2.000 -8.000 0.0C0 0.000 -8.0C0 -1.000 -5.000
cluster? -1.000 0.000 -3.000 -4.000 -6.000 -1.000 ©.000 0.000
clusteris3 -1.000 -1.000 0.060 0.000 -6.000 0.000 0.000 2.000

pd sup config management
pd SCCB participation pd other support
pd sup program mgmt pd sup monitor contracts
pd sup formulate policy pd sup quality assurance

clusterl 0.000 -1.000 -2.000 0.000 -1.000C -1.000 -1.000
ciuster} 0.000 0.000 0.000 0.000 1.000 0.000 0.000
clustery -8.000 -10.000 0.000 -§.000 -4.000 <-5.000 -5.000
ciuster? 0.000 1.000 -3.000 0.000 ©0.000 0.000 0.000
cluster153 2.000 3.000 2.000 4.000 5.000 £.000 1.000

Categories with High Positive
Residuals in Rank Order

Cluster 1

being trained 1.000 pd conduct req review 1.000
updat MIL STD specs 1.000 attend req review 1.000
prep temp eng rpt 1.500 system analysis 1.000
sales marketing 1.500 technical management 1.000
hardware testing 1.500 formulating strategy 1.000
prep vers descr mnls 1.500 preparing schedules 1.000
formuiating policy 1.500 technical management 1.000
prep test drivers 2.000 reviewing tech work 1.000
prep trouble reports 2.000 prep redlined docs 1.500
reading tech pubs 2.000 prep fld eng rpts 2.000
updat training man 2.000 other development 2.000
anal trouble rpts 2.000 monitoring contracts 2.000
conduct sup walkthru 2.000 quality assurance 2.000
attend support dr 2.000 prep mgmt info rpts 2.000
prep user manuals 2.000 SCCB participation 2.000
doc test results 2.000 formulation of policy 2.000
conduct support dr 2.000 sup quality assurance 2.000
attend sup walkthru 2.000 sup monitor contracts 2.000
documenting code 2.000 other support 2.000
defining test cases 2.000 library control 2,000
prep test plans 2.000 program management 2.000
preparing budgets 2.500 prep version audits 2.000
code patch 2.500 quality assurance 2.000
prep sys rqt docs 3.000 teaching 2.000
coding 3.000 sup program mgmt 2.000
system software test 3.000 sup technical mgmt 2.000
def stuff for own use 3.000 func system design 2.000
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contract negotiation
debug or modifying
def mod test cases
conduct design review
software module test
attenc cesignr review
code

conduct walkthroughs
attend walkthroughs
sucport analysis

def subsys interface
func module design
maint config orocs
tech advice to CCB
interv persornel

sup formulate policy
sup config management

support design
teaching

conduct suppert d4-
attend supdery dir
code pat:h

attend sup walkthru
cenduct sup walkthru
sup te:hnical mgmt
formuiating strategy
cther admin tasks
attend waikthroughs
sup cuality assurance
uodat -aining man
being trained

func system desi-,
func module design
def glob data strucs
def subsys interface
def stuff for own use
soding

debug or modifying

12962

3.000 g3
3.000 pd
3.000 pd
3.000 pd
3.000 ga
3.000 ga
3.000 g3
32.00¢ ga
3.00¢ Ga
3.000 pd
3.000 ca
3.000 pd
3.000 ga
3.23% ga
3.000 od
3.000 ga
3.000 ga

ga

pd

pd

pc

ga

pd

ga

ga

=d

ga

ga

92

Cluster 3

1.000 ga
1.000 ga
1.000 ga
1.000 ga
1.000 ga
1.000 ga
1.000 ga
1.500 ga
1.500 g3
2.000 ga
2.C00 ga
2.000 ga
2.000 93
<.000 ga
2,000 ga
2.000 ga
2.000 pd
2.000 ca
2,000 ga
2.000 ga
2.000 ga

formulating strategy
configuration mngmnt
Support design

design

def glob data strucs
other admin tasks
prep technical rpts
Frogram management
system software test
attend design review
sof tware module test
c¢onduct waikthroughs
PT~» sys rqt docs
coding

attend walkthroughs
maint config procs
def subsys interface
tech advice to CCB
support analysis

code

conduct design review
func module design
sup formuiate policy
def mod test cases
interv personnel

suz config management
debug or modifying
contract negotiation
def stuff for own use

doc test results
prep user manuals
prep test drivers
prep sys rqt docs
prep redlined docs
formulating policy
reviewing tech work
hardware testing
defining test cases
prep mgmt info rpts
reading tech pubs
tech advice to CCB
prep vers descr mnis
prep temp eng rpt
prep technical rpts
anal trouble rpts
technical management
updat MIL STD specs
formulating strategy
sales marketing
Program management

D~80

2.500
2.500
2.500
2.500
2.500
2.500
2.500
2.500
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.900
3.000
3.000
3.000
3.000
3.000
2.000
3.000
3.000
3.000

1.000
1.000
1.500
1.500
1.500
2,000
2,000
2.000
2.000
2,000
2,000
2.000
2.000
2.500
2.500
2.500
2.500
2.500
2.500
2.500
2.500
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ga
ga
ga
ga
ga
ga
ga
g2
ga
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configuration mngmnt
support analysis
system software test
def mod test cases
software module test
conduct walkthroughs
conduct req review
attend reqg review
system analysis
design

conduct design review
attend design review
code

other development
SCCB participation
formulation of policy
preparing budgets
other support

program management
quality assurance
monitoring contracts
sSup monitor contracts
prep version audits
library control
preparing schedules
prer fld eng rpts
prep test plans
documenting code
quality assurance
maint config procs
sup formulate policy
sSup program mgmt
interv personnel

sup config management
technical management
prep trouble reports
contract negotiation

technical management
preparing schedules
reviewing tech work
func system design
func module design
def glob data strucs
def subsys interface
def stuff for own use
coding

debug or modifying
prep sys rqt docs
system analysis

prep user manuals

1094-2

2.000 ga
2.000 ga
2.000 ga
2.000 ga
2.000 ga
2.000 ga
2.000 ga
2.000 ga
2.000 pd
2.000 pd
2.000 pd
2.000
2.000
2.500
2.500
2.500
2.500
2.500
2.500
2.500
2.500
2.500
2.50C
2.500
2.500
2.800
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
Cluster 4
1.000 gs
1.000 gs
1.000 gs
1.000 ge
1.000 g8
1.000 1]
1.000 g3
1.000 ]
1.000 gs
1.000 T
1.000 9
1.000 oa
1.000 ga

contract negotistion
maint config procs
prep test plans

prep trouble reports
quality assurance
documenting code
interv personnel
technical management
sup formulate potlicy
sup program mgmt

sup config management

program management
sales marketing
contract negotiation
formulating policy
formulating strategy
preparing budgets
interv personnel
attend sup walkthru
prep fid eng rpts
other admin tasks
tech advice to CCB
maint config procs
library contro!

0-81
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3.000
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3.000
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ga
ga
ca
ga
ga
G2
ga
ga
ca
pd
pd
pa
pd
pe
pd
pd
pd
pd

pd
ga
pd
pd

ga
ga
ga
ca
ga
gd
ga
ga
1A
5~
pd
ga

ga
-]
93
ga
ga
'] ]
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documenting code
defining test cases
prep test driverse
prep test plans
system software test
def mod test cases
ssfiware module test
¢oc test results
prep trouble reports
anal trouble rpts
conduct req review
attend req review
attend walkthroughs
design

conduc: design review
attend design review
code

conduct walkthroughs
technica! management
suppeort analysis
support design

prep redlined docs
cod: patch

SCCB participation

preparing budgets
prep mgmt info rpts
program managemanit
prep technica! -pcs
formulatirg = -ategy
SUp program mgmt
technical mznagenment
tech acvsice to (£CB
pren sys rct docs
=uz'ity assurance
otnar deve'opment
pranaring schedules
Sup mT ‘tor contracts
prep fld ang rots
program managemer
lidrary control

prep version audits
teaching

prso rediined docs
formulation of policy
mecnitoring contraces

129422

1.000 Qa prep version audits
1.000 €3 quality assurance
1.000 G2 drep t=mp eng rpt
1.000 G2 ored vers descr mnls
1.0C0 33 updat MIL STD specs
1.090¢ ga teaching
1.000 Sd updat training man
1.C0C Ga b~ing trained
1.000 pd other suppert
1.000 PO sup monitor contracts
1.000 pe sup auality assurance
1.000 pa formulatior of policy
1.000 pd su» orogram mgmt
1.002 pd =rogram management
1.0600 :d configuration mngmnt
1.000 pc quziity assurance
1.00C pc meonitoring contracts
1.000 pd other development
1.000 Bd ccnauct support dr
1.009 o¢ conduct sup walkthruy
2.000 Pd sup technical mgmt
2.500 pPd sup formulate policy
2.5C0 Pd sup config management
2.500 g2 prep mgmt info rpts

ga hardware testing

ca reading tech oubs

pd atiens support dr

pd formulating strategy

Ga prep technical rpts

Cluster 7

1.000 ga anal trouble rpts
1.000 Ga prep trouble reports
1.008 pd SCCB participation
1.C00 Ga def mod test cases
1.500 pd attend support dr
2.000 ga cocumenting code
2.000 pd attend design review
2.000 pd conduct design review
2.000 pd conduct walkthroughs
2.000 pd design
2.500 g8 software module test
2.500 pd support analysis
2.500 g2 prep test plans
2,200 pd attend walkthroughs
2.5 pd code patch
2.5350 ga func module design
2.500 ga def sucsys interface
2.500 Ga cef stuff for own use
2.500 ga debug or modifying
2.500 od system analysis
2.500 pd conduct support dr
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1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.00C
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
2.000
2.000
2.000
2.500
2.500
2.500
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quality assurance
reviewing tech work
other support

conduct req review
defining test cases
maint config procs
Prep vers descr mnls
func system design
interv personne)

Sup technical mgmt
sup formylate policy
fornulating policy
Sup config management
SUp quality assurance
contract negotiation
prep test drivers

other support

Sup monitor contracts
contract negotiation
sup config management
SCC8 participation
interv personnel

sup formulate policy
prep fld eng rpts
other admin tasks
tech advice to CCB
maint config procs
library control

prep version audits
reading tech pubs
quality assurance
prep redlined docs

10942

2.500 pd
2,500 pd
2.500 ga
3.000 ga
3.000 ga
3.000 ga
3.000 pd
3.000 ga
3.000 pd
3.000 pd
3.000 ga
3.000 pd
3.000 ga
3.000 ga
3.000 ga
3.000 pd
ga
ga
pd
93
ga
ga
ga
ga
pd
ga
ga
ga
ga
pd
pd
ga
pd
pd
Cluster 153
1.000 ga
1.000 ga
1.000 pd
1.000 ga
1.000 pd
1.000 ga
1.000 ga
1.000 ga
1.000 ga
1.000 ga
1.000 ga
1.000 g8
1.000 pd
1.000 ga
1.000 pd
1.000 pd

code

conduct sup walkthry
coding

hardware testing

System software test
reading tech pubs
attend req review
updat training man
technical management
configuration mngmnt
other admin tasks
formula:ing Strategy
Prep user manuals
uodat MiL STD specs
def glob data strucs
attend sup walkthry
being trained

