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CHAPTER 1

INTRODUCTION

Background

Between 25-30% of all scientists and engineers who
influence research and development in the United States are
employed by the Department of Defense (10:97). In addition,
"over half of the approximately $40 billion spent in the
United States each year on research and development comes
from the federal government, Of this, national defense ac-
counts for more than half /70:97/."

Research and development projects within the Depart-
ment of Defense are initiated by the users in the field,
scientists outside the Department of Defense as well as sci-
entists within the Department of Defense. The basic purposes
behind this research and development are (17:350; 27:18):

1. DevelopmentAof new weapon systems to counter new
threats.,

2. Development of new weapon systems to counter ex-
isting threats.

3. Development of new uses for existing weapon sys-
tems.

4. Improvement in the quality of existing weapon

systems.




5. Reduction of costs for supporting an existing wea-
pon system.

6. Elimination of difficulties associated with the
production or use o€ a weapon system.

A research project is-initiated to accomplish one of

the above purposes and can be viewed as a formal approach to
i€ achieving that purpose. The research project may be simple
and require only one engineer, a few thousand dollars and a
b couple of months to accomplish; or it might be complex and

require many people spanning several functions, at a cost of

millions of dollars and spanning several years (27:231).

"The objective of a project can be to develop hardware, to
verify by testing, to carry out feasibility studies, or to
investigate technical problems, among other aims. The pro-
ject can solve a narrow problem or advance the state of the
art. It can involve many or few knowns or unknowns, constant
or variable, or combination of these /27:231/."

To achieve the objective of any research project, the
basic steps of research and development must be performed.’
In addition, several iterations of each step may be required
before a final weapon system is designed and put into produc-
tion. The basic research and development steps are (17:357):

1. Thinking and visualization

2. Accumulation of information

3. Development of conceptual alternatives

4. Engineering exploration or feasibility

5. Reference design

6. Analytical investigation

7. Specification, construction, and test of materials,
components, breadboards, and mock-ups

2
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8. Drawings and initial engineering specifications
9. Construction of developmental models

10. Test of development models

11, Drawing and specifications of prototypes

12. Construction of prototypes

13. Test of prototypes

14. Con8truction of field test models

15. Field test

16. Final production design

17. Modification of design due to user or production
problems.

Research and development has a higher degree of cost,
schedule, and performance risk than does production. This is
due to the following (14:3):

a) .Research and development have many unknowns,

b) Research and development have little historical
cost, schedule and technical data, and

¢) The tasks and subtasks of research and develop-
ment consist primarily of design and testing.

To track these inherent risks in research and develop-
ment, proper management control must be exercised by the pro-
ject engineer. However, "Control and respohsive action are
often difficult in R&D because assessments of progress are
generally inaccurate. The intangible nature of work makes
the appraisal of accomplishment in relation to dollar and
time expenditures subjective /27:310-311/." Roman (27:362-
363) goes on to say:

Control involves the correlation of functional acti-
vities in an integrated reporting system which is accur-
ate, objective, fast, and action directed. To be effec-
tive, control must give management early warning of var-
iance from plans. If these are detected quickly enough,
corrective action can be taken before resources have been

over-expended to the point of impairing program objectives.
Essentially, control includes the assessment and inter-
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relating of these critical factors, examined in total
perspectives; (1) actual performance compared with plan-
ned. (2) The schedule of accomplishment, and (3) expen-
disures in relation to accomplishment.

To insure that cost, schedule, and performance data
recieved from the contractor on major government contracts
meet the needs of project managers, the Department of Defense
(DOD) adopted a set of control criteria which all major DOD
contractors' management systems must meet. These criteria
are discussed in detail in Air Force System Command Pamphlet
173-5 "Cost/Schedule Control Systems Criteria Joint Imple-
mentation Guide." The criteria deal with the contractor's
procedure for organizing work and people, planning & bﬁdget-
ing, accounting, analysis of data, and revisions of plans.

The Work Breakdown Structure is the visible frame-
work which ties the criteria together. MIL-STD-881A (32:2)
defines a Work Breakdown Structure as:

A product-oriented family tree composed of hardware,
services and data which result from project engineering
effort during the development and production of a defense
material item, and which completely defines the oroject/
program.” A WBS displays and defines the product(s) to
be developed or produced and relates the elements of work
to be accomplished to each other and to the end product.

A more in-depth discussion of a Work Breakdown Structure can
be found in Chapter Three.

