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FOREWORD

In the Fall of 1967, an effort known as Technological Barriers Documen-
tation Project was established in the Air Force Office of Aerospace
Research (OAR). Its purpose was to augment the existing R&D com-
munication practices with improved means of bringing problems of
aerospace technology to the attention of Air Force scientists and
engineers. : '

As the project progressed, it became apparent that only well-thought-
out and challenging problems induce the responsive reaction of

- scientists, Thus attention had to be given to the methodologies of
identifying, analysing, describing and documenting problems in a
manner that would insure their validity and clarity. :

The results are presented in this guide. They include the idea of team
efforts to produce the required analyses, the Functional Flow Block
Diagram (FFBD) to depict graphically the interdependence between _
the technological objectives and the specific problems, and the Problem
Resume (PR) to describe the problem in sufficient detail and also inform
the reader about the principal point of contact within the Air Force for -
subsequent technical communications.

" The methodology used in the Air Force project is sufficiently general
for adaptation to other military or government R&D management estab-
lishments. This guide is released for public dissemination with a hope
that its use (and possible improvements) will contribute to the Nation's
ability for better interaction with and use of its technological manpower.

ALEXANDER G. HOSHOVSKY
Chief, Analysis Division
Office of Aerospace Research
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GUIDE TO PROBLEM ANALYSIS OF ADVANCED TECHNOLOGICAL
OBJECTIVES :

This manual describes systematic means for deriving a
structure of "bite-size" prublems whose collective solution

- would make attainable the achievement of an advanced

technological objective (ATO). These problems will document
both the Technology Needs regquired fcr the ATO, and the

Research Needs regquired to develop the needed techinology.

The process begins with the anaiysis of an objective, infeasible

of current attainment owing to a lack of supporting technology

and basic knowledge, and ends -- 10 to 25 years later -- with
thé accumulation of the base of knowledge and technology
required to make the objective feasible. '

The methodology outlined in this manual, hereafter
termed "Problem Research," is designed to provide means to
answer questions such as these:

o How does one pinpoint significant problems where
research can make the greatest contribution? |

o How can effective communication be established
between scientists interested in phenomena -- how or‘why
something happens -- and engineers and desiggers who are
not so much interested in the how and why as in practical
application?

o How does one demonstrate the relevance to Air Force
needs of problems which are small enough -- discrete, specific
delimited, "bite-size" -- to be attacked by work~-unit level
research? .

While this manual focuses on the Problem Research process
as if it were conducted as an independent activity, Problem
Regsearch will normally be accomplished in conjunction with
other studies already authorized and funded -- feasibility,
Concept Formulation, mission analysis, applications analysis,
research opportunities, etc. Accomplishing Problem Research
in this mannér will add little to the manhour and dollar cost

of the basic study and may even result in net savings.




OUTPUT OF PROBLEM RESFARCH ,

Although Problem Research produces paper products,
abstracts of problems and a problem research feport, its
greatest dividend is the establlshment of person to-person
relationships between those men with the’ expertise to produce

. and organize the new scientific knowledge required to m;ke

the objective feasible. At the same time, the proce.s’
produces the tools which can be used to prove the relevance

. of fundamental research to Air Force needs. .

Thus the process produces:

o Definition of problem areas ’

o Relationships between the people best egquipped to
find solutions -

o Proof of the validitg of the research program to

achieve the top-level objective.

" Research Needs Defined

Through Prcblem Research; Research Needs are defined
which are (1) specific -- discrete, small, "bite-sized" ~--
enough to be meaningful, and (2) relevant to current research.
That is, they define needs for research results required to
make possible weapons which can be built 20 or 25 years from
now, only if current research builds the necessary foundation
of new knowledge. '

For one ATO, there may be ten problem afeas, or a score,

‘even a hundred, which, if solved would make the proposed

objective feasible. Each Research Need is documented on a
single-page Prcblem Resume (Figure 1). Probleys documented

. on Problem Resumes should be so delimited and specific that

the scientist who reads it guickly can tell whether the work

he is doing is relevant to the problem stated. If it is, the
scientists can be gquickly in touch with the Problem Monitor

whose name, address and telephone rnumber are listed on the resume.




