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Abstract

This paper reports on the devel-
opment of a method to analyze and
classify the problem statements of
requestors of technology transfer
assistance through NASA’s
Marshall Space Flight Center. With-
out a classification structure for
problem statements, those respon-
sible for finding solutions to tech-
nology-related problems have been
unable to easily determine whether
a problem is unique or if a solution
has already been determined for
similar problems.

A content analysis approach was
developed to analyze problem state-
ments from a technology transfer
requests database. Results from the
analysis were used to build a hier-
archical classification structure
which categorized the problem
statements to three levels of detail.
The resulting classification structure
was evaluated and validated by an
independent expert.

Prior to this study, no method for
analysis and classification of prob-
lem statements was available to
those responsible for providing tech-
nology transfer assistance. The re-
search indicates that a useful analy-
sis and classification methodology
that should improve the efficiency
of the technology transfer process
has been developed.

Introduction

For many years the United States Gov-
ernment has pursued a policy of encour-
aging, even requiring, taxpayer-funded
Federal Agencies to aggressively pursue
the transfer of appropriate Government
and Government contractor-developed
technologies to the private sector of the
U.S. economy. In 1986, Congress, con-
cerned about the international trade im-
balance and anxious that U.S. leadership
in science and technology was not trans-
lating directly into leadership in the com-
mercial marketplace, passed the Federal
Technology Transfer Act.

This Act authorized government-
owned, government-operated laboratories
to form a cooperative research and devel-
opment agreement with private-sector
partners. The National Competitiveness
Technology Transfer Act of 1989 pro-
vided further authority and guidance.
This Act mandated technology transfer as
a mission for federal research laborato-
ries (McCain and Hudson, 1996).

One of the difficulties associated with
such a large endeavor is identifying those
commercial enterprises that are willing
and able to bring government-owned or
government-developed technologies to
market. Another difficulty is identifying
which technologies are most appropriate
for commercialization. These two issues
are often addressed through a Technol-
ogy Transfer Agreement (TTA), included
as Appendix A, between a government
agency and commercial requestor of tech-
nology transfer assistance.

Key to the TTA is the technical prob-
lem statement that describes (or at least,
should describe) some sort of technical
question that has been raised for inquiry,
consideration, or solution. As the num-
ber of requests for technology transfer
assistance has grown, those responsible
for providing technology transfer solu-

tions are repeatedly encountering TTAs
that contain problems that are not
(i.e. the problem has been solved in a pre-
vious instance) (W. H. Fieselman, per-
sonal communication, February 14,
1997). However, there is currently no
adequate system in place to assist in iden-
tifying problem statements that have been
solved as a result of a previous request.
Because technology transfer provid-
ers are unable to distinguish whether or
not a problem statement is unique, a sig-
nificant amount of time and effort may
be expended to find a solution for a prob-
lem that has been previously solved. The
research reported upon here describes a
method which has been developed spe-
cifically to address this shortcoming. The
method employs the combination of a
unique application of content analysis and
outside evaluation to build a classifica-
tion structure for TTA problem state-
ments. The structure holds the potential
to be a useful tool in improving the effi-
ciency of the technology transfer process.
Further, the method may be appropriate
to engineering and technology research-
ers as they attempt to better understand
other types of problem statements.

The Nature of
Problem Solving

A “problem” is an undesirable situa-
tion that is significant to and may be solv-
able by some agent, although probably
with some difficulty (Agre, 1982). In the
context of technology transfer, the prob-
lem definition statement contained within
a TTA plays an important role in the de-
termination of which technologies and
other resources are available for use in
the problem solution.

The technology transfer process is es-
sentially a problem structuring and solv-
ing process. The process involves iden-

1/3 September-December 2000 9



tification of government-developed tech-
nologies that are appropriate solutions for
private business problems.