The Work Breakdown Structure facilitates planning,
budgeting, monitoring, and controlling the progress of the

work, resources allocation, cost estimates, expenditures, and

technical performance. The Work Breakdown Structure, as

a management tool, provides the common integrating thread be-
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tween the Statement of Work, specifications, contract line
items, contract end items, technical and management reports,
and configuration control data (31:1).

MIL-STD-881A provides guidance on the preparation and
use of Work Breakdown Structures. This standard establishes
requirements and guidance that is applied to, and geared for,
DOD acquistions that occur during the latter stages of re-
search and development and during the production phase of
major weapon systems. However, virtually no guidance is pro-
vided on establishing a Work Breakdown Structure for manage-
ment control of research and development during the early
stages of conceptualism and design. In addition, J. Fla-
herty (21:18) goes on to say:

For cost analysis a weakness of the existing methods

of development of the WBS is that the primary problems
of weapon system cost estimating are in the early stages

of system development and most of the current work in WBS
is done during the latter stages of system development.

Problem Statement

Little guidance is provided to the laboratory project
manager on the development of a Work Breakdown Structure for
management control of Exploratory Development Research. Ex-
ploratory Development Research is further discussed in Chap-

ter Three.

Objectives

The primary objective of this thesis is to develop a
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model of a Work Breakdown Structure that can be used by lab-
oratory project managers to control Exploratory LCavelopment
Research. Secondary objectives are to:

1. Identify characteristics of Exploratory Develop-
ment Research that influence management control. .

2. Identify the type .of structures currently being
used by laboratory project managers to monitor and control
Exploratory Development work units.

3. Identify the process a project manager goes
through to develop the current structures used to monitor

Exploratory Development work.

Hypothesis

The single hypothesis in this thesis is that a common
structure for management control of Exploratory Development
Research can be found within the laboratories and this common
structure can be used to establish a model of a Work Break-

down Structure for use within the laboratories.

Format of Thesis

Chapter Two discusses the methodology used to collect
and analyze the data required to determine an appropriate
model to be used in developing a Work Breakdown Structure for
Exploratory Development Research. The scope of the effort
is discussed, which includes identifying sources for the

literature review, the laboratories and government contrac- -




f tors participating in the study, data-gathering methods, the
ﬁi experience criteria established for selecting laboratory pro-
ject managers to be interviewed, and the sample size. TH&\“

interview questions and their relationship to the thesis ob-

jectives are discussed in detail. Finally, the chapter iden-
tifies limitations of the research effort. 1

In-depth discussion of Work Breakdown Structure is i
presented in Chapter Three. The chapter will cover the de-
finition of a Work Breakdown Structure, the different types
of Work Breakdown Structures, Air Force policy toward Work
Breakdown Structures and tﬁe uses of Work Breakdown Struc-
tures. I will also briefly discuss the different research
categories.

In Chapter Four the responses to the interview ques-
tions are analyzed and the results discussed. The full text
of each response is presented in Appendix B, while "summary
tables of the responses are included in Chapter Four. The
interview responses are related to the hypothesis and re-
search questions.

In the final chapter, Chapter Five, major conclusions
drawn from the research effort are presented. Based upon
these conclusions a model Work Breakdown Structure is recom-
mended for use by project engineers to monitor and control
Exploratory Development Research projects. The Work Break-
down Structure presented is based upon the authors own opin-

ion and recommendations provided by the project engineers

interviewed.
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CHAPTER 2

METHODOLOGY

This chapter discusses the methodology used to col-
lect and analyze the dx .a required to determine the appro-
priate model to be used in developing a Work Breakdown

Structure for an Exploratory Development Research project.

The chapter is broken into four parts: scope of effort; ra-.

tional for the interview questions; data analysis; and the

limitations of the research effort. The scope of the effort

identifies sources for the literature review, laboratories

and government contractors participating in the study, the
research data gathering methods, the sample size, and the
experience criteria established for selecting laboratory

project managers to be interviewed.

Scope

A two-fold data collection method was used to deter-
mine the Work Breakdown Structure model for an Exploratory
Development Research project. The first method was a struc-
tual personal interview of selected laboratory project man-
agers and government contractors. The interview was design-
ed to determine characteristics of Exploratory Development
Research and to review current management control systems

that could be used to develop an appropriate Work Breakdown

8
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Structure for management control of research projects. The
second data collection method was to review individual State-
ments of Work and identify the format structures used. From
these formats develop a structure suitable for modeling’a
Work Breakdown Structure to be used in Exploratory Develop-
ment Research.