PROBLEM RESUME

‘roblom Title
High Temperature Tolerance Electric Insulators

Wetract

Materials having dialectric breakdown strencth of 60,000 to 90,000
volts per meter and resistant to oxidation and reduction at
temperatures up to 3400 K are desired for insulation between
electrodes of magnetohydrodynamic (MHD) electrical generators

of advanced de51gn for airborne or space applicaticns.

Electrical conductﬁv1ties at operating temperatures should not
exceed 103 to 104 mho/cm. Ceramic materials should*withstand
thermal shock at operating temperature with high. heating rates and,
‘temperature gradients, be resistant to corrosion by cesium or

. potassium carbonate vapors, and mechanical corrosion by flowing
gases up to Mach 2 for 24 hours. Thermal expansion, material
strength and geometry limitations will be accomodated by design

flexibility.

The availability of suitable insulating material, when codpled
with other advances, will permit design of MHD generators with ‘
much higher channel wall operating temperatures, thus contributing

to increased generator efficiency and lower specific fuel _
consumption. “°
‘ 21
42
‘ £
4
Refarcnces S Xey words
Kenneth R. Cramer and Robert J. Massey High-temperature
Technological Barriers to the Development electrical insulators
of a Competitive, Flight-Weight MHD | MED -
Power Generator, OAR 69-0020, Office of Fllght-welght MHD
Aerospace Research, August 1969 , generators
AD 859-947 ) Problem research

Technoélogical problems

Problem Honh.or - To provide {or cbtain) infermation concerning this problem contact

Kenneth R. Cramer

Aerospace Research Englneer
Aerospace Research Laboratories (ARN)
Wright-Patterson AFB, Ohio 45433

Telephone: (513) 255-5892; Autovon 78-55892

molX [rme 1X-10  |srmenonm  2,2.1.1 » bata8=18-69

S Lxperiventsl Form 4 2-69 .y




The Problem Resume is designed not so much to convey
the substance of a problem as to trigger the establishment
of direct, person-to-person contact between scientist and
| technologist. This intention is based on the premise that
person-to-person links constitute the primary channel
throuch which the output of research flows to practical
application. Conveying to the scientist the substance of a
problem and to the technologist the alternatives available
is normally accomplished through the give-and-take dialogue
~ of technically qualified individuals. - 7
_ Problems described on the Problem Resumes indicate
hypothetical technological capabilities which, if actually .
achieved, would permit improved performance of a specified
function. In effect the problem suggests an "If...then"
- statement: IF science and technology can provide the means
"to do what is asked for in the problem, THEN it would be
possible to improve performance in the related function which
would, in turn, contribute to attaining the ATO.

* Relevance Proved or the "Audit Trail”

The Air Force relevance of problems documented on
Problem Resumes is demonstrated through a documented means-
from the "bite-size" problem documented
QTO from which they were derived. This

ends chain extending

on the resume to the

"audit trail" which confirms relevance is doecumented on an
e

interrelated structuﬁe‘of functional flow bleck diagrams

(FFBD's). Figure 2 illustrates the structure of FFBD's.
(Ndrmally, there is only one FFEBD to a single 8 by 10 1/2- '
inch page.) The numbering shows the relationship of one
FFBD to another. . For example, 2.2.1 documents analysis of
a subfunction of 2.2,

|
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Consider the audit trail for the problem shown in
Figure 1, "Higﬁ Temperature Tolerance Electrical Insulators,”
which goes as follows: ;
0 Solution of the problem will coﬁtribute to the
improvement of inter-electrode insulation, fu;ction 2.2,1.1,
and thus B
o Make possible increasing the operating temperature'
of the MHD channel walls, function- 2.2.1, which will, in turn
o0 Permit increased generator efficiency, function ?.2,
and thereby ) ,
0 Reduce specific fuel consumption, function 2, which will
o Contribute to the ATO of providing the technology
required to make possible development of a competitive,
flight-weight MHD generator. .