Many researchers (Barnhard, 1938;
Polya, 1945; Reitman, 1964; Pounds,
1969; Bartee, 1973) have discussed dif-
ferent elements of the problem solving
process. Yet, few of these studies yielded
definite conclusions and none proposed
a comprehensive problem solving meth-
odology or theoretical model. In more
recent years, however, researchers have
built upon these early works to the point
that a general model (Smith 1989, 1988,
1985) and several discipline-specific
models of the nature of problem solving
for Marketing, MIS, Accounting, and
Engineering, among others (Khazanchi
and Yadev, 1995; Turban, et al., 1996;
McLeod, 1995; Henson and Hughes,
1991; Malhotra, et al., 1987; Zitelli and
Tucker, 1991; and Ransom, 1990) appear
in the literature. In each of these models,
problem identification and definition are
considered the first steps in successful
problem solving.

Although problem definition appears
to be recognized as a key component of
problem solving, the problem definition
process has been largely ignored in the
management science literature (Lyles and
Mitroff, 1980) despite Drucker’s (1954)
statement of problem definition’s impor-
tance as a critical activity.

“Indeed, the most common source of

mistakes in management decisions is

the emphasis on finding the right an-
swer rather than the right question....

The important and difficult job is

never to find the right answer, it is to

find the right question. For there are

Jfew things as useless—if not as dan-

gerous—as the right answer to the

wrong question” (Drucker, 1954,

111).

In his 1989 work on defining mana-
gerial problems, Smith theorized a pre-
scriptive framework for problem defini-
tion. While Smith’s theorized problem
definition framework is a positive step
forward in the research of problem defi-
nition, it is not without its deficiencies.
The framework has not been practically
applied. Smith recognized that further
work is necessary to determine 70w man-
agers and management scientists define
problems. The framework has not been
validated in either field or laboratory con-

texts, using problems actually faced by
subjects or assigned by experimenters.
Also, the framework contains no meth-
odology for analyzing and classifying
problem definitions. Without an analy-
sis and classification methodology, the
problem definition concept continues to
be elusive. Development of such a
method, therefore, would appear to offer
a significant contribution to researchers
and practitioners as they continue to
struggle to gain a better understanding of
the essence of good problem definition.

The Technology
Transfer Process

Technology transfer is the process by
which technology, knowledge, and/or in-
formation developed in one organization,
in one area, for one purpose is applied
and utilized in another area or for another
reason (“Technology Transfer,” 1990).
Technology is the practical application of
knowledge, especially in a particular area
(“Merriam-Webster’s...,” 1995). NASA,
the U.S. Department of Defense (DOD),
and the U.S. Department of Energy
(DOE) are three of the government agen-
cies most affected by legislation concern-
ing technology transfer. Of these three,
NASA’s role in technology transfer holds
particular significance to this research.

For many years, NASA has had a for-
mal program designed to transfer infor-
mation about new technologies developed
for space application to the commercial
sector of the economy. The Technology
Transfer Office of NASA’s Marshall
Space Flight Center (MSFC) is one of the
more successful implementations of this
program. MSFC has been in the forefront
of the development of U.S. industrial as-
sistance programs using technologies de-
veloped at the Center. The innovative
processes and procedures developed by
the MSFC technology transfer program
have been used as an informal model for
the rest of the NASA technology transfer
community (“NASA/Marshall...,” 1997).

Marshall’s focus concerning technol-
ogy transfer is on the process of, and re-
sults obtained from, moving scientific dis-
coveries and newly developed technolo-
gies from a Federal Government Labora-
tory or Agency to the non-Government
industrial community (Craft, 1994). An
example of a new technology developed

by MSFC and available for transfer to the
commercial sector is the Passive Light
Exposure Module (PLEM) described in
Appendix B.

NASA and its agents use the TTA to
identify the most appropriate resources
available within NASA to solve technol-
ogy-related problems. The TTA form con-
tains requests for information about the
company requesting technical assistance,
a question asking how the company
learned that NASA provides technical as-
sistance, a space for definition of the tech-
nical problem, a space for listing actions
already performed by the company in at-
tempting to solve the problem, a space
for listing the desired result(s) associated
with the problem solution, and a question
asking when the results are needed.