The interview, consisting of the twelve questions
found in Appendix A, was developed mainly to be used while
interviewing laboratory project managers.

Two other methods were considered for data gathering
prior to choosing the interview method. The first method
was to investigate current Work Breakdown Structures and
Statements of Work of Exploratory Development contracts and
to analyze them for commonality. This commonality would
then be used to develop a model Work Breakdown Structure for
Exploratory Development contracts. This method was rejected
for two reasons. First, after reviewing several project
case files it was discovered that none of the contracts had
a formal Work Breakdown Structure. Secondly, it was decided
that only reviewing the Statements of Work there would be
insufficient guidance to determine the process the engineer
went through while developing a Statement of Work.

The second method considered was the use of a ques-
tionnaire for data gathering. Two types of questionnaires
were considered. The first type required respondents to

choose between several alternatives; the second type requi-
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red the respondent to write-in their own responses. The

prime reason for rejecting the first type was due to its in-
herent lack of flexibility. Due to thg nature of the subject
for this research, the project manager, for lack of a suit-
able choice, could be_forced into choosing an alternative
that did not apply. The second type was ruled-out because

of the time constraints faced by most project managers.

Also, due to the nature of questionnaires they would not have
encouraged an open exchange of ideas.

Therefore, the interview method was chosen as the
most acceptable method of data collection. It did not force
the program manager to choose between alternatives and allow-
ed the researcher to concentrate on those areas where the
program manager was able to add the most insight. In addi-
tion to the interviews, individual Statements of Work for
Exploratory Development contracts were reviewed to determine
a suitable Work Breakdown Structure model. Access to these
Statements of Work were provided by the individual procure-
hent offices for each laboratory.

The laboratories selected fof this research were the
Air Force Wright Aeronautical Laboratories, consisting of
the Avionics Laboratory, Aero Propulsion Laboratory, Flight
Dynamics Laboratory and Materials Laboratory, all are located
at Wright-Patterson Air Force Base, Ohio. The laboratories
were chosen primarily on the basis of their work in the Ex-

ploratory Development.field and their proximity to the Air

10
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Force Institute of Technology. The government contractors

were General Electric, located at Evandale, Ohio; and Rock-
well International, located at Columbus, Ohio. These con

tractors were selected on the basis of their experience with
government research projects and their proximity to the Air
Force Institute of Technology. ‘
- The single hypothesis to be verified in this study
B is that a Work Breakdown Structure model for Exploratory

™. Development Research can be developed. Since there is vir-
y tually no guidance on developing a Work Breakdown Structure
along any other line"then:the product/hardware orientation

the project manager currently must rely almost entirely upon

LU - § yoroy

his/her own experience to structure his/her program in a way
that will facilitate management control of Exploratory Re-
search. Therefore, it was felt for this research that a min-

imal insight could be obtained from inexperienced program

managers. Based upon this assumption, only those managers
with a specfic level of experience were interviewed. The
following criteria qualified a projéct manager as experienced:
1. A grade or equivalent grade of GS-11 or above.
2. At least five years experience as a progranm
manager,
3. Must have worked on Exploratory Development
Research projects.,
A total of fourteen project managers were interview-

ed. Table 2-1 contains a breakout of the number of managers

11
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? TABLE 2-1: Interview Per Laboratory
: Laboratory Number
b

Avionics 2

Aero Propulsion 3

E: Flight Dynamics 5
. Materials 4
TOTAL 14
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interviewed at each lab. Also, one person was interviewed
from each of the contractors. Since the nature of some of
the interview questidns required more than one or two word
answers, the interview questioﬁs were electronically record-
ed with a cassette tépe recorder. All project managers and
contractor personel were asked for permission to record the
interviews prior to their start. 1In addition, all interviews
were conducted in the project manager's/contractor's office.
Prior to the development of interview questions a
literature search was conducted to gather backgroud informa-
tion. The following sources were consulted to gather infor-
mation on research being conducted in the area of Work Break~
down Structure: Defense Technical Information Center (DTIC);
Defense Logistics Studies Information Exchange (DLSIE); Air
University Library Index to Military Periodicals; Readers
Guide to Periodical Literature; RAND; and HQ Air Force Sys-
tems Command. The literature search found very little on
Work Breakdown Structures. Almost all the information found
on Work Breakdown Structures came from DTIC and DLSIE. 1In
addition, all the information:retrieved from DTIC was found
through DLSIE, but not all the information found through
DLSIE was contained in DTIC. After conducting the interviews
a post-literature search was conducted in the area of manage-
ment control of research and development. This information
was used to help analyze the data gathered during the inter-

views.
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Interview Questions

The interview questions were divided into three gener-
al categories. The first category of questions were used to
determine if the program manager met the experience criteria
outlined in the scope of the effort. The second category of
questions were used to gather data to determine some of the
characteristics of Exploratory Development Research. Finally,
the third category of questions were used to determine the sch-
matic contents of a Work Breakdown Structure for Exploratory
Development and the methodology used to develop that structure.