Communication Network

Use of the Problem Research process identifies the
individual scientists and organizations whose work is
particularly important to the attainment of the objective
analyzed. The assignment of continuing responsibility to
Monitors, establishes them as focal points for information
related to their problem. This communication network is
given visibility by publication of the names of Monitors on
the Problem Resumes as well as by the listing of names and
areas of‘cognizancé on‘various register§. Through this
‘responsive "information system,"” the Monitor for an ATO can
become aware within days, even hours, of a breakthrough
significant for the attainment of the objective.

‘ "Intelligencé” for Accomplishing the Objective
At the lowest cost in time and technical effort, the
Problem Research process will produce information useful in
achieving the objective capability.
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This information includes:

o Current state of the art in each problem area. The
current state of the art is an essential element in a complete
definition of the problem since it defines oné side of the gap
which must be bridaed tec solve the problém.

o Organizations and individuals with the knowledge
required to apply current knowledge and technology.

o] Ongoing and planned research potentially useful for

. producing knowledge required to bridge the problem gap.

o Identity of scientists and organizations who are

potential pfodﬁcers of the knowledge regquired to solve

" particular problems.

o Bibliographical data on the most significant reports
or. papers.

o A forecast on each problem showing the range ‘'of dates
within which' the consensus of inhouse experts indicates the
probler will be solved in the absence of any additional research
effort. :

(] An estimate of the extent to which solutiecn of
individual problems or achievement of the ATO can Ee accelerated
through additional research effort, and the nature and cost

of such effort.

" Beneficial By-Products
In addition to the_direct benefits assogiated with the

identification of Research Needs, accomplishment of the
processes outlined in this manual would‘produce other benefits:
© A rational and visible means for identifying pacing = ==~ |
areas of Reéearch and Explcratory Development. |
0 Cutting the time and dollar cost of Concept Formulation
through pribr'assembly of the information required to demon-
strate that “teéﬁnology is sufficiently in hand."”
o A framework for decentralizing the process of developing
~the knowledge base and technology base required to make
selected ATO's feasible. .




~ MANNING THE PROBLEM RESEARCH EFFORT

Participants in the Problem Research process include a
Team Leader, Problem Analyst, Consultants in the technology
of the objective, and Inhouse Scientists in disciplines
relevant to various problems. 2After Research Needs have
been fully defined (Phase I), Monitors are assigned to indivi-
dual problems, the top-level'objective and any major sub-
‘objectives. The duties of these pafticipants are detailed in
Figure 3, a fold-out chart bound as the last page.of this report.

Of the many participants, only the Team Leader and the
Problem Analyst devote a significant part of their time to the
problem research effort. The ATO Consultants and Inhouse
Scientists participate only to the extent needed to draw
out their mind-stored knowledge and get it down on paper.
Owing to the work of the Problem Anélyst, thé amount of time
scientists and engineers devote to this "information retrieval"
is kept to a minimum. They need not know anything about
problem‘research before they start and documentation is not
their responsibility. This responsibility belongs to the
Problem Analyst who drafts documentation, develops its format,
edits it properly and completes all the paper work. The
,knowiedge of the experts is largely elicited through their
marking up and criticizing the drafts the Problem Analyst
provides. : ) '

The job of the Problem Analyst will nd}mally be filled
by a junior scientist or'engineef who not only is a'éoéd writer
but also works well with people. S

.

THE PPROCESS

. The methodology in this manual is based on the assumption
that most critical problems are already fairly well known to
scientists and engineers working in various areas.l Problem

- - ——— - - an " Sus

1While known, these problems are seldom documented and so
can be communicated only to immediate associates, only with
great difficulty, and only at relatively high cost.
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Research involves identifying the minds containing knowledge
in depth of the problems related to a particular objective,
abetracting the problems and referencing the individual in
whose mind complete information »f the problem is stored.
Dissemination of Problem Resumes permits a wide group to
become aware of both the problem and the individual to contact
to acquire technical information in depth.

The Problem Research prccess is summarized in Figure 3,
a fold-out chart bound as the last page of this manual.

As shown on Figure 3, there are two main phases in
the Problem Research process: Phase I is devoted t6 defining
the Technology Needs and Research Needs which must be met
to achieve the ATO. bhase II, which extends from 10 to 25
years, is concerned with developing, collecting and organizing
the knowledge required to make.attainment ofbthe objective
feasible. Phase II ends at the time a development'program?
designed to achieve the objective becomes a viable option.