Prep temp eng rpt
Support design

doc test resuits
Saies marketing
interv personnel
contract negotiation
maint config procs
Sup technical mgmt
prep test drivers
defining test cases
prep vers descr mnls
func system design
conduct req review
sup formulate policy
formulating policy
Sup config management
SUp quality assurance

debug or modifying
System gsoftware test
support design
defining test cases
code

func system design
fune module design
def glob data strucs
def subsys interface
def stuff for own use
coding

Prep test plans

code patch

Prep test drivers
attend walkthroughs
support snalysis

D-83

2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.500
2.500
2.500
2.500
2.500
2.500
2.500
2.500
2.500
2.500
2.500
2.500
2.500
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000
3.000

3.000
3.000

1.000

888

33343
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pd other cevelopment 1.000 ga prep sys rat docs 1.500
pd monitoring contracts 1.000 ga preparing budgets 2.000
pd sup program mgm¢t 1.000 pd conduct walkthroughs 2.000
pd cenfiguration mngmnt 1.000 ga def mod test cases 2.000
pd program management 1.000 pd conduct req review 2.000
pd formulation cf policy 1.000 ga software module test 2.000
pd sup quality assurance T.000 g3 prep trouble reports 2.000
pd quality assurance 1.0¢¢ pd tconduct design review 2.000
ga hardware testing 1.500 ga technical management 2.000
ga prep vers descr mnls 1.500 ga preparing schedules 2.000
pd formulating strategy 1.500 pd attend design review 2.000
pd sup technical mgmt 1.600 ga documenting code 2.000
ga prep temp eng rpt L.50¢ ga dc- test results 2.5C0
ga formulating policy ie00 p¢ attend support dr 2.500
ga formulating stratagy 1.500 32 anal troubl!e rpts 2.500
g2 sales marketiing 1.500 ga prep user manuals 2.500
ga program management 2.000 ga being trained 2.500
pd technica! management 2.000 ga prep technical rpts 2.500
ga prep mgmt info rpts 2.000 pd design 2.500
ga updat MIL STD specs 2.000 pd attend sup walkthruy 2.500
ga updat training man 2.000 pd conduct support dr 3.000
ga teaching 2.500 pd system analysis 3.000
ga reviewing tech work 2.500 pd atterd req review 3.000
pd cenduct support dr 3.000 nd conduct sup walkthru 3.000
pd conduct sup walkthru 3.C00

=2 system snaivs s 3.253

pd attend req review 3.000

{insert analysis summary here}
The support employees were clustered (see Appendix 3) into three
cl'usters, and these vere distributed according to the following table:

Cou~t Percent

clusterl 74 56.9
cluster? L3 33.1
clusterly 13 10.0

The foliowing median polish summarizes the properties of these clusters.

Analysis .° Clustering Based on Primary General
Activities and Princival Outiec of Support Empioyses

Effects and Typicais after Polishing
effects

common 2.200

1596=2 b-24
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clusterl

cluster?

clusteri)

ga program management
ga sales marxeting

ga contract negotiation
ga formulating policy
ga formulating strategy

ga
ga
ga
ga
ga
ga
g3
ga
ga
g2
ga
ga
ga
ga
ga
ga
f2
ga
ga
ga
ga
ga
ga
9a
ga
ga
ga
ga
g8
ga
ga
ga
ga
ga
ga
ga
ga
ga
ga
ga
ga
ga
pd
»d

preparing budgets
technical management
interv personnel
preparing schedules
prep mgmt info rpts
prep fld eng rpts
other admin tasks
tech advice to CCB
maint config procs
library control

prep version audits
quality assurance
prep temp eng rpt
prep technical rpts
reading tech pubs
reviewing tech work
tezching

updat training man
being trained

func system design
func module design
def glob data strucs
def subsys interface
def stuff for own use
coding

debug or modifying
prep sys rqt docs
updat MIL STD specs
prep redlined docs
prep vers descr mnls
prep user manuals
documenting code
defining test cases
prep test drivers
prep test plans
hardware testing
system software test
def mod test cases
software module test
doc test results
prep trouble reports
anal trouble rpts
conduct req review
attend req review

10%4-2

1.000
0.000
~1.000

~1.000
~1.000
~2.000
~1.600
~1.000
1.000
2.000
~2.000
~1.000
0.000
~2.000
~1.000
~1.000
~1.000
~1.000
~2.000
0.000
-1.000
0.000
0.0C0
1.000
1.000
-1.000
3.000
13.000
13.000
1.000
1.000
3.000
2.000
5.000
2.000
~2.000
0.000
~1.000
~1.000
2.009
4.000
0.000
4.000
-1.000
8.000
0.000
2.000
5.000
5.000
3.000
1.000
7.000

D-85
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pd system analysis 9.00¢C
pc design 11.¢c¢
PC co~duct cesign review 1.08¢
pc attenc design review 6.0CC
pd code 7.00C0
pd conduct walkihroughs 0.C00
pd attend walithroughs 3.00C
pd formulation of policy -1.%7¢
pc fcrmulating strategy =-1.0C¢
pd technical management 0.0080
pd program management =31.000

pd configuration mngmr: -
od quality assurance
pc monitoring contracts
pd ciher develo-ment

'
RIUT oo €1 0D v o

« . .

(o]

O

O

pd support anaiysis .000
pd support design Rolals]
pd conduct support dr 0.000
pd attend sugzort dr 5.C0C
pd code patch 3.000
pd conduct sup walkthry -1.002
Pd attend sup walkthru 2.C00
pe sup technical mgmt 0.000
Pd sup formulate policy =2.000
pd sup program mgmt =2.020
SCOSITT vt e =L,
pd sup config management 0.000
pd sup guality assurance C.C00
pd sup monitor contrac:s 1.009
pd other sunport =-1.000

Residuals after Polishing

§a coencract segotiation ga preparing budgets
ga su'es markeling ¢a formulating strategy ga interv personnel
§a progra” ~.nsgement ga formulating policy Ga technical management

cluster] =1.99¢ -2.000 -1.C00 -2,000 ~-1.000 -4.000 -3.000 -1.000

cluster? 0.000  0.000 0.009 0.000 ©€.000 0.000 0.000 0.000
clusteril 1.000  ©0.000 1.000 0.000 0,000 0.000 3.000 3.000

ga prep version audits

ga prep fld eng rpts ga maint config procs
ga orep mgmt info ropts g2 tech advice to CCB
Ga pr.daring schedules ga otrer admin tasks ga library control
cluster! ~1.000 <+82% -1l -2,000 -2.000 -1.000 -2.000 0.000
cluster? €.CC3  0.L00  2.000 1.000 1.000 0.000 ©0.000 0.000

clusterll 2.C020 0.000 1.220  0.000 0.000 0.000 1.000 1.000

e i e o
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ga quality assurance

cluster! -3.000 -1.000
cluster? 0.000 1.000
clusteriy 0.000 0.000

ga func module
ga func system design

clusterl 0.000 24.000
cluster? 0.000 0.C00
clusterl) -G.000 -11.000

ga prep
ga updat MIL STD specs
clusterl 0.000 0.000

cluster? 0.000 -1.000
clusterlly 2.000 0.000

ga prep technical rpts
ga prep temp eng rpt ga reviewing tech work

ga def glob data strucs

ga prep redlined docs

Page 85.

ga updat training man
ga reading tech pubs ga teaching ¢a being trained

-1.000 0.000 0.000 0.000 -2.000 0,000
2.0090 0.000 ~1.000 1.000 1.000 0.000C
0.000 4.000 6.000 -2.000 0.000 -2.000

ga coding
design ga def stuff for own use ga prep sys rqt docs
ga def subsys interface ga debug or modifying

20.000 24.000 36.000 $3.000 63.000 2.000
-1.000 0.000 0.000 0.000 0.000 -2.000
0.000 -3.000 -3.000 -3.000 -6.000 0.000

vers descr mnls ga defining test cases
ga documenting code ga prep test plans
ga prep user manuals ga prep test drivers

3.000 6.00C 3:1.000C 3.000 3.000 ¢£.000
0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 -2.000 -3.000 0.000 -3.000

ga def mod test cases ga prep trouble reports
ga system software test ga doc test results pd conduct req review

ga hardware testing

clusterl 0.000 19.000
cluster? 0.000 0.000
clusterly 1.000 =-6.000

ga software module test ga anal trouble rpts
24.000 39.000 7.000 1.000 7.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
0.0060 -1.000 -6.000 -4.000 0.000 4.000

pd attend walkthroughs

pd conduct design review pd conduct walkthroughs
pd system analysis

pd attend design review

pd attend req review pd design pd code

clusterl 0.000 0.000
cluster? -5.000 1.000
clusteril 3.000 0.000

43.000 19.000 30.000 58.000 9.000 15.000
0.000 -3.000 -1.000 €.0C00 0.000 -3.000
-8.000 0.000 0.000 -7.000 0.000 0.000

pd technical management pd quality assurance
pd formulating strategy pd configuration mngmnt pd other development

pd formulation of policy

cluster! -2.000 0.000
cluster? 0.000 -1.000
clusterll 2.000 0.000

1094-2

pd program management pd monitoring contracts
-1.000 -2.000 0.000 -2.000 -3.000 ©.000

0.000 0.000 1.000 2.000 0.000 3.000
4.00C 0.000 0.000 0.000 1.000 0.000
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Fage 86.

pd conduct suppert dr
pc sSupgort design

pd conduct sup walkthruy
cd ¢ooe rCatch pd sud technical! mgmt

pd suppcrt aha'lysis o attend sugpor: cr o3 attend sup walkthru
cluster] 1.000 13.000 0.C20 0.00C 16.220 1.000 0.000 0.020
cluster? 0.0°0 0.220 i.000 c.0%C a.¢20 0.200 €.20C ~2.000
clustariL =1.000 -2.060 ~-:.000 -2.00C ~-3.200 C.00C -2.90C0 1.600

pd sur ~on"ig maragement
pd SCCB periicipation
pd sup pbrogram mgmt

pd other support
pd sup moniter contracts

: od sup formuiate ceiicgy PC suo cua!l Tty 3ssurance
' clusterl  =1.000 ~-1.250 -1.300 0.603 =3.000 -4.000 -1.000
cluster] 0,009 0.000 c.5eCC .08 .080 0.CCo 5.000
clusteriy 1.0C0 2.000 0.20¢ €.09¢ c.o00 5.0C0 0.000
Categories with High Positive Categor.es with High Negative