Questions 1 through 3 provided demograhpic data on
the experience level of the project managers interviewed. De-
finitions for the R&D categories of research can be found in
Chapter Three. Laboratory research can usually be classified
under one of the R&D categories. As discussed earlier, pro-
ject managers must rely upon their own experience to structure
their work. Therefore, only those managers with a specific
level of experience could provide the insight needed to deter-
mine an appropriate Work Breakdown Structure model for manage-
ment control of Exploratory Development Research.

Questions 4 through 6 provided data on characteris-
tics of Exploratory Development Research. The quesions asked
the project manager to classify his/her projects according
to the type of work being performed, the end result of the
work and the average dollar value of the work. These Ques-

tions were designed to address the first of the secondary
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objectives: Identify characteristics of Exploratory Develop-

ment Research that influence management development. Projects
classified as studies deal with the development of a new con-
cept or a variation of an old concept and usually results in
a final report or test samples. For the purpose of this
thesis hardware projects are defined as those items which are
a fabricated component, such as an integrated circuit or lab-
boratory test equipment. Test oriented work units usually
consist of projects where a component or several components
are subject to enviromental testing. Finally, software de-
velopment is defined as those work units whose end items is
the delivery of a set of computer codes. The structure need-
ed to manage research projects is greatly influenced by the
characteristics of the work. Therefore, these questions pro-
vide the insight needed to determine the form, the level of
detail and the uses of a Work Breakdown Structure in Explora-
tory Development Research.

Questions 7 through 9 were designed to determine the
type of structures currently being used by project managers
to monitor and control their work units. Therefore, the
purpose of these questions was to address the second of the
secondary objectives: Identify the type of structures cur-
rently being used by laboratory project managers to monitor
and control Exploratory Development work units. Since none
of the project managers interviewed during preliminary data

gathering used a formal Work Breakdown Structure, questions

15
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referencing Work Breakdown Structures were modified to refer-
ence the Statements of Work along with the Work Breakdown
Structure. It was felt that the format used to structure
;he requirements section of the Statements of Work could bé
used to develop an appropriate Work Breakdown Structure modél
for Exploratory Development Research.

Questions 10 through 12 were designed to stimulate
an open discussion of the process the project manager goes
through to develop a Work Breakdown Structure/Statements of
Work. It was during this discussion that the project manag-
er had the opportunity to express what he felt were the pri-
mary factors to be considered and also the potential useful-

ness of a Work Breakdown Structure for management control of

Exploratory Development Research.

Data Analysis

Responses to the interview questions are presented
in Appendix B. For those questions requiring a single word
or numeric answer, responses are presented in tabular form.
While, questions requiring an in-depth answer the responses
are presented in textual form. All interview responses a-
long with the post-literative search and the review of State-
ments of Work for Exploratory Development Contratts were tab-
ulated and compared to:

1) 1Identify characteristics of Exploratory Develop-

ment Research,




2) Identify the type of structure used by laboratory
projct managers to monitor and control Exploratory Develop-
ment Research,

3) .Identify the process léﬁoratory managers go
through to develop structures used to monitor Exploratory
Development projects.

Finally, based upon the results of the analysis a Work
Breakdown Structure model is proposed for use in controlling
Exploratory Development Research H rojects. The results of

the analysis is presented in Chapter Four,

imitations

—

Limitations with regards to the scope of the research
effort and the methodology by which the data was collected
and analyzed are discussed in the following paragraphs.

This study was not an attempt to arrive at a univer-
sal Work Breakdown Structure that would be applicable to all
research projects within Air Force laboratories, nor was the
objective to solve all of managements' control problems.