Phase I is divided into two parts. Phase IA is a
"quick and dirty," first-cut analysis to determine Technologyv
Needs which must be met to attain the ATO. This analysis,
accomplished at low cost, is primarily the work of the Team
Leader and Problem Analyst in consultation with experts in
the ATO technology. It is essential to determine Technology
Needs flrst because from them are distilled Research Meeds.

Technology Needs (Block 3) fall into three categorles-
those for which the technology is actually "on the shelf,
those for which technology can probably be developed without
additional fundamental understanding, and those for which
development depends on knowledde to be obtained through
research. ' _

In Phase 1B, the Technology Needs developed in Phase IA,
are exposed to Inhouse Scientists within the Air Force research
organization who will identify their scientific content. They

.

-
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will sort out those Technology Needs which will probably
require additional fundamental knowledge. for -their solution,
that is, determine Research Needs. At the same time, this
process may also identify research-oriented sub-problems, the
solution of which would help solve the technological problem |
documented in Phase IA resume. Appropriate Inhouse Scientists,
* in collaboration with.the Problem Analyst, will then re- -define
problems with significant scientific content to tallor them as
»want ads" for the required scientific knowledge (Block 9).

In the function covered by Block 7, a quasi-formal
communication network is established for the aevelopment
during Phase II of the base of knowledge and technology
required for the attainment of the ATO. The assignmeﬁt
of Monitor responsibilities should not be interpreted as
adding to the workload of the people assigned, since
creative scientific . and technical people all have an area
in which they keep up and contribute to as a matter of
professional competence.

The process depicted by the first five blocks of Figure 3
may be recycled several times during the course of analysis
of a complex advanced technological objective (ATO). An
initial team might break the ATO into a structure of sub-.
problems extending.four. or five levels. Later teams might

.. then undertake the analysis of ATOs which are lower level
problems of prior problem research efforts. For example, 1f
Problem Research were applied to the national objective of
cleaning up the' environment, the process ﬁight be recycled a
dozen times before it yielded the reélly critical Research
Needs at a le#el of specificity that-sciehtists could readily

come to grips with these problems.

COST OF PRORLEM RESEARCH

The incremental cost of accomplishing Problem Research
"can be quite modest when accomplished in conjunction with

f_lO -
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v _.__..related activities which are taking place. Such activities
include various program studies (mission analysis, feasibility,
mission analysis,'technologiéal barriers,‘etc.). By reaching
the objectives of Problem Research in addition to the normal
objectives of such activities, there may be some slight increase
in cost; but it would contribute significantly to the usefulness
of the results. ' ’

_ These studies routinely. identify problems which are
discussed in reports. The utility of this problem information
is degraded, however, because the information is buried in
the report and can neither be retrieved nor selectively
disseminated at reasonable costs. Even if the entire report
gets into the hands of a poténtial producef of knowledge

. required to solve one of these problems, he probably would
not wade throught the report fo_find and assimilate the
problem. If, on the other hand, the potential producer
receives only a one-page problem resume with a title indicating
it is in his area of interest, he is much more likely to read it.
Then noting in the sources listed on the resume certain research -
reports, he might then discover their value. €elective
dissemination of resumes therefore has another berefit:
increasing the use of original reports. ‘

The absolute cost of carrying through the process depicted
in Figure 3 is sufprisingly low. An experimental Problem
Research analysis‘df problems in éeveloping 5 competitive,
flight-weight MHD generator (OAR 69-0020, AD 859-947) was
carried through Phase IA for é total cost of $6,195. This
figure included all costs, even allowing for overhead
(at 90%) on the salary of inhouse participants. Since this
was an experimental effort, there is cood reason to believe
that the cost could be brought down considerably with
experience and the availability of qualified junior officers

and civil service personnel as problem analysts.

.