Residuals in Rank Crger fesiduzls in Rank QOrder

! Civster 1
pd conduct walkthroughs 1.200 3a prcgram management 1.000
pd c¢cde patch 1.2C0 5é sa?es maresting 1.000
pd conduct sup walkthru 1.060 gz coni-act negot«a*von 1.000
27 osuInort Zesign L.t Tz e '="" soticy Loee
ga func module design 1.000 €3 ‘orﬂu gtlﬁg strategy 1.000
G2 def glot data strucs i.0Co ga& pracaring budgets 1.0C0
ga def subsys interface 1.2¢0 Gz technical maragement 1.C00
ga def stuff for own use 1.600 ga interv personnel i.000 }
ga coding 1.000 ga preparing schedules 1.270
ga dsbug or modifying 1.000 3a prep mgmt info rpts 1,864 '
ga preg sys rqat docs 1.002 ga prep *id eng rpts L-200 :
pd supsacrt analysic 1.008 cga othar aZmir tasks 1.000 \
ga prep vers descr unis 1.0c0 2 tech advica to CC3 1.200
ga prep user mrs Lls 1.900 ga maint config procs 1.000
ga documenting ccode 1.000 ¢z iibrary contre! i.000
ga defining test cases 1.C00 g3 Gguality assurance 1.000
Ga prep test driver 1.600 pd other sugport 1.000 :
¢a prep *2st plans 1.000 ga pras temp eng ropt 1.000 i
7 system scflware test 1.00% ga prep technicz) rpts 1.000 i
ga .cf med tes? cases 1.€30 sd S2C3 ge-ticipation 1.000 !
ga scfiwa~e maduie test 1.800 P¢ sup pragram mgot 1.000
ga doc *1st results 1.0C0 od suz Termuiate pelicy 1.0C0
ga prep . -ub'e regorts 1.00C pd ¢zrrulation of policy 1.000
g2 anai troutic -°s L.N3C pd quality assurance 1.000
pd attend walktnroo, o v.oo pd prog-am management 1.000
pd design 1.3°0 od techrical managsment 1.000
od conduc: dasign review 1.0C0 ga upcat training man 1.000
pd sttend design review 1.0C3 od monitoring contracts 1.000
gd scde 1.302 2¢ SCP MSNItor contracts 1.000
od z%land sus2otl ¢r 1.52¢ ¢ syl quziity assurance 1.000
BS @cienn sup walksihry 1. 520 22 sreld version audits 1.500
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formulating strategy
prep redlined docs
func system design
being trained
reviewing tech work
teaching

sup technical mgmt
attend req review
conduct support dr
sup config management

other support

prep technical rpts
prep temp eng rpt
updat training man
system analysis

tech advice to CCB
conduct support dr
other development
quality assurance
configuration mngmnt
other admin tasks
teaching

program management
preparing budgets
formulating strategy
func system design
formulating policy
sup quality assurance
sales marketing
quality assurance
being trained

prep mgmt info rpts
sup monitor contracts
maint config procs
SCCB participation
attend sup walkthru
attend support dr
def subsys interface
debug or modifying
documenting code
prep test plans
software moduie test
doc test results
prep trouble reports
def stuff for own use
design

code

1094-2

1.500 pd
1.500 ga
1.500 pd
1.500 pd
2.000 ga
2.000 ga
2.000 »d

configuration mngmnt
updat MIL STD specs
system analysis
other development
reading tech pubs
hardware testing
conduct req review

2.000 pd conduct support dr
2,000 pd sup technical mgmt
2.000 g2 teaching
ga reviewing tech work
pd sup config management
pd atiend req review
Cluster 7
1.000 ga prep sys rqt docs
1.000 pd attend req review
1.000 pd formulating strategy
1.000 pd sup techr cz! mgmt
1.000 pet cunduct Zesign review
1.000 ga def glob data strucs
1.C00 ga prep redlined docs
1.000 pd attend design review
1.000 ga reviewing tech work
1.000 pd attend waikthroughs
1.000 g2 prep version audits
1.000 pd conduct walkthroughs
1.500 ga def mod test cases
1.500 ga prep user manuals
1.500 »d conduct req review
1.500 ga prep vers descr mnls
1.500 ga anal trouble rpts
1.500 ga reading tech pubs
1.500 ga prep test drivers
1.500 pd conduct sup walkthru
1.500 ga updat MIL STD specs
1.5800 ga hardware testing
1.500 ga debug or modifying
1.500 ga def stuff for own use
1.500 ga def subsys interface
1.500 ga prep test plans
1.500 ga library control
2.000 ga prep fld eng rpts
2.000 ga func module design
2.000 ga technical management
2.000 ga contract negotiation
2.000 ga program management
2.000 ga doc test results
2.000 pd design
2.000 ga prep trouble reports
2.000 ga software module test
2.000 ga system software test
D-89
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1.500
1.500
1.500
1.500
1.500
1.500
1.500
2.000
2.000
2.000
2.000
2.000
2.000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
1.500
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
2.000
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ga
pd
ca
ga
pd
pd
92
pd
pd
ga
ga
pd
T

pd
ga

ga
ga
g9a
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library control
formulation of policy
prep flid erg rpts
oreparing schedules
technical management
monitoring c¢centracts
interv personnel
support analysis
support design
technical management
system sof tware test
code patch

defining test cases
sup formulate policy
sup program m3mt
cocing

sup config management
centract negotiation
func module design
program management

program management
conduct req review
csntract regotiatien
reviewing tech work
reading tech pubs

sup program mgmt
technical management
interv personnel
preparing schedules
sup formulate peclicy
prep fld eng rpte«

sup technical mgmt
monitoring ~=-.iracts
updat M!L ST, spsacs
library contro!l

orep version audits
techn’zal mapagement
formulaticn of policy
cttend reg review
hardware testing
formilating strategy
formu .ting strategy
formulating gatlicy
sales marxeting

maint config procs
prep redlined docs
program management
sSup monitor contracts
sup quality assurance
SCi2 oparticination

109642

pe
ga
ga

ga
pd
o4
¢
pd
pd
ga
ca
pa
od
od

Cluster 14

1.000
1.0600
1.3500
i.000
1.000
1.000
1.000
1.000
1.000
1.000
1.00C
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.5C0
1.500
i.220
1,62
1.500
1,500
1.530
1.500
1.500
1.5C0

ga
ga
ft
pa
ga
pd
ga
ga
ca
pd
ga
ga
ga
ga
pc
pd
pd
ga
ga
pd
ga
ga
ga
pd
pd

code

defining test cases
documenting code
formulation of policy
coding

technica! management
monitoring contracts
copport amalysis
support design

ccde patch

preparing schedules
interv personnel

sun formulate policy
suz program mgmt

suz config management

doc test results

sof tware module test
zLiend Sup wilxibhru
cede

teaching

coda patch

being trained

func system cdesign
func module design
attend support dr
def subsys interface
def stuff for own use
coding

debug or modifying
conduct support dr
support analysis
support design
documenting code
defining test cases
design

prep test plans
system software test
prep trouble reports
configuration mngmnt
other development
def mod test cases
anal trouble rpts
system analysis

prep test drivers
oreg user manua'ls

2.000
2.000
2.000
2.00C
2.000
2.000
2.000
2.000
2.000
2.00C
2.00C
2.960
2.000
2.000
2.00¢C
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ga preparing budgets 1.500 ga prep vers descr mnls 1.500
ga prep mgmt info rpts 1.500 pd conduct sup walkthru 1.500
ga quality assurance 1.500 pd conduct walkthroughs 1.500
ga def glob data strucs 2.000 ga other admin tasks 2.000
pd attend design review 2.000 ga tech advice to CCB 2.000
ga prep sys rqt docs 2.000 pd quality assurance 2.000
pd quality assurance 2.000 pd sup config management 2.000
ga tech advice to CCB 2.000 pd attend design review 2.000
g2 other admin tasks 2.000 pd conduct design review 2.000
ga prep temp eng rpt 2.000 ga prep sys rqt docs 2.000°
ga prep technical rpts 2.000 ga def giob data strucs 2.000
pd attend walkthroughs 2.000 ga updat training man 2.000
pd sup config management 2.000 ga prep technical rpts 2.000
pd conduct design review 2.00C ga prep temp eng rpt 2.000
ga updat training man 2.000 pd attend walkthroughs 2.000
pd other support 2.000 pd other support 2.000

Cluster | of the development employees is not strong on much except training and
is weak on technical management and adminisirative activities and duties. Clus-
ter 3 is strong on support design and coding and weak on document and report
preparation. These would be support designers. Cluster 4 is strong on design,
coding, and software work, weak on administrative and management activities and
sales. These would be programmer analysts. Cluster 7 is strong on budgets,
reports, and various management activites. It is weak on design and coding.
These would be lower-level administrators. Finally, cluster 153 is strong on
technical management, contracts, administration, and sales and weak on software
work. These would be lower-level technical manayement.

Support cluster 1 is strong on walkthroughs, analysis, testing, and coding;
it is weak on management, sales, and technical management. These would be the
maintenance/testing people, Cluster 7 is strong on most support duties and
quality assurance and weak on reviews, walkthroughs, and testing. These would
be general support personnel. Finally, cluster 14 is strong on management and
administrative activities but weak on software related duties and activities.

These would be low-level support administrators.

10942 D-91
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Conclusions

Two genera! conclusions come out of the single variable descriptions and
the two variable tables. First, there is a general tendency in the sample to-
ward development as opposed to support. Sacondly, people who have been in the
field longer tend to know more and tend to be in higher positions. The first
conclusion is moderately interesting, the second hardly surprising.

Experience with Ada seems so minimal at the current time that not much can
be said about the influences of the various methods of training or exposure,.
Design of Ada training programs should be targeted at the appropriate lack of
knowledge in the industry as currently structured.

The classification itself makes sense when compared to various parts of the
data. But the classification does little more than restate the obvious in that
it says peopie should be classified on the basis ci whether tney are in sugpor:
or development or whether they are managers, administrators, or others. The
methods used might aliow a more complete specification based on particular job
outputs, general activities, or principal duties. This specificity is somewhat
counterintuitive given the clustering level; that is, it doesn’t really make
sense to talk 2hcut the cluster categories in anything but the most genera!
terms (such as support management).

Last!y, it might well be that either the pecple responding to the survey or
the survey analyst or both have used the inherent classifications (sunport, de-
velopment, design methodologies, programming concepts, and so on) to interpret
the survey. This might explain the tendency to see things tending to divide up
that way. On the other nhand, the categories between these concepts are numerous
enough and the variation extensive enough to believe that specific conclusions

are relatively free from interpretive bias. But at the vaguest levels of

1094-2 D-92
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generalization--particularly the interpretation of the cluster categories--the
reduction in content might well be sufficient to allow the inherent categories
to reemerge, rendering the end product circular. This circularity might have
been aveoided by a survey format that imposed fewer assumptions about the world;
on the other hand, the assumptions that were present are not unreasonable. But
the reader should bear in mind the underlying bias due to the survey format when

interpreting the results.
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Appendix 1

Page 92.