It must be realized that each laboratory has a unique mis-
sion and therefore different procedures and guidelines for
accomplishing that mission. After concluding the interviews
it became apparent that the mission even varied between the
divisions within the laboratory. Since only the laborator-
ies at AFWAL were used in the study, the technique used by

other Air Force laboratories were not taken into considera-

1.7
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tion. Even though the missions varied between laboratories
and the divisions within them, there was a high degree of
commonality in their procedures used to accomplish their mis-
sions. Therefore, this thesis effort was meant only to de-
velop a model that could be used for tailoring Work Break-
down Structures to the individual needs of the program man-
agers.

The second limitation concerns the method used to
gather the research data. As discussed, earlier, the use of
a questionnaire was rejected because of its inherent lack of
flexibility in coilecting non-statistical cata. Therefore,
the interview method was chosen because of its distinct ad-
vantage of being flexible. However, one distinct disadvan-
tage of interviews lies in the diversity of response. Thus,
some of the responses cannot be grouped into clear-cut cate-
gories from which general observations can be derived. For
example, what process does an engineer go through to develop
a Work Breakdown Structure or Statement of Work. The answer
to this question varied from a few words to several paragraphs.
Obviously, with so many varied answers only the most general
conclusions can be drawn. In addition, the time consuming
nature of the interviews (30-45 minutes) precluded sampling
a large number of project managers.

The final limitation éoncérns the interviéw method
itself. As mentioned earlier the majority of the interviews

were electronically recorded on a cassette tape recorder.

18
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Due to problems with the tape recorder some responses to
interview questions were lost. Therefore, the researcher
either omitted that response from the analysis or relied up-
on notes that were taken during the interviews. 1In addition,
several questions were added to 'the interview process toward
the end of the data collection. The analysis of these ques-
tions did not include responses from all the project managers

interviewed.
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CHAPTER 3
WORK BREAKDOWN STRUCTURES

This chapter provides an in-depth discussion of a

Work Breakdown Structure as defined by MIL-STD-881A. The T
different types of Work Breakdown Structures and the uses of
a Work Breakdown Structure will be covered. The use of Work
Breakdown Structures in Air Force research and developing is
increasing. The different types of research within the Air !
Force will be presented in this chapter.

MIL-STD-881A (32:2) defines a Work Breakdown Struc-

ture as:

«esA product-oriented family tree composed of hard- |
ware, /software/, services and data which result from
project engineering efforts during the development and
production of a defense material item, and which com-
pletely defines the project/program. A WBS displays
and defines the productgs) to be developed or produced
and relates the elements of work to be accomplished to
o each other and to the end product.

The three important concepts to remember from the a-

1. Is a product-oriented family tree composed of

hardware, software, and other work tasks.

F; bove definition is that the Work Breakdown Structure:
4

4

ii 2. Completely defines the project/program,

3. Relates elements of work to each other and to

the end product.

Ea Figure 3-1 shows the basic organization of a Work

20
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FIGURE 3-1

Work Breakdown Structure Organization
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Breakdown Structure. For a major weapon system program, the
upper three levels of the Work Breakdown Structure are com-
posed of work elements defined in the appendixes of MIL-STD-
881A. Level 1 is defined as the entire defense material item
being procured. A defense material item is any system us-
ually established as an integral program element or associ-
ated with a project within a program element, for example:
Minuteman ICBM system, B-1B aircraft system, or Maverick
? missle system. The major elements of the defense material
item comprises level 2 or the Work Breakdown Structure, for
‘; example: An air vehicle, a space vehicle, an aggregation of
services, data. Finally, level 3 of the Work Breakdown
Structure is the components subordinate to the level 2 major
ii elements, for example: An airframe, a propulsion unit, a
t type of service, or an item of data. Any extension of the
i Work Breakdown Structure below level 3 is performed by the

contractor. The contractor extends to the Work Breakdown

% Structure to ‘he lowest levels needed to fully define and
[ manage the contract.

3

¥ The upper three levels of the Work Breakdown Struc-

- ture has been organized within the following seven categories
" of defense material items:
1. Aircraft Systems

2. Electronics
3. Missle Systems

L. Ordnance
L 50 Ship
2 6. Space

' 7. Surface Vehicle

22
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MIL-STD-881A provides a Summary Work Breakdown Structure and
definitions of the elements within the Summary Work Break-
down Structure for each of the seven categories of defense
material items. An éxample of a Summary Work Breakdown
Structure and definitions can be located in Appendix D.

There are four basic types of Work Breakdown Struc-
tures defined in MIL-STD-881A.