- 11 -




Thg most significant cost reduction possibilities do not
lie directly in the problem research process, but rather in
the elimination of work which otherwise would have been under-
taken. While not called, Problem Research, the eguivalent is
now going on, even though full benefits are not being realized.
Major contractors conduct studies and analyses in an attempt
to predict the areas of technology vital for future defense
business. Since the results of these efforts are gclosely
held, the same basic analysis may be duplicated by several
different contractors. o —

Systematic and comprehensive problem research by the

" Air Porce, based on a set of truly advanced technological

objectiwes for capabilities of extraordinary significance,

would eliminate the need for much of the redundant study effort
which is now going on. While the costs of the current

analytical effort is not visible, it is paid for by the Government

. as overhead. Probably more significant than dollar savings

from reducing these redundant activities is freeing of
scientific and technical brainhours for more productive use.

- 12 -




" THE ROLE OF PROBLEM RESEARCH IN MAKING

ATTAINABLE AN ADVANCED TECHNOLOGICAL OBJECTIVE

(NOTE: Originally this figure was a long fold-out chart. For the
ease of reading overlap and tape the pages together. )

THE TEAM LEADER acts as “"Project Manager”™
for the problen research effort., Later,
he norrally continues as the ATO Monitor
during the process cf building the base
of knowledge and technology recuired tc
make attainment of the advancecd techno-
logical objective (ATO) feasible. The
Team Leader should ke an inhouse staff
member knowledgeable in the ATO area.

THE PROELEM ANALYST serves as consultant
to the Team on problem research metho-
dology and is the writer/editor fcr ali
documentation, thus relieving the experts
of this burden. The Problem Analyst pre-
pares documentation in collaboration with
the substantive experts by preparing
‘multiple drafts for mark-up and criticism
by the senior author. Junior inhouse
staff rembers will normally serve as
Problem Analyst,

ATO CONSULTANTS are experts in the field
of the advanced techrnological objective.

PAPTICIPANTS IN THE PROBLEM RESEARCH PROCESS

Either inhouse or contract experts may
scrve in this role.

- INHOUSE SCIENTISTS are those scientific

ané technical stasf members most highly
gualified in the area of particular prob-
lerms. They provide information and tech-
nical judgments related to particular
oroblems through oral dialogue with the
Team Leader,

MONITORS (for individual problems, the
ATC, and rajor sub-objectives) are inhouse
staf‘ merbers who are assigned responsi-~
bilities related to developing the base
of knowledge required for solution of
individual prcLlems or the attainment of
the ATO or major sub-objectives. Monitors
serve as focal points for all types of
inforration relative to solution of the
problem or attainment of the objective.
The name, address and telephone number of
the assigned Problem Monitor appears on
the Problem Resume.

DELIVERAELI PRODUCTS OF THE PROELEM RESEARCE PROCESS

" PRODUCT #1 ~ Definition cf the otjective.
This product consists of (1) a screratic
diagrar (if the oprective invoulves a
device), (2) a set c¢f functional flow
Ltlock ciagrams (FF81's) covering essent
fancticns in the dewvice's cperat:i¢rn, an
{3: target perfcrrance specif:icaticne,

FRODUCT ¢2 - R set c¢f FrED's docurmentirg
e strustire ¢f functiens ané suifance
tione where rrroved ferisrrance nricisges
se contrituse rost effestiv rely ¢ atsain
~ent ¢f zarcet perfcrrance cllectives.
.

PRODUCT ¢3 - Protler Pesumes dosuronting
technclegical probliers (Technclogy Needs)
whose solution collectively provide the

techrology reguired for attainment of
resfermance called feor in Product $1.

FFOTUCT 44 - Problem Resures documenting
kesearch Leeds, i. e., problems whose
sc.ution would provide the tasis for
iution cf the techrological problems
in Froduct $3.