Datasets, Attributes, and Possible Values

Attribute
Dataset Ada training

Ada training

id

Dataset conference role
conference role

id

Oataset experience area

experience area

id

Dataset general activities

activity

1094-2

Codes

other

seminar

in house cours:
videotape

other
speaker

other
educational
military

program management

prep test drivers
documenting code

prep version descr mnls
updating MIL STD specs
debugging or modifying
def stuff for own use
def global data strucs
func system design
updating training manual
reviewing tech work
prep technical rpts
qua'ity assurance
library control

tech advice to CCB
preparing fld eng rpts
preparing schedules
technical management
formulating strategy

D-%4

kit i dnadhBiohelins .

informal training
programmed learning
college course

attendee
organizer

statistical
embedded computer sys
comnmercial

prep test plans
defining test cases
prep user manuals

prep redlined docs

prep sys rqt docs

coding

def subsystem interface
func module design

being trained

teaching

reading tech pubs

prep temp eng change rpt
prep version audits
maint config procs

other admin tasks
preparing mgmt info rpts
interviewing personne!
preparing budgets
formulating policy

==
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id
importance

Dataset job history

Ada involvement

company

conference attendance
date of survey

id

Jjob level

job title

published or presented
rank

sector
technical reading extent

technical societies
years of involvement
years worked development

years worked support

Dataset job output

id
job output

1094-2

contract negotiation
hardware testing
defining mod test cases
documenting test results
analyzing troublie rpts

primary
marginal

Ada not known

had orientation to Ada
other
company
company
company
company
company
yes

ten
eight
six
four
two

high level mgmt
technical

yes

public

regularly

only as my job demands
other

no

less than two years
five to ten years
fess than a year
three to five years
less than a year
three to five years

STR analyses

redlined documentation
support test drivers
updated MIL STD spec
maintain config procs
updated user manuals
automated build systems
version descrip docs

Page 93.

sales marketing

system sof tware test
sof tware module testing
prep trouble reports

secondary

heard of Ada
Ada training

nine
seven
five
three
one

company
company
company
company
company
no

middle mgmt
entry level

no

private
occasionally
never

yes

two to five years
over ten years

one to three years
over five years
one to three years
over five years

temp ECPs

support test plans

tech advice to CCB
iibrary control

updated training manuals
STRs

management info reports
version audits

field engineering report support other

D-95
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Dataset methodologies

id

knowledge

methodo!ogy

1094-2

development other
interview sheets
milestone charts

cost data

integration plans
design specs

prog cdesign language
test drivers

harc soft tradeoff eval

used frequently

know concept

other Ada concepts

Ada information hiding
Ada elaboration

Ada generic prog units
Ada separate compilation
Ada entries

Ada task types

Ada visibility

Ada scope

Ada packages

Ada access types

Ada aggregates

Ada rec types discrim
Ada fixed pt types

Ada real types

Ada subtypes

Ada enumeration types
version number

loop invariants

data abstraction
strong typing
recursion

iteration

name visibility

data encapsulation
other prog constructs
exception handlers
goto statements
clusters modules package
functions

exit statements

if then else statements
blocks

formal actual params
global variabies
variant records

ranges

D-96
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correspondence
status reports
analysis reports
management plans
test plans
requirements specs
code

data flow diagrams

used moderately

heard of

Ada mutua! recursion

Ada context spec

Ada instantiation

Ada exceptions

Ada entry families

Ada rendezvous

Ada tasking

Ada short circuiting

Ada private types

Ada overloading

Ada allocators

Ada slices

Ada record types

Ada float point types

Ada derived types

Ada user defined types
other prog concepts

parameter binding

generics

type conversion

concurrency

conditional statements

static dynamic nesting

name scoping

importing exporting name

task coroutines

comments

stubs

return statements

procedures

ioop for while until

case statements

reserved words

local variables

object type dcls

records

typed pointers
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Dataset principal duties

id
principal duties

Dataset programming languages

id
language

proficiency

1094-2

B L

pointers

fixed point types
enumeration types

SADT

HIPO

Structured Design

N S Chapin Chart
Program Design !anguage
Structured Walkthroughs
Top Down Testing
Bachman Diagramming
Data Abstraction

other support

sup quality assurance
SCCB participation

sup policy formulation
attend sup walkthrough
code patch

conduct support dr
support analysis
monitoring contracts
configuration management
technical management
formulation of policy
conduct walkthroughs
attend design review
design

attend req review

Other
PPL

SAS

ECL
LISP
FORTH
XPL
MODULA
ALGOL
PASCAL
ASSEMBLER
FORTRAN
CMS 2
first

D-97
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user defined types
floating point types
PSL PLA

SREM

Jackson Design
Warnier Orr Design
Beamson Tabtes
Structured Programming
Top Down Design
Bottom Up Design
Entity Diagrams
other methodology

sup monitoring contracts
sup config management
sup program management
sup technical management
conduct sup walkthrough
attend support dr
support design

other development
quality assurance
program management
formulation of strategy
attend walkthroughs

code

conduct design review
system analysis

conduct req review

APL
PROTEGE
GPSS
SNOBOL
Ada

MMP
SI1MULA
RATFOR WATFOR WATFiV
BASIC
PLI
coBOL

c
JOVIAL
second
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Appendix 3
Cluster Trees

Cluster Tree Based on General
Activities, Principal Duties, and Job Outputs
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Cluster Tree Based on Principal Duties
and Primary General Activities for Development Employees

161 7006~.
0.747 160 7005~ '=ereeccmmmenna- .
0.608 159 7004~ [=-===-=-- .
0.646 154 6007-. |---" |
0.835 153 6005= '===mmcmmmcceec—an———a ’ '
0.380 98 LOL2~. |-
0.753 110 L068-.  |-------=- . |
0.785 83 4006~ '~-~ ' [ [ ;
0.671 26 2009- '~=m==mmmm . J 1 !
0.570 156 6010-. f===. 1 |
0.684 7 1031- '=-==-mocoae e
o.481 77 3119- 7'
0.620 94 4034~ [===-- . |
0.696 90 4027-.  [------- ' l |
0.759 31 2018-. |~==. | |
0.823 142 5063-. l ------- 4 l l ' l l
0.911 48 3032-'---. | | R
0.873 46 3030-'-. | [ | l
0.861 20 1091-. (===~ ’ I ' l
0.924 10 1064 '=====-=- ’ , | |
0.722 166 9004-.  |---' | '
0.759 95 4L035-. -—- | |
0.835 91 4L028-. |- L
0.949 60 3074~ ‘mm=-n . [ |
0.899 28 2013 '==----- " |
0.810 122 5011-. {==-. |
0.924 92 4032-'~===- . | I {
0.873 126 5024-~-. | === ’ l
0.949 50 3049- '--~=- o |
0.899 59 3072-. |-’ '
0.924 21 1094- '~~~ |
0.785 5 1016~ '--="' 4
0.557 73 3112-, -
0.785 72 3111 tmmame .
0.734 116 5001-. [===em=- .
0.886 37 3007- 'oc-cocnana- . |
0.785 123 5013-, |=~--- ?
0.823 143 5067-. |-
0.873 148 5072-. ===+ |
0.937 145 5069~ '======-- R |
0.886 137 5049-. L0
0.924 14k 5068-.  |--=-- o
0.962 58  3069-'---' P
0.848 117 5002-. [---*
0.937 106 4062~ '=~m=n=- e
0.886 70 3094-. f===’
0.924 42 3023='===-- !
0.797 85 4,008-. -
0.899 49 3042~ | ~====~~ . |
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0.873 101 LOL8-. |=====-- . |
0.937 35  3005-, |------- ,
0.962 15 1079-'-' |
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019210 81 hoo‘i-- l---o I ' v
0.962 39 3011-'===’ [ |
0.899 165 9002-., |- :
0.924 14 1078-, |==--" ,
0.949 12 1074='-"
0.810 76 3117-, |~=e=--- ’
0.848 9 1060- "===/ ,
0.709 112 4070-~. -
0.348 89 LO24~-. |===== .
0.5,7 38  3010-’------- _ | |
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0.949 32 2020-! |
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0.797 55 3063-. === Lo
0.861 105 L0EO-, |=====-- 4 | !
0’873 99 “okB-n - | I .
0.943 102 LOSI1-. === | | I
0.975 22 1100=-'-==" | | | i
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Cluster Tree Based on Principal Duties
and Primary General Activities for Support Employees

124 7013-.
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Supplement to Work Force Survey Report: i ]

Subclusters of Development and System Integration Categories
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Job Titles for the Development Clusters

!
Respondent Job Title Position in Hierarchy t
|
clusterl '
|
1001 Consultant technical i
3062 * & |
3025 Senior Engineer technical
L4007 Staff Consultant technical
3024 R&D Engineer technical |
4005 Programmer Analyst technical
4063 * *
3120 Programmer technical !
3085 Senior Engineer technical
:
f
;
1094-2 D-115
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:

cluster1§3

7006 Computer Specialist

7005 Computer Specialist

7004 Computer Specialist

6005 *

6007 Computer Scientist
1294-2
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technical
technical

technical
%

technical
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cluster)d

3078
1082
4045
5031
5048
5074
5060
3077
3113
4058
4023
3114
3080
2014
1012
3086
4015

RED Engineer
Senior Software Engineer
Senior Analyst

*

*
Programmer

*
Senior Software Engineer
Software Engineer

*
Senior System Analyst
Software RED Engineer
Senior Engineer
Supervising System Analyst
Software Design Specialist

%
Senior Programmer Analyst

10942

technical
technical
technical
*
*
technical
*
technical
technical
*
technical
technical
technical

middle_mgmt

technical
%

technical

D-117
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clustery
2007 Senior Scientific Programmer technical
2016 Scientific Programmer technical
1080 Senior Software Engineer technical