1) The Summary Work Breakdown Structure is com-

prised of the upper three levels of a Work Breakdown Struc-
ture for one of the defense material items. The Summary
Work Breakdown Structure can simply be found in the
appendixes of MIL-STD-881A. That is, the seven major cate-
gories of defense material items comprise all the Summary
Work Breakdown Structures.

2) The Project Summary Work Breakdown Structure is

a Work Breakdown Structure that has been tailored to meet
the needs of the program manager. The Work Breakdown Struc-
ture has been tailored by selecting those elements from one
or more of the Summary Work Breakdown Structures that meet
the needs of the program manager. If the elements of the
Summary Work Breakdown Structure are insufficient because of
unique configurations or other special features of the pro-
ject, the program manager can add or substitute Work Break-
down Structures to make up the Project Summary Work Break-
down Structures.

3) The Contract Work Breakdown Structure is the

23
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Project Summary Work Breakdown Structure elements contracted

by the program manager plus the extension of the Project Sum-

mary Work Breakdown Structure by the contractor to its lowest

levels. Therefore, the Contract Work Breakdown Structure

E portrays all the products and work that has to be done to
accomplish a specific contract.
- 4) The Project Work Breakdown Structure is the com-

plete Work Breakdown Structure for the project. It contains

all the Work Breakdown Structure elements related to the de-
velopment, modification, and/or production of a defense mat-
erial item. The Project Work Breakdown Structure is devel-
oped by merging all the various Contract Work Breakdown
Structures with the Project Summary Work Breakdown Structures.

The use of a Work Breakdown Structure is mandatory
for the followihg types of projects (32:1);

1. All defense material items (or major modifica-
tions) being established as an integral program element of
the 5-ye;r defehse program (FYDP),

2. All defense material items (or major modifica-
tions) being established as a project within an aggregated
program element.where the project is estimated to exceed
$10 million in RDT&E financing, and

3. All production follow=-on or (1) and (2) above.
The Work Breakdown Structure may be used for the research,
development, and/or production of any project at the dis-

cretion of the project manager.
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Air Force policy on the development and application
of Work Breakdown Sturctures encourages the project manager
to "tailor a preliminary project WBS for each program or pro-
ject entering a validation, full scale development, or pro-
duction phase /31:1/." Using the preliminary Project Work
Breakdown Structure, the project can develop the preliminary
Contract Work Breakdown Structure and prepare the individual
Statements of Work. The project manager should tailor the
preliminary Project Work Breakdown Structure using the ele-
ments from the categories provided in MIL-STD-881A. This is
to establish a degree of unity between Work Breakdown Struc-
tures. The project manager may substitute elements if the

Work Breakdown Structure elements in MIL-STD-881A "are in-
appropriate, require modification, or if new elements are
needed /31:7/." Air Force policy requires the use of a sin-
gle Work Breakdown Structure on each project, program, and
contract. Contractors are encouraged to use a single Con-
tract Work Breakdown Structure and to up date it as addition-
al system definition is accomplished.

A Work Breakdown Structure provides a consistant and
visible framework that facilitates (31:2):

1. Planning

2. Assigning responsibilities

3. Monitoring and Controlling the status of

a) Engineering efforts
b) Resource allocations
¢) Cost estimates

d) Procurement actions

e) Expenditures
f) Cost/Schedule/Technical Performance

25
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4. Display and definition of the total system
2 5. Compatability among data requirements

:] The Work Breakdown Structure used as a management tool pro-

vides the common integrating thread between its elements,

other program or project management practices and products,
such as: Statements of Work; Contract line items and end .
items; and technical and management reports (31:2). The
Work Breakdown Structure as a management tool is being used
by project managers in research and development at an in-
creasing rate.

| Air Force reéearch projects are divided into four

types of research.

Research (6.1)

Defense research is scientific study and experimen-
tation directed toward increasing knowledge and understand-
ing in those fields of the physical, engineering, environ-
mental, biological-medical, and behavioral-social sciences
related to long-term national security needs. It provides
fundamental knowledge for the solution of identified mili-
tary problems. It also furnishes part of the base for sub-
sequent exploratory and advanced development in defense-re-
lated technologies and of new or improved military function-
al capabilities in areas such as communications, detection,
tracking, surveillance, propulsion, mobility, guidance and
control, navigation energy conversion, materials and struc-
tures, and personnel support /7:17/.

Exploratory Development (6.2)

Includes all effort directed toward the solution of
broadly defined problems, short of major development programs,
with a view to developing and evaluating technical feasibi-

: lity. This type of effort may vary from fairly fundamental
L applied research to major subsystems /7:17/.