Completed TTAs are administered by
the Regional Technology Applications
Board (RTAB). The RTAB meets each
week to consider the TTAs placed on its
agenda. The RTAB examines the tech-
nology-related company needs as defined
in the TTA and attempts to match those
needs with technologies and other re-
sources available through NASA or other
government organizations (‘“Technology
transfer agreement services,” 1997).

RTAB meetings are conducted via
teleconference between the Stennis,
Kennedy, and Marshall Space Flight Cen-
ters and several other affiliated offices
(federal laboratories and university cen-
ters). A round-table discussion of the
problem and potential solutions is fol-
lowed by designation of an action and
assignment of a Project Engineer (PE).
In addition, the Board may come to an
agreement to request more information
from the company requesting assistance,
refer the request to other agencies, or de-
termine that the problem cannot be solved
through the technology transfer process.
The latter is an absolute last resort after
all other possibilities have been ex-
hausted.

Like other technology transfer provid-
ers, the RTAB repeatedly encounters non-
unique problem statements. The result is
that PEs often find themselves “reinvent-
ing the wheel” - expending time and ef-
fort searching for solutions that have al-
ready been found. If the RTAB had a clas-
sification structure for TTA problem state-
ments, the Board could use the structure
to determine if a like problem had already
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been considered by the Board in the past.
While there has been considerable re-
search into the nature of problem solving
(Smith; 1988, 1989) no analysis and clas-
sification structure for problem state-
ments has been developed (Harper and
Rainer, 2000)

METHOD DEVELOPMENT
Content Analysis as a

Research Tool

The aforementioned technology trans-
fer process used by MSFC includes a his-
torical record of the technology transfer
assistance requests that have been ad-
dressed by the RTAB since its inception.
The database was made available to the
researcher for analysis. Because of the
qualitative and subjective nature of the
problem statements contained within the
database, content analysis was judged to
be a candidate method for analysis of the
problem statements.

Content analysis deals with the sys-
tematic examination of current records or
documents as sources of data (Best, 1977)
and is a common technique employed in
the social sciences to draw inferences
from text (Weber, 1985). It is executed
by objectively and systematically extract-
ing attributes from written communica-
tions (Carney, 1972) and by analyzing
those extracted parts (Budd, Thorp, and
Donohew, 1967). This established re-
search methodology has been used for
such purposes as

e to describe prevailing practices or
conditions;

* to discover the relative importance
of, or interest in, certain topics or
problems;

* to discover the level of difficulty in
publications;

* to analyze the use of symbols; and

e to identify the styles of the commu-
nications’ authors and evaluate their
biases (Best, 1977).

As a mode of observation, content
analysis is usually an operation of cod-
ing (Babbie, 1979). Communications -
oral, written, or other - are coded or clas-
sified in terms of some conceptual frame-
work. However, no such conceptual
framework exists for technology transfer
problems. Historical records of the board
contained in the Technology Transfer
Utilization Office database were sampled,

analyzed, and classified in order to de-
velop the classification system for the
problem statements submitted to the
RTAB by requestors of technology trans-
fer assistance. Therefore, the researcher
started the content analysis with no a
priori expectations as to which actual
classes of problem statements would
emerge.

The Research Study
Database

The researcher was supplied with an
extract of the TTA database that is main-
tained by CRC Corporation on behalf of
NASA’s Marshall Space Flight Center
Technology Utilization Office. The iden-
tity of all requestors of technology trans-
fer assistance is confidential. Therefore,
all database attributes containing any
company information were excluded
from the TTA database used in this study.
The attributes included in the study data-
base were:

* aunique alpha-numeric identifier
that identified each record and the
contact point (i.e. Marshall, Stennis,
Kennedy, or others) of the initial re-
quest for assistance;

 the TTA problem statement;

* astatement of actions already per
formed by the requestor company (if
any) in an attempt to solve the prob-
lem;

 a statement of the desired results
from the solution of the problem;

* Technology Transfer Office closure
information (the text of the closure
letter sent to the requestor);

* Technology Transfer Office com
ments (i.e. what was done to solve
the problem, contacts, or actionees);
and

* close status (i.e. closed positive,
closed negative, referral, out of
scope, withdrawn).