2018 Prirnciple Scientific Programmer technical I
2020 Principle Scientific Programmer technical

1094 Software Engineer technical
1074 Software Design Specialist technical
70:0 <Computer Specialist technical
3C15 Engineer technical
i 3018 Senior Engineer technical
3 1016 Software Engireer technical
- 1090 System Engineering Specialist t2chnical
: 3001 Junior Progranmuner entry_level
3028 Digita! Signal Processing technical
3030 * *
: 3031 ReD Engineer technical
! 3032 Engineer technical
5067 * *
3049 Junior Programmer entry_level
3051 Advanced Development Engineer technical
3052 Engineering Specialist technical
3054 * *
3042 R&D Engineer technical
3063 Programmer Analyst technical
3065 Programmer technical i
3068 R&D Engineer technical
3063 Senior Engineer technical
3072 Software Engineer technical ;
3074 Engineer technical i
3011 Software R&D Engineer technical
3010 Communications Software technical
3007 Advanced R0 Engineer technical
i 3006 Supervisor middle_mgmt i
$ 3005 Senior Soitware tngineer technical !
i 3087 RED Engineer technical :
] 3089 Research Engineer technical |
i 3091 Software Engineer technical i
! 3093 Zngineering Specialist technical
: 2011 ©Data Processing Consultant technical |
3109 RED Engineer technical !
5i11 Senior Engineer technical
2002 Programmer technical
, 200! Senior Programmer technical
| 1100 Ingineer technical
3117 Engineering Specialist technical |
3119 R&D Enginee. technical :
1084 Software Design Specialist technical J
3122 b b
1075 Software Design Specialist technical
400L Programmer Analyst technical
1072 ® *
L4033 Consultant technical
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1029 Software Design Specialist

4008

1014 Senior Software Engineer
4016 Senior Programmer Analyst

*

technical
*

technical
technical

1004 Engineering Software Supervisor middle_mgmt

4024 Programmer Analyst

4027 Senior GS Analyst

4028 Principle Programmer Analyst

4032 Analyst

4034 Government Program Analyst
4035 Government Program Analyst
L036 Principle Programmer Analyst

8004 Team Leader

7011 Computer Specialist

LO43
4002 Programmer

LOLS Principle Programmer Analyst
4051 Firmware Design Engineer

4056 System Analyst
3112 Consultant

LO60 Principle Engineer
4062 Senior Programmer Analyst

%

3094 Software Engineer

L065 Programmer

4,067 Programmer Analyst
1091 System Design Specialist
4363 Associate Programmer Analyst

LO70 Programmer

4073 Programmer Analyst

L4075 Senior Engineer

4076 Quality Assurance Engineer

5001 *
5002 *
5004 *
5005 *
5007 *
5008 Diagnostic Software
5011 *
5013 *
5016 *
5021 *
5024 *
5026 *
3023 *
5032 %
5036 *
5037 *
5038 *
5043 *
5045 *
5047 *
3004 Research Enginee
5049 *
5052 *
1094-2

r

technical
technical
technical
technical
technical
technical
technical
middle_mgmt
technical

%
technical
technical
technical
technical
technical
technical
technicai
technical
technical
technical
technical
entry_tevel
technical
technical
technical
technical

*

*

*

%

*

technical
*

B N B BN NN NN

*

technical
*
*

0-119

|
I
]
i
|




5053
5057
2013
5063
5080
5068
5069
5070
5071
5072
9005
5078
1052
6004
1079
1078
6009
6011
7001
1064
1060
9004
9006

*
®

Frinciple Scientific Programmer
*

P B N

*

Electrical Engineer

®
Senior Engineering Specialist
Project Leader
Senior Softwarz Engineer
Senior Engineer
Electronic Technician
Electrical Engineer
Computer Specialist

*
Software Engineer
Electrical Engineer
Electrical Engineer

%
*

technical
*

%* % N N %

*

technical

*
technical
middle_mgmt
technical
technical
entry_level
technical
technical

*
technical
technical
technical




v b b

[y

cluster?

6010 Electrical Engineer

2008 Project Supervisor

1031 Software Design Specialist
LOL2 Principle Systems Analyst
LOO6 Senior Applications Analyst
4068 Consultant

1094-2
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technical
technical
technical
technical
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Respondent Job Title Position in Hierarchy
clusterl
1007 Senior Software Engineer technical
1010 Software Engineer technical
1015 Software Engineer technical
1017 Software Engineer technical
1026 Software Design Specialist technical
1040 Software Design Specialist technical
5009 * *
5010 x ®
1044 Software Engineer technical
4009 Consultant technical
6008 Computer Scientist technical
1048 Software Engineering Specialist technical
1045 Software Design Specialist technical
5077 * x
5075 * %
1055 * %
5073 X *
1058 Associate Engineer entry_leve!
3104 Software Engineer technical
5065 % *
1077 Electrical Engineer technical
5064 * b
5062 * %
2003 Scientific Programmer technical
5056 ® *
5044 Programmer technical
3003 Software Engineer technical
5042 * *
3012 Senior Engineer technical
3014 Softwz2r2 Engineer technical
3020 P50 Engineer technical
3027 Engineering Specialist technical
3033 Senior Engineer technical
3035 Senior Engineer technical ;
5041 Programmer technical
3037 Software Engineer technical
5040 * % ;
5032 * * ]
3043 Jenior Engineer technical ’
5028 * x -
3045 % %
3046 Software Engineer technical
3047 & % .
3048 Software Engineer technical i
3050 R&D Engineer technical
3053 Senior Software Engineer technica)
3059 Senior Engineer technical
i094-2 D-122

Job Titles for the Support Clusters




3064 Software Engineer technical
3066 Senior Software Engineer technical
3067 Software Engineer technical
5027 * *
3073 Software Engineer technical
3075 Software Engineer technical
3076 * * .
5025 ] *
3084 Software Engineer technical
5022 * *
3092 Senior Engineer technical
3099 Advanced Research Engineer technical
4LOL0 System Programming Analyst technical
3106 * *
3107 Engineer technical
3110 Senior Software Engineer technical
3115 Software Engineer technical
3116 Engineer technical
3118 Engineer technical
3121 Software Engineer technical
5020 * *
5019 * %
4071 Programmer technical
4059 Programmer Analyst technical
4022 Programmer technical
4031 Principle Programmer technical
4053 Programmer Analyst technicai

1094-2 0-123
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clusterly

7003
7007
7013
1065
4021
LO64
4054
7015
7014
5066
1053
1050
3071

Programmer
Computer Specialist
Computer Specialist
Engineering Manager
Associate Applications Analyst
Manager, Software Development
Programmer Analysi
Computer Specialist
Computer Specialist

*
Software System Engineer
Software Design Specialist
Senior System Engineer

technical
technical
technical
high_level_mgmt
entry_level
middle_mgmt
technical
technical
technical
*

technical
tachnical
technical

iC94-2 D-124
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cluster?
LO57 Programmer technical
4019 Analyst technical
L4074 * *
LO18 Electrical Engineer technical
LO12 Principle Programmer Analyst technical
4001 System Engineer technical
3088 Senior Engineering Specialist technical
3081 Software Engineer technical
5015 * *
5014 * *
LO13 Software System Programmer technical
5039 * *
5006 * ®
3036 * *
3008 Programming Aide entry_level
2023 Associate Scientific Programmer entry_level
5046 *
5050 % *
5055 * *
2017 Senior System Analyst technical
5059 * *
1096 Software Design Specialist technical
1087 Software Engineering Specialist technical
1076 Software Engineer technical
3038 Software Engineer technical
10567 Principle Engineer technical
3039 * *
3044 Software Engineer technical
5079 * *
6003 General Engineer technical
6006 Software Quality Assurance technical .
1046 Software Engineer technical '
7002 Computer Specialist technical
1045 Software Engineer technical
1043 Senior Dynamics Engineer technicail :
7012 Computer Specialist technical !
1043 Software Design Specialist technical {
5003 * * f
4077 Engineer technical i
8001 Computer Systems Analyst technical }
8002 Software System Analsyt technical l
8005 Computer Specialist technicatl ‘
9003 Mathematician technical i
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Support Clusters

counts
years of involvement
five to ten years
two to five years
less than two years over ten years

clusterl 13.000 32,000 14.000 14.000 73.000
cluster? 7.000 10.000 8.000 18.000 43.000
clusteriy 2.000 2.000 2.000 7.000 13.000

22.000 42,000 24.002 38.000 129.000

counts row pct
years of involvement

five to ten years

% two to five years
less than two years over ten years
clusterl 17.808 43.836 19.178 19.178 100.000
clusctes? 18.27¢% 23.23¢8 22,8053 21.860 100.000

clusterld 15.385 15.385 15,385 S3.846 100.000
17.054 34.109 18.605 30.233 100.000

counts column pct
years of involvement

five to ten years
two to five years

less than two years over ten years
cluster? 59.091 72.727 58,333 35.897 56.589
~luster? 31.818 22,727 33.333 46.154 33.333
ciusterld 9.091 4.545 8.333 17.949 10.078

100.000 100.000 100.000 100.000 100.000

counts table pct
years of involvement
five to ten years

two to five years
less than two years over ten yvears
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clusterl 10.078 24.806 10.853 10.853 56.589
cluster? 5.426 7.752 6.202 13.953 33.333
clusterld 1.5590 1.550 1.550 5.426 10.078

17.054 34.109 18.605 30.233 100.000

et i Wtk
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Development Clusters

counts
years of involvement
five to ten years
two to five years
less than two years over ten years

clusterl 1.000 4.000 0.000 4.000 9.000
cluster3 2.000 7.000 3.000 5.000 17.000
clusterd 10.000 36,000 29.000 54.000 129.000
cluster? 0.000 0.000 1.000 5.000 6.000
clusterl53 0.00C J.000 1.000 4.000 5.000

13.000 47.000 34.000 72.000 166,000

counts row pct
years of involvement

five to ten years
two to five years

less than two years over ten years
d cluster
clusterl 11,111 44.484 0.000 44,444 100.000
cluster3 11.765 41.176 17.647 29.412 100.000
clusterd 7.752 27.907 22.481 41,860 100.000
cluster? 0.12¢0 0.000 16.667 83,333 100.000 ‘

clusterl53 0.000 0.000 20.000 80.000 100.000
: 7.831 28,313 20.482 43,373 100.000 1

counts colum- nct

years of involvement R

five to ten years
two to five years

less than two years over ten years
d cluster
Clusterl 7.692 8.511 0.000 5,556 5.422
clusterl 15,385 14,894 8.824 6.944 10.241
clusterd 76.923 76.5%6 85.294 75.000 77.711
cluster? 0.22C 0.0092 2,941 6.944 3.614 ‘
clusterl53 0.00u 0.000 2.941 5.556 3.012 {

100.000 100.0CO 100.000 100.000 100.000

courts table pct
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clusterl
cluster3
clusterd
cluster?
clusterl53

1094-2

two

0.602
1.205
6.024
0.000
0.000
7.831

years of involvement

five to ten years
to five years

less than two years

2.410
4.217
21.687
0.000
0.000
28.313

over ten years

0.000
1.807
17.470
0.602
0.602
20.482

D-129

2.410
3.012
32.530
3.012
2.410
43,373

5.422
10.241
77.711

3.614

3.012

100.000




Development Clusters !