2
-

o
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Advanced Development (6.3)

Advance development is the extension of the concepts
created in exploratory development, along with known techno-
logical limitations, to create an operating prototype device
or process. The goal of this implementation is to demon-
strate technical feasibility of the concepts and to estab-
lish, by test, the operating parameters of the device or pro-
cess as well as to discover those gaps and limitations that
may require additional applied research or exploratory de-
velopment for the device or process to be completely success-

ful /T1:143-1447.

Engineering Development (6.4)

Engineering Development is the application of prac-
tical constraints such as economical requirements, manufac-
turability, limitations, field maintainability, and the like,
to the practical implementation of an objective that is well
defined in a conceptual and physical sense. The end purpose
of the engineering development phase is to produce a process
or device ready for full-scale production and field operation

[T1:1447 .
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CHAPTER 4
RESULTS AND FINDINGS

This chapter discusses the results and findings of
the interviews. Responses to the twelve interview questions
are analyzed and a summary of the results 1s presented. An

in-depth presentation of the responses to the interview ques-

tions can be found in Appendix B. The information presented
in this chapter is divided into four sections. The first

section deals with demographic data collected on each project
engineer to insure they met the experience criteria presented

in Chapter 2. Section two describes some characteristics of

Breakdown Structure needed for management control. The cur-

L

-

[

L.

[

F Exploratory Development Research that affect the type of Work
3

!. rent structures used by project engineers to manage their

work units is discussed in section three. Finally, section

four summarizes the process and primary factors of develop-

ing a Work Breakdown Structure/Statement of Work.

Demographics

(]
& 2

The primary objective of this research is to present

MODAGACALAR
 Te e
Fohatt

a Work Breakdown Structure format that could be tailored by

the project engineer to fit his/her, particular research pro-

ject. Since there is little guidance on developing a Work

Breakdown Structure for Exploratory Development projects,
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the project engineer must rely on his/her, or other project
engineers, experience to structure his/her program in a way
that will facilitate management control,., Therefore, only
those engineers with a specific level of 2>xperience were in-
terviewed. A set of criteria was established to determine
whether the project engineer qualified as experienced.

The first criteria established that the project engi-
neer had to have a grade of GS-11 or above. Table 4-1 sum-
marizes the grade structures of the project engineers inter-
- viewed. All the project engineers interviewed were recommend-
ed by their division or branch chief to participate in this
research study. The division and branch chiefs recommended
5 all civilians to be interviewed by the researcher. The four-
teen project engineers interviewed were evenly distributed
in grades. All the project engineers interviewed met the
first criteria established.

The second criteria required the project engineer to
have at least five years experience in program management.
Table 4-2 summarizes the program management experience of the
project engineers interviewed . Over sixty percent of the
engineers interviewed had at least twenty years experiencs
= as a program manager, Only one project engineer had less
N than ten years experience in program management. Those engi-

neers who are GS-12s have an average of 16.8 years as a pro-
- gram manager. The project engineers with a grade of GS-13

- have an average of 22.5 years in program management.
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Table 4-1; Program Engineer Grades

Percentage

. of Total
Rank/Grade : Responses Responses (%)
GS=-12 5 35.7
GS-13 4 28.6
GS-14 bl 35.7

TOTAL 14 100.0%
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Table 4-2: R&D Project Management Experience

Percentage
of Total
Years Responses Responses (%)
10 1 7.1
10-14 1 7.1
20-24 6 42.9
25-30 R 14.3
30 1 7.1
TOTAL 14 99.99%*
GS-12 MEAN (Xx) = 16.8 years
GS-13 Mean (X) = 22.5 years
GS-14 MEAM (X) = 21.6 years

* Percentages do not sum to 100% due to rounding.
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All the project engineers interviewed met the second criteria.
To meet the final criteria used to determine the ex-
perience level of the project engineer, he/she must have
worked with Exploratory Develoément Research projects. Table
4-3 summaries the‘number of project engineers working in the
different research and development categories. All the pro-
ject engineers interviewed had some experience with Explora-
tory Development Research. Half the engineers interviewed
also had experience managing other categories of research
and development. Twenty-one percent have worked with Basic
Recsearch projects, while the other twenty-nine percent workecd
with Advanced Development projects. Those engineers who have
experienced working with Basic Research are currently working
with Exploratory Development Research spend their time work-

ing with Advanced Development Research projects.