TJIT #5 - Ar analvtical report whach
::::e the tire frame in u“;c* the
‘ledae and technoloecy necessar fer
einrent ¢! the ATD will pretanly be
ailablle. Tnie reprrt also ovtlines a
Frigras of support for pacing areas of
research cdesicned to reduce the time
required tc make the ATO attainable.
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DEC1£108 IS MADE TC PERFORM

PFOBLE! RESEARCH ANALYSIS
OF A LONG-RANGE, ADVARCED

TECHNOLOGICAL OBJECTIVE (ATO)

Attainment of the ATD is pre-
surmed to be (1) of excep-=
tional value to the Alr Force
ard (2) i-possible at the
cresent ti:me owing to lack of
surrorting techroleogy. Frob-
ler. Research will be used to
(1) identify supporzing
technclogy which, if avail-
able, would make the AT
attainable and {2 determine
i€ such technology 1is cur-
rently "on the shelf.” 1If it
is not on the shelf, then the
process must be continued to
{3) determine if it can ke
rroduced on the basis .of
evailatle knowledce, amd, if
this is not pessikle, (4)
define the scientific content
cf the rroblems which rmust be
solved to provide the
scught-for technclegy.
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[ 2 |TEAM LEADER, ATO CONSUL- |
TANTS, AND PRCBLEM ANALYST,
IDENTIFY FUNCTIONS WITH

THE MOST LEVERAGE

They define and document
structure of functions and
sub-functions where per- .
formance improvement will
contridbute rest effectively

to attainment ¢f the ATO.
PRODUCT ¢2

TEXY LEADER AND PROBLEM
ANALYET DEFINE OBJECTIVE

They describe, and express
cuantitatively where
possible, capabilities
which would constitute

attainment of the objective,
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‘Techﬁoloqy e
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tecde are €c<
i Trorler Resure
, "¢ Team Leauer
VU Testler M2

irent ef
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DER, ATO CONSUL-
- PRCELEM ANALYST,
CTI0NS WITH
EVERAGE
/e and document
f.nctions and
ons where per-
rprovement will
ress
ent ¢f the ATO,

UN

of

effectively

OLUCT ¢2

ATO CONSUL-~
DBELEM ANALYST
NEEDS

L JTERM LERTER,
S, ANI FE

TCUMENT TECHNOLOGY

! Technology leeds indicate
“OC“JC advances in

rent ¢f the cbjective
- -se:ble.
r¢a& are docurented on
’r:bler resure forms with

K3 Acam Leader listed as
tlem Monitor.”
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4 |{CIFCULATE TECHNOLOGICAL
LEMS TO AFPROPRIATE
SE SCIZNTISTS

Pesures of technzclogical
rroolems are circulated to
irncuse scientists most
krowledgeable in relevant
disciplines.

PHASE 1 - ANALYZE OBJECTIVE -- DETEPMINE TECHNOLOGY NEEDS -~ DETERMIKE

SCIENTISTS

ars,
1. relevant
1dentafy
ronterc, and
3uéaro:ts
tizew B

s |7ras LEADER RECEIVES )
?EoEACE FRCM INHOUSE

Team Leader talks over
eact Techrociogy Need with
inhcuse Scientists to (1)
iearr current state of the
(2) identify
research, (3)
rrotlems with
s:enificant scientific
(4) cbtain
‘or use in
function.

ieaders
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ERMINE RESEARCH KE

N

OLLIN

~J,"

Frotlens
evaluation

cpntent,
Pes
"want acs”
scientifac
L;equxred.

LALYST
NEED PPOELEM RESUMES

Prchler Resumes will be
rrepared documenting
Rosearch Needs related to
solutizn of Technology Need
{Block 3)

cated significant scientific
These Probler
umes are to serve as

ONITORS .AND PROB-
PRLTARE RESEARCH

for which
{Block 5) aindi-

for the new
knowledge

6 |APPROPRIATE AUTHORITY
~n5SIGNS MONITGORS

Inhouse exper:s are assigned !

PRCDUCT

t4

MIRITOR:

as ronitors for the ATO,
each major sub-objective,
and for individual problems,

-

Le]rz
o ‘..—OPS,

will becore feasitie.

ZAM LEADER, PRCELINM

N2 ATO

2OHSTL- |

'

[N T™
TANTS FIGURE OLDES.

For each prctlem odcés arel
assigned to (1) ove*al; \
feasikil:cvr of scluzien, (2)
rrebable rance cf dates c'r-
ing whiclh scluticn s most
l:Rely te ccoccuz, ang (2 the

cost of accelerating sclu=-
ticrn throuch additacral
rescarc!. effort. Cdds will
alec be vlaced orn +he date
that  achicverent of the |
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