cluster3 cluster? |
clusterl clusteré clusteris3 h
language 17
JOVIAL 2 3 25 0 1 31 |
CMS_2 2 6 44 1 1 54 ’
C 0 1 15 0 0 16 {
FORTRAN 8 15 123 6 5 157 '
COBOCL € 8 68 3 4 89 :
ASSEMBLER 7 16 122 5 5 155
PLI 1 6 67 2 3 79
PASCAL 5 13 64 3 1 86 ]
BASIC 7 10 82 4 3 106
ALGOL 3 2 29 1 1 36
RATFOR_WATFOR_WATFIV 2 5 33 1 2 43
MODULA 0 0 3 o] 0 3
SIMULA 0 1 3 0 0] 4
XPL 0 0 4 1 0 5
MMP 0 0 0 0 0 0
FORTH 1 0 8 0 0 9
Ada 1 10 28 2 1 42
LISP 2 4 26 0 0 32
SNOBOL 2 4 25 0 0 31
ECL 0 0 0 1 0 1
GPSS 1 2 15 0 1 19 i
SAS +] ¢] 1 0 0 1
PROTEGE 0 0 0 0 0 0 ‘
PPL 0 0 0 0 0 0 :
APL 4 4 32 1 1 42 i
Other 2 3 36 1 1 43 J
56 113 853 32 30
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Support Clusters

cluster?
clusterl clusterid

language
JOVIAL 12 6 1 1
CMS_2 21 i4 2 37 .
C 4 2 2 8 A
FORTRAN 68 40 11 119
COBOL 31 20 6 57
ASSEMBLER 63 38 7 108
PLI 44 17 4 65
PASCAL 41 16 4 61
BASIC 44 27 8 79
ALGOL 17 4 2 23
RATFOR_WATFOR_WATFIV 21 8 2 31
MODULA 1 1 0 2
SIMULA 2 0 0 2
XPL 2 0 o 2
MMP o] 0 0 0
FORTH 6 4 1 11
Ada 11 14 3 28
LISP 12 4 1 17
SNOBOL 15 [ 1 22
ECL 1 0 0 by
GPSS ] 7 2 18
SAS 2 2 0 4
PROTEGE 1 0 0 1
PPL 0 0 0 0
APL 25 12 1 38
Other 13 7 6 26

466 249 64 779
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Table of Development Clusters versus Methodology versus Knowledge

Clus=-er:

clusteril 3

knowledge J

used freguently
know concept
heard of used moderately

methodology 3
PSL PLA |
SADT
SREM
HIPO

Jackson Design
Structured Design
Warnier Orr Design
N S Chapin Chart
Beamson Tables
Program Design language
tructured Programming
Structured Walkthroughs
Top Down Design
Tap Dewn Tasting
Bottom Up Design
Bachman Diagramming
Entity Diagrams
Data Abstraction
other methodology
enumeration types
floating point types
fixed point types
user defined tvoes
pointers
typed pointers

rangeas

records
variant records

~bject type dcls
g:ousal variables

local variables

formal actual params
reserve. words

locks
case statements

if then else statements
loor for while until
exi: statements
prccedures

functions

recuyrn statements
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clusters modules package
stubs

goto statements
comments

exception handlers
task coroutines

other prog constructs
importing exporting name
data encapsulation
name scoping

name visibility

static dynamic nesting
iteration

conditional statements
recursion

concurrency

strong typing

type conversion

data abstraction
generics

loop invariants
parameter binding
version number

other prog concepts

A enumeration types
Ada user defined types
Ada subtypes

Acda derived types

Ada real types

Ada float point types
Ada fixed pt types

Ada record types

Ada rec types discrim
Ada slices

Ada aggregates

Ada allocators

Ada access types

Ada overloading

Ada packages

Ada private types

Ada scope

Ada short circuiting
Ada visibility

Ada tasking

Ada task types

Ada rendezvous

Ada entries

Ada entry families

Ada separate compilation
Ada exceptions

Ada generic prog units
Ada instantiation

Ada elaboration

Ada context spec
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Ada information hiding
Ada mutual recursion
other Ada concepts

cluster3

methodology

PSL PLA

SADT

SREM

HIPO

Jackson Design
Structured Design
Warnier Orr Design

N § Chapin Chart
Beamson Tables
Program Design language
Structured Programming
Structured Walkthroughs
Top Down Design

Top Down Testing
Bottom Up Design
Bachman Diagramming
Entity Diagrams

Data Abstraction
other methodology
enumeration types
floating point :ypes
fixed point types
user defined -ypes
pointers

typed pointers
ranges

records

variant records
opjzct type dcls
global variables
local rrariables
formal «>tual params
reserved words
blocks

case statements

if then else statements
loop for while until
exit statements
procedures

functions

1094-2

1 1 0 1

0 1 0 1

0 o 0 0
knowledge

used frequently

know concept
heard of used moderately
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return statements
clusters modules package
stubs

goto statements
comments

exception handlers
task coroutines

other prog constructs
importing exporting name
data encapsulation
name scoping

name visibility

static dynamic nesting
iteration

conditional statements
recursion

concurrency

strong typing

type conversion

data abstraction
generics

loop invariants
parameter binding
version number

other prog concepts

A enumeration types
ACa user defined types
Ada subtypes

Ada derived types

Ada real types

Ada float point types
Ada fixed pt types

h¢a record types

2ds rec types discrim
&da slices

Ada aggregates

Ada allocators

Ada access types

Ada overloading

Ada packages

Ada private types

Ada scope

Ada short circuiting
Ada visibility

Ada tasking

Ada task types

Ada rendezvous

Ada entries

Ada entry families

Ada separate compilation
Ada exceptions

Ada generic prog units
Ada instantiation

Ada elaboration
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—

Ada context spec 3 4 0 0
! Ada information hiding 2 10 0 0
Ada mutual recursion 5 5 0 0
other Ada concepts 0 0 0 0
:
cluster4
[
knowledge *
used fregquently 1
know concept 1
heard of used moderately i
methodology
PSL PLA 16 20 7 0
SADT 5 3 7 0
SREM 3 8 1 1
HIPC le 44 26 S
Jackson Design 11 10 5 6
Structured Design 5 13 34 71
Warnier Crr Design 13 14 2 3
N § Chapin Chart 13 12 6 1
Beamson Tables 3 1 1 0
Program Design language 5 32 25 51
Structured Programming 0 9 30 90
Structurad Yalkthroughs $ 35 &z 37
Top Down Design 1 8 32 86
Top Down Testing 4 28 37 55
Bottom Up Design 6 53 39 19
Bachman Diagramming 6 7 1 1
Entity Diagrams 7 6 0 1
Data Abstraction 14 34 15 10
other methodology 0 0 0 3
enumeration types S 26 17 18 j
floating point :zypes 3 22 40 61 ‘
fixed point %tyves 2 11 27 83
user defined cypes 6 28 34 43 1
pointers 2 16 31 74 |
typed peinters 10 26 20 34 :
ranges 5 27 28 49 4
racords 2 19 34 70 "
vaciant records 12 29 21 28 ]
object type dcls 5 27 29 47 !
global variables 2 7 23 96 |
local v.-iables 2 9 20 97 |
formal actual sarams 7 7 25 70
reserved words 3 17 25 82
blocks 1 17 29 70 *
case statements 4 12 30 77
if then else statements 1 7 23 98
loop for while until 1 9 26 93
exit statements 1 27 35 64
procedures 2 8 25 94
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functicns

return statements
clusters modules package
stubs

goto statements
comments

excepticn handlers
task coroutines

other prog constructs

importing exporting name

data encapsulation
name scoping

name visibility
static dynamic nesting
iteration

conditional statements
recursion

concurrency

strong typing

type conversion

data abstraction
generics

loop invariants
parameter binding
version number

other prog concepts

A anumeration types
Ada user defined types
Ada subtvpes

Ada derived types

Ada real types

Ada float point types
Ada fixed pt types
Ada record types

Ada rec types discrim
Ada slices

Ada aggregates

Ada allocators

Ada access types

Ada overloading

Ada packages

Ada private types

Ada scope

Ada short circuiting
Ada visibility

Ads tasking

Ada task types

Ada rendezvous

Ada entries

Ada entry families

Ada separate compilation

Ada exceptions
Ada generic prog units
Ada instantiation

1094-.2

OWOWRHROOWANEL

10 31 87
9 1 95
25 32 48
19 33 57
22 36 70
6 17 105
33 29 47
36 27 41
0 0 0
11 5 9
26 21 20
19 9 25
23 6 21
24 15 23
14 33 75
5 25 95
35 45 37
42 28 27
29 17 19
27 30 36
36 15 21
<8 15 11
23 16 13
26 14 11
20 27 45
0 0 yi
33 7 7 } 4
45 8 12 |
31 7 5
22 7 3
47 13 17
51 13 20
50 9 24
43 11 17
24 3 4 |
15 6 4
16 2 3
19 2 3 :
27 3 6 i
24 3 3 !
37 6 3 }
33 5 2
37 4 6 f
17 2 1 !
33 6 3 !
40 5 11 1
31 3 5 |
31 2 2 :
32 3 9
12 2 1
49 6 16
38 6 10
26 5 2
19 1 3 4
D-137




Ada elaboration 9 18 2 2
Ada context spec 14 23 bt 3
Ada in‘o*n=tien hiding 19 28 K L
Ada mutual racureln L3 22 Z Z
other Ada ccncexn=n N 2 a z
cluster?
inowledg
use¢d Ireguently
Rhow concept

heard o used moderately
rmethodology
PSL PLA i 2 0
SADT 0 0 ¢
SREM < 3 ¢
HIPC l l p
Jackson Design o C 1
Structured Design ¢ 0 3
Warnier Orr Design 2 Q ¢
N S Chapin Chart ¢ 4] G
Beamson Tables ¢ ] 0
Program De51gn -anguace 0 4 ) -
O\-hh—C.uLeU L'.vg.c;¢.. -:EC ~ : .
Structured dalk*hrouaxs 0 3 3
Top Down Design 0 T 2
Top Down Testing c 2 ¢
Bottem Up Design 0 3 J
Bachman Diagramming 8 0 R
Entity Diagrams ¢ 2 0
Data abstraction ; 2 3
other ﬁetbodolccy 2 <
enunerazzﬂn LY-rg : z
fJ-vc. d . o
fived 3 b
user g

racords
o2j2ct “yre dcls
clobal ,ariables
local variablcs
formal actual pa.ams
reserved words
blocks

case statements

if then else statements
ioop for while until
exit statemencs
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procedures
functions
return statements

clusters modules package

stubs

goto statements
comments

exception handlers
task coroutines

other prog constructs

importing exporting name

data encapsulation
name scoping

name visibility
static dynamic nesting
iteration

conditional statements
recursion

concurrency

strong typing

type conversion

data abstraction
generics

loop invariants
parameter binding
version number

other precg ccncepts

A enumeration types
Ada user defined types
Ada subtypes

Ada derived types

Ada real types

Ada float point types
Ada fixed pt types
Ada record types

Ada rec types discrim
Ada slices

Ada aggregates

Ada allocators

Ada access types

Ada overloading

Ada packages

Ada private types

Ada scope

Ada short circuiting
Ada visibility

Ada tasking

Ada task types

Ada rendezvous

Ada entries

Ada entry families

Ada separate compilation

Ada exceptions
Ada generic prog units
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"!!!!llIllIllIllllllllllllllIllllllllll.lllll-"-'-""""':r"“"‘