Characteristics

The reader should note that the example presented in ;
this section were provided by the project engineers interview-

ed. The examples do not encompass &ll the work being per-

R 20 PANAASR

formed within the laboratories

Project engineers working with Exploratory Develop-

ment Research encounter a wide variety of projects. The
projects range from studies and tests to software and hard
ware development. Table 4-4 summarizes the engineers' class-

ification of the projects they have worked on. Only 28.6
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Table 4-3: R&D Category

Percentage '
R&D of Total
Category Responses Responses (%)
6.1-6.2 3 21.4 |
6.2 7 50,0 |
6.2-6.3 4 28.6
- TOTAL 14 100.0%

The majority of respondents who managed combinations of
work units currently work primarily with Exploratory

Development (6.2) work units.
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percent of the engineers interviewed worked solely on study

projects, while the other 71.j percent worked on a combina-

tion of study, hardware, software and testing projects.
:ﬁ The étudy projects were exploring a new concept or a
variation upon an o0ld concept. An example of a study would
be exploring different tip treatments for aircraft blades to
prevent chipping. A natural continuation of this particular
study project would be to demonstrate the results of the
study by coating a section of an aircraft blade and perform-
ing structual tests. This demonstration of a concept, using
a small section of an airecraft, is classified by most project
engineers as hardware development. Hardware development us-
ually entails the building of a small piece of structure used
to demonstrate a new concept or to look at the application
of a new material or manufacturing process. The technology
developed with that piece of hardware is from a design anal-
ysis and fabrication point of view. Basically, the hardware
developed is not meant to be applied to any particular wea-
pon system, but to demonstrate a concept that can be used in
later stéges of research and development. However, there is
a small portion of hardware development within the Explora-
tory Development Research field that results in a usable end

item. An example would be device development which takes an

architecture or algorithm and builds an integrated circuit
that can perform the algorithm. Another example is the de-

velopment of test equipment used within the laboratory and
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Table 4-4: Project Classifications
Percentage
of Total
Type Responses Responses (%)
Studies 4 28.6
Hardware 1 7.1
X Studies/Hardware 7 50.0
Studies/Software/
Hardware/Test 2 14.3




in the field.
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The deliverables underExploratory Development con-
tracts confirm the discussion on hardware projects. Those

project engineers working with hardware contracts reported

the normal deliverables under théir contracts consisted of
technical reports, preliminary specifications, test plans,
specimens, panels or samples of coatings. The deliverables
for those hardware projects with an usuable end item were
mainly instrumentation and test equipment. Those projects
classified as studies had deliverables of final reports.

The majority of the work within Exploratory Develop-
ment field deal with the development of new concepts and the
demonstration of these new concepts. Those concepts are
demonstrated on small structual panels or sub-scale samples
and do not entail the fabrication of an usable end item.

The majority of the deliverables under these Exploratory De-
velopment projects are technical and final reports, test
specimens, test plans and preliminary specifications. There-
fore, a Work Breakdown Structure along the traditional hard-
ware orientation as presented in MIL-STD-881A is not appro-
priate for Exploratory Development Research. The Work Break-
down Structure for Exploratory Development Research projects
should follow the way the work is being performed to be a
meaningful management tool. Following sections will deal
with how the work is being structured within Exploratory De-

velopment Research.

36

. ,: e o e N

L e
PSPPSRy - aaa -~ a - s PRSI




SA

b ol

® Ty T Ty . Aot il i ndh Mt S e A, A A i S Aot . e e e YTy

The final characteristics of Exploratory Development
Research to be discussed is the average dollar value of con-
tractual work units. Table 4-5 summarizes the project engi-
neers' response to the average doilar value of his ocntracts.
Approximately eighty-six percent of the engineers responding
reported their ocntracts average dollar value at less than
$1 million. Since the majority of contracts are low in value,
the project engineer does not need an in-depth Work Break-
down Structure to control and monitor their work. This
effects the type of Work Breakdown Structure needed. It also

influences the Work Breakdown Structure's level of detail.
Formats

The project engineers interviewed within the Air Force
Aeronautical Laboratories use three formats to sitructure their
Statements of Work: Phase, Milestone, or Task. Table 4-6
summarizes how many project engineers used each format to
structure their work. The basic work being organized under
each of the different formats was the same. Since approxi-
mately eighty-six percent of the engineers used a phase type
format, it will be used to describe the work performed on a
typical Exploratory Development project. The first phase of
an Exploratory Development Research project would be a study.
Under the study phase the contractor would analyze the pro-
blem or concept and then propose how