Ada instantiation 1 bl 0 0
Ada elaboration 1 1 0 0
Aéa context spec 1 0 1 0
Ada information hiding 1 0 b 0
Ada mutual recursion 1 1 0 0
other Ada concepts 0 0 0 0
clusterl53
knowledge

used frequently
know concept

hearé of used moderately
methodology
PSL PLA
SADT
SREM
HIPO
Jackson Design
Structured Design
Warnier Orr Design
N S Chapin Chart
Beamson Tables
Program Design language
Structured Programming
Structured Walkthroughs
Top Dewn Design
Top Down Testing
Bottom Up Design
Bachman Diagramming
Entity Diagrams
Data Abstraction
other methodology
enumeraticn :-pes
floating point types
fixed point types
user defined types
pointers
~~ped pointers
rangas
recnrds
variar.: records
object iype dcls
global variab.2s
local variables
formal ectual params
reserved words
blecks
case scatements
if ther else gtatements
loop for while until

0000000 OOOOAOHOOOOOOHOOQOUUOOOrHOTOOOHTIOOO
FPOOOOHMPRPIMOOOOOHQORRFRPROOORRPRRPPODOORPROWHOR
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exit statements
procedures
functions
return statements
clusters modules package
stubs
goto statements
comments
exception handlers
task coroutines
other prog constructs
importing exporting name
data encapsulation
name scoping
name visibility
static dynamic nesting
iteration
conditional statements
recursion
concurrency
strong typing
type conversion
data abstraction
generics
lcop invariants
parameter binding
version number
other prog concepts
A enumeration types
Ada user defined types
Ada subtypes
Ada derived types

- Ada real types
Ada float point types
Ada fixed pt types
Ada record types
Ada rec types discrim
Ada slices
Ada aggregates
Ada allocators
Ada access types
Ada overloading
Ada packages
Ada private types
Ada scope
Ada short circuiting
Ada visibility
Ada tasking
Ada task types
Ada rendezvous
Ada entries
Ada entry families
Ada separate compilation
Ada exceptions
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Ada generic Prog units
Ada instantiation

Ada elaboration

Ada context spec

Ada information hiding
* Ada mutual recursion
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other Ada concepts
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Q,LMP ? AT

Cluster:
clusterl
knowledge
used moderately
know concept
heard of used freguently

methodology
PSL PLA 7 14 1 t]
SADT 6 3 0 0
SREM 5 1 0 0
HIPO 6 19 12 3
Jackson Design 4 3 2 1
Structured Design 2 10 19 36
Warnier Orr Design 6 6 3 0
N § Chapin Chart 3 7 3 1
Beamson Tables 0 0 0 0
Program Design language 7 15 12 29
Structured Programming 2 5 10 56
Structured Walkthroughs 8 15 26 11
Top Down Design 1 S 18 43
Top Down Testing 3 20 24 17
Bottom Up Design 3 32 12 11
Bachman Diagramming 1 2 0 1
Entity Diagrams 0 2 0 1
Data Abstraction 6 8 5 4
other methodology 0 0 0 1
enumeration types 5 11 s 1
floating point types 1 10 19 49
fixed point types 0 5 18 45
user defined types 2 16 13 30
pointers 1 9 16 46
typed pointers 5 16 10 16
ranges 4 17 15 26
records 2 13 19 35
variant records S 17 11 14
object type dcls 2 13 18 26
global variables 0 3 11 58
iocal variables 0 2 10 61
formal actual params 3 7 14 38
reserved words 1 11 10 44
blocks 2 i1 12 42
case statements 2 9 1 48
if then else statements 0 6 9 58

y loop for while until 0 6 10 57
exit statements 0 16 17 39
procedures 1 2 14 53
functions 0 4 15 52
return statements 0 3 12 57
clusters modules package 4 10 18 25
stubs 1 18 13 20
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goto sta-ements
commerits

exception handlers
task coroutines

other rrog constructs
importing exporting name
data encapsulation
name scoping

name visibility

static dynamic nesting
iteration

conditional statements
recursion

cecncurrency

strong typing

type conversinn

data abstracticn
generics

locp invariants
parameter binding
version number

cther prog concepts

A enumeration types
Ada user defined types
ACa subtypes

Ada cerived types

ASe rzal types

Ada float point types
ada fized pt types

AcCa record types

Ada rec types discrim
Acda slices

Ada aggregates

Ada allocators

Ada access types

Acda overloading

Ada packaces

Ada privare types

Acda scope

Ada chor* circuiting
Ada vie bility

*3a ‘asking

rww T2SK types

Acdas :randezvous

Ada wosries

Ada en..; families

Ada separa:vz compilation
Ada excepticns

Ada generic prog un:its
Ade instanciation

Ada elaboraticn

Acda ccnzext spec

Ade information hiding
AZa mua:tual recursion
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other Ada concepts 1 0 0 0
f cluster?
{ knowledge
used moderately
know concept
heard of used frequently

methodology

PSL PLA 6 11 2 0

SADT 2 2 4 0

SREM 3 3 1 0

HIPO 7 9 10 2

Jackson Design 3 2 0 0

Structured Design 1 8 14 13

Warnier Orr Design 4 3 1 0

N S Chapin Chart 2 2 0 0

Beamson Tables 1 1 0 0

Program Design language 7 11 12 5

Structured Programming 0 9 16 18

Structured Walkthroughs 2 14 10 11

Top Down Design 0 6 20 16

Top Down Testing 1 17 10 9

3cttom Up Design 4 18 5 4

Bachman Diagramming 1 3 0 0

Entity Diagrams 0 2 1 0 ,
Data Abstraction 2 7 6 0 '
other methodology 0 0 0 0

enumeration types 5 4 9 5

floating point types 1 9 21 11

fixed point types 1 6 19 14

user defined types 5 7 12 7

pointers 1 7 17 13

typed pointers 7 11 6 6

ranges 5 8 14 7

records 2 8 15 15

variant records 3 9 8 6

object type dcls 5 10 13 10

global variables 1 3 20 18

local variables 1 3 19 20

formal actual params 4 9 S i2

reserved words 0 7 14 16 i
blocks 0 9 18 9 :
case statements 2 4 17 15 1
if then else statements 0 2 16 24

loop for while until 0 5 16 20

exit statements 0 5 19 15

procedures 1 6 17 17

functions 1 4 18 17

return statements 0 2 17 24

ciusters modules package 6 7 17 6
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stubds

goto stztements
commenrts

exception hardlers
task ceroutines

other prog constructs
importing exporting name
datz encapsulation
name scoping

name visibility

static dynamic nesting
iceration

conditional statements
recursion

concurrency

strong typing

type conversion

data abstraction
generics

loop invariants
Darameter dbinding
versicn number

other prog concepts

A enumeration types
Ada user defined types
Ada subtypes

Ada cCerived types
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Ada real types 14

Ada flcat point types 16

Ada fixed pt types 14 .
Ada record types 12 ;

Ada rec types discrim
Ada slices

AJa aggregates

Ada allocators

Ada access types

Ada overload.ry

Ada packages

Ada private typses

Ada scoga

Ada sho:st circuiting
“da visibility

Aca taskinrg

Ada :ask types

Ada ra-dszvous

Ada ant. .es

Ada entry families

Ada separate comg:lation
Ada exceptions

Ada generic prog units
Ade ins:an:tiation

Ada elaboration

AC2 ceonzex: spec

Ada iiformation hiding
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Ada mutual recursion [ 5 1 0
other Ada concepts 0 0

clusterls .
knowledge L,
used moderately
know concept
heard of used frequently
methodology
PSL PLA
SADT
SREM
HIPO

Jackson Design
Structured Design
Warnier Orr Design

N S Chapin Chart
Beamson Tables

Program Design language
Structured Programming
Structured Walkthroughs
Top Down Design

'Top Down Testing
Bottom Up Design
Bachman Diagramming
Entity Diagrams

Data Abstraction

other methodology
enumeration types
floating point types
fixed point types

user defined types
pointers

typed pointers

ranges

records

variant records

object type dcls
global variables

local variables

formal actual params
reserved words

blocks

case statements

if then else statements
loop for while until
exit statements
procedures

functions

return statements
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0
0
0
0
2
0
0
0
1
3
1
3
3
1
0
0
0
0
3
2
3
2
4
1
1
2
1
1
2
3
3
3
2
2
3
3
2
3
3
4
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clusters mcdules package

stubs

gote statements
comments

exception handlers
task coroutines

other prog constructs

imperting exporting name

data encapsulation
hame scoping

name visibility
Static dynamic nesting
iteration

conditioral statements
recursior

concurrency

streng typing

type conversion

data abstraction
generics

icop invariants
barameter binding
version number

other prog concepts

A enumeration types
Ada user Gefined types
Ada sustypes

Ada derived types

Ada real types

Ada float point types
Ada fixad pt types
Ada record types

Ada rec types diecrim
Ada slices

Ada aggregates

Ada allocztore

Ada access +,'a1s

Ada overlosdiag

Ada packages

Ada private types

Ada sco.e

Wda snort circuiting
Azz wvisibility

Ada :tasiing

Ada ti:i" types

Ada rTa2n.ozvous

Ada ertries

Ada entry families
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Ada separate compilaticn

Ada exczepntioLs
Ada g2neric prog units
Ada instantiazion

Ada alabcratiocn

ACa ceonzext cpee
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Ada information hiding 3 2 0 0
Ada mutual recursion 3 1 0 0
other Ada concepts 0 0 0 0

o e
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Technical Managers (Cluster 57)
Methodologies versus Knowledge
knowledge

know_concept used_frequently
heard_of used_moderately

methodology

PSL_PLA 2 9 1 0 12

SADT 1 5 1 1 3

SREM 2 S 0] 0 7

HIPO 5 10 9 4 28

Jackson_Design 5 2 1 1 S

Structured Des;gn 1 5 9 13 28

Warnier_Orr _Jesign 3 6 1 1 11

N_S_Chapin Chart 5 3 3 1 10

Beamson _Tables 1 1 0 0 2

Program Design _language 3 5 13 6 27

Structured _Programming 1 3 10 16 30

Structured” Wa’ktn;oughs 2 Ej 9 9 29

Top_Down_Design 0 2 10 18 31

Too Dcwn _Testing 0 6 8 15 29

Bottom _Up _Design 0 9 12 8 29

Bachman Dlagrammlng 0 2 i 0 3

Entity D*agrams 3 2 2 0 7
Data_Abstraction 1 5 6 4 16

other _methodology 0 0 2 0 2

enumeration types 0 5 5 4 i4

floating po1nt types 1 5 6 18 30

fixed point_ types 1 3 6 i9 29
user_defined_types 0 5 < 14 28

pointers 0 6 8 13 27

typed_poznters 4 5 6 9 24

ranges 0 5 S 11 25 i
records 0 S 7 i7 > \
variant_rec:."3 3 2 7 =0 22

oh-=~* _type_lcls 1 2 7 i35 25

glcpal _va ariiples 0 3 6 29 28 )
iocal_viriables 0 3 6 18 28 3
formal_sctual _params 1 2 5 17 25

-eserved_werds h] 3 7 16 27 !
D.CLKS 0 5 8 12 25 ;
casz_statamsnts 1 4 8 17 30

if_tner else_statements 0 1 7 23 31

.cop fo. _while untxl 0 1 7 22 30

exit_statement 0 3 8 19 30 !
procedures 0 2 5 22 28 '
functions 0 3 5 21 29
return_statements 0 2 5 23 30
clusters_modules_package 2 7 6 12 27

stubs 0 9 11 7 27

goto_statements 0 2 12 16 30

commants 0 1 10 19 30 s
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exception_handlers
task_coroutines
other_prog_constructs
importing_exporting_name
data_encapsulation
name_scoping

name visibility
Static_dynamic_nesting
lteration

conditional statements
recursion

concurrency
strong_typing
type_conversion
data_abstraction
generics
loop_invariants
Parameter_binding
version_number
other_prog_concepts
Ada_enumeration types
Ada_user_defined_types
Ada_subtypes
Ada_derived_types
Ada_real_types
Ada_float_point_types
Aca_fixed_pt_types
Ada_record_types
Ada_rec_types_discrim
Ada_slices
Ada_aggregates
Ada_allocators
Ada_access_types
Ada_overloading
Ada_packages
Ada_private_types
Ada_scope

Ada_short circuiting
Ada_visibility
Ada_tasking
Ada_task_types
Ada_rendezvous
Ada_entries

Ada_entry families
Ada_separate_compilation
Ada_exceptions
Ada_generic prog_units
Ada_instantTation
Ada_elaboration
Ada_context_spec
Ada~in£ormation_hiding
Ada_mutual_recursion
other_Ada concepts

1094-2

R e LY.~V i X Sk

HO\OO\V‘»&G\\DO\O\U‘UIO&)I#MOO\NQO\UI

[N

- (R UEN
cwdNnOoOO

1
4
0
6
7
2
5
5
1
1
1
0
3
1
3
5
2
2
1
0
3
2
3 9
3 7
1 8
1 9
1 9
0 11
4 9
4 6
3 5
2 7
3 7
3 7
3
4
2
2
1
3
5
5
4
6
3
1
8
4
4
4
5
S
0
2

Mo-hmahwmwmmw\tmm

g




Support Managers (Cluster 38)
Methodologies versus Knowledge

knowledge
used_frequently

know_concept
heard_of used_moderately

methodology

PSL_PLA 3 1 0 0 4
SADT 0 4 2 1 7
SREM 2 1 0 0 3
HIPO 0 6 5 1 12
Jackson_Design 3 2 0 1 6
Structured_Design e 4 5 4 13
Warnier_Orr_Design 4 3 2 0 9
N_S_Chapin _Chart 2 ] 1 1 4
Beamson_Tables 1 0 0 0 1
Program_Design_language 3 3 3 2 11
Structured_Programming 0 5 1 8 14
Structured_Walkthroughs 0 4 3 5 12
Top_Down_Design 0 5 1 8 14
Top_Down_Testing 0 7 1 6 14
Bottom Up_Design 1 7 4 2 14
Bachman_Diagramming 2 0 0 0 2
Snticy _Diagrams 1 2 0 0 3
Data_Abstraction 3 5 0 1 9
octher_methodology 0 0 Q Q 0
enumeration?types 1 1 2 3 7
ficating_point_types 0 1 [ 7 14
fixed_point_types 0 2 6 6 14
user_defined_types 0 3 4 3 10
pointers g 3 2 7 12
typed_pointers 1 3 1 3 8
ranges 0 3 4 3 10
records 0 3 4 5 12
variant_records 2 2 0 3 7
object_type_dcis 1 1 -2 5 9
global_variables 0 1 6 6 13
local _variables 0 2 6 5 13
formal_actual_params 0 2 4 ¢ 10
reserved_words 0 2 3 7 12
blocks 1 2 3 3 9
case_ctatements 0 1 4 ? 12
if_then_z2lse_statements 0 2 3 8 13
loop_for_wnile_until 0 3 2 8 13
exit_statements 1 2 3 7 13
procedures Q 3 3 7 13
functions 0 4 3 7 14
return_statements 0 3 2 9 14
clusters_modules_package 0 4 2 8 14
studs 1 3 3 S 12
goto_statements 0 3 2 8 13
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comments 0 1 3 9 13
exception_handlers 1 1 5 5 12
task_coroutines 0 3 1 6 10
other _prog_constructs 0 0 0 0 0
importing exportxng name 2 1 0 2 5
data encapsulatlon 0 4 1 4 9
name_scoping 2 3 0 3 8
name v151b111ty 2 2 0 2 6
static dynamic_nesting 1 2 2 4 9
iteration 0 6 2 6 14 H
conditional_statements 0 4 3 6 13 H
recursion 2 4 2 5 13
concurrency 2 5 1 5 13
strong_typing 3 1 1 4 9
type_conversion 5 1 0 4 10
data_abstraction 1 6 1 2 10
generics 2 5 1 2 10
loop_invariants 3 1 0 5 9
parameter_binding 4 0 0 3 7
version_number 1 3 3 5 12
other_prog_concepts 0 0 1 0 1
Ada_enumeratlon types 1 4 1 0 6
Ada_user_defined_types 2 8 0 1 i1
Ada_subtypes 3 4 0 1 8
Ada_derived_types 2 4 0 0 6
Ada_real_types 2 4 0 2 8
Ada_float_point_types 3 6 0 2 11
Ada_fixed pt_types 3 5 0 2 i0
Ada_record_types 5 2 0 2 9
Ada_rec_types_discrim 3 2 0 0 5
ada_slices 2 3 0 0 5
Ada_aggregates 2 2 0 1 5
Ada_allocators 1 3 0 0 4 ‘
Ada_access_types 1 4 0 1 6
Ada overload1ng 1 4 1 0 6
Ada packages 4 5 0 0 9
Ada_private_types 2 4 0 0 6 7
Ada_scope 2 3 0 2 7
Ada_short_circuiting 2 1 0 b4 4
Ada_visibility 1 3 0 1 5 }
Ada_tasking 4 5 0 2 11 s
Ada_task_types 3 5 0 0 8
Ada_rendezvous 3 4 0 1 8
Ada_entries 5 2 0 2 9 ‘
Ada_entry_ families 4 < 0 0 6 1
Ada_separate compilation 2 7 0 2 11 ;
Ada exceptxons 2 4 0 2 8 :
Ada_ gener1c brog_ units 2 4 1 0 7 '
Ada_instantiation 2 4 0 1 7
Ada_elaboration 2 2 0 0 4
Ada_context_spec 2 2 0 0 4
Ada_information_ hiding 4 4 0 1 9

» Ada_mutual_recursion 3 2 0 0 5

: other_Ada_concepts 0 0 0 0 0

i’ 144 289 138 293 864
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Administrative Managers (Cluster 2)
Methodologies versus Knowledge
knowledge

know_concept used_frequently
heard_of used_moderately

methodology

PSL_PLA 5 18 0 0 23

SADT 6 10 2 0 8

SREM 5 7 0 0 12

H1PO 5 14 15 9 43

Jackson_Design 5 S 3 1 18

Structured_Design 1 12 ) 23 45

Warnier_Orr_Design 6 9 4 0 19

N_S_Chapin_Chart 7 9 3 2 21

Beamson_Tables 3 1 0 0 4
Program_Design_language 3 12 11 15 41
Structured_Programming 0 5 8 33 46
Structured_Walkthroughs 0 11 10 23 44

Top_Down_Design 0 4 9 33 46

Top_Down_Testing 1 5 11 28 45

Bottom_Up_Design 0 11 22 12 45
Bachman_Diagramming 1 3 0 0 4

Entity_Diagrams 0 1 2 0 3

Data_Abstraction 5 9 4 3 22

other_methodology 0 0 1 2 3

enumeration_types 2 11 11 6 30
floating_point_types 0 4 13 30 47

fixed_point_types 0 2 9 34 45 !
user_defined_types 2 8 13 18 41

pointers 0 5 13 28 46

typed_pointers 1 1s 8 15 39 ]
ranges 0 13 10 22 45 |
records 1 8 10 25 44

variant_recorcs 3 13 5 14 35

object_type_dcls 1 9 11 18 39

global_variables 0 4 7 34 45

local variables 0 3 6 36 45
formal_actual_params 0 1 12 3 44

reserved_words 0 4 8 33 45

blocks 0 4 12 29 45

case_statements 0 4 15 24 43

if_ther else_statements 0 3 11 32 46 |
loop_for_while until 0 3 11 32 46 :
exit_statement3 0 6 14 26 46 |
procedures 0 3 12 31 46

functions 0 0 11 35 46 vl
return_statements 0 2 £ 39 46 !
clusters_modules_package 2 7 12 22 43

stubs 1 3 13 25 42 1
goto_statements 0 3 15 26 44

comments 0 0 7 39 46
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SNV

exception_handlers
task_coroutines
other _brog_constructs

importing _exporting_name

data —encapsulation
name_scoping

name v151b111ty

static Jdynamic_nesting
iteration
conditional_statements
recursion

concurrency

strong_ typ1ng
type_conversion
data_abstraction
gener1cs
loop_invariants
parameter _binding
version_number
other_prog_. concepts
Ada_enumeration_types
Ada_user_defined_types
Ada_subtypes :
Ada_derived_types
Ada_real _types
Ada_float_point_types
Ada_fixed_pt_types
Ada_record_types
Ada_rec_types_discrim
Ada_slices
Ada_aggregates
Ada_allocators
Ada_access _types
Ada_overloading

Ada _packages
Ada_private_types
Ada_scope
Ada_short_circuiting
Ada_visibility
Ada_tasking
Ada_task_types
Ada_rendezvous
Ada_entries
Ada_entry_families

Ada
Ada exceptxons
Ada_generic prog_units
Ada_instantTation
Ada_elaboration
Ada_context _spec
Ada_information _hiding
Ada_mutual _recursion
other _Ada_concepts
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