Sample Selection

A random statistical sample of 1,000
TTA records was selected from the popu-
lation of records in the RTAB database
using random numbers generated by a
computerized spreadsheet application.
The database contained 8,232 TTA
records, representing every TTA consid-
ered by the RTAB since its inception. The

sample, therefore, represented 12.15 per-
cent of the database population.

Determination of
Classification Structure

Past uses of content analysis as a re-
search method have utilized some sort of
theoretical framework as a basis for cod-
ing qualitative statements. No such
framework exists for problem statements.
Therefore, it was necessary to build a
classification structure as the problem
statements were analyzed.

An important consideration in any
classification attempt is how to represent
relations between classes. Based upon
conversations with the members of the
and RTAB concerning their preference for
a classification structure, it was deter-
mined that the Board preferred a tree-type
classification structure of three descend-
ing levels, with each level being more
detailed than the level above it, because
they believed it to be the most functional
for their purposes and the purposes of the
requestors. In this structure, the top-level
class of the structure is a general descrip-
tor of the problem type, the second level
class further refines the problem type, and
the third, lowest level, allows for group-
ing of problem types into homogenous
classes. The experts in the NASA Tech-
nology Transfer Office thought that a two-
level structure would not be detailed
enough, while a four-level structure was
believed to be so detailed that all but a
few problem statements would be in their
own class. Other structures, such as ma-
trix or network structures, were thought
to be too complicated for practical use.

Besides practicality, another important
attribute of a classification structure is its
ability to represent reality. The problem
statements faced by the RTAB often con-
tain multiple dimensions, such as mate-
rials, process, personnel, marketing, and/
or financial considerations. A tree-type
structure does not necessarily capture all
of these dimensions in its parent-child
structure. Other representation methods,
such as plex network, relational, or ob-
ject-oriented structures may be superior
when dealing with such complexities.
However, the expertise required to de-
velop and maintain these structures, as
well as the difficulties associated with
explaining them to individuals who must
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ultimately internalize and take ownership
of the classification system, dictates the
use of a more straightforward classifica-
tion system. Hence, the tree-type struc-
ture was deemed to be most appropriate
to accomplish the purpose of the study.

Classification Guidelines

Content analysis is a systematic so-
cial science research methodology. Be-
cause the analysis had no framework as a
basis, a set of finite guidelines was de-
veloped to ensure consistency in the clas-
sification process. Without consistency,
accurate classifications that are reliable
and valid cannot be made. The follow-
ing guidelines were developed to ensure
consistency in the classes and classifica-
tion structure resulting from the content
analysis.

1. Only TTA problem statements that
contained sufficient information for clas-
sification were assigned to the three level
classification structure. Information was
considered sufficient if words or phrases
contained in the problem statement ex-
plicitly or implicitly indicated the nature,
source of, or cause of the problem, and
the problem could be characterized by its
components to the point that it could be
cataloged. This guideline ensured suffi-
ciency of information for classification.

2. Classification at the highest level
was required to be based on a tangible
entity, not a technology or process. In-
sisting that the top-level classification was
based on a physical thing relieves the clas-
sification method of two problems that
might otherwise confound the process.
The first is that requestors are usually
looking for a government-developed
technology or process as a solution to
their problem. In virtually all instances,
the problem is related in some manner to
a good or service, a raw material, a ma-
chine, the organization’s personnel, or
some other form of capital within the or-
ganization. Business people often think
in terms of these physical resources and
will often state their problems in terms
of them. A good classification system
should be structured in a way to most
closely identify with the way the prob-
lem is stated.

Also, while a process or technology
is often involved within the scope of a
problem, a classification structure using

all the tangible entities, all the processes,
and all the technologies associated with
real-world business problems would
quickly become unwieldy and so complex
that its utility would be diminished. By
requiring the highest-level classes to be
associated with a physical entity and not
with a process or technology, the number
of highest-level classes was reduced and
the entire structure simplified.

One exception was made to this guide-
line. General information was determined
to be a top-level category even though it
is not a tangible entity. However, today’s
managers recognize information as an
important resource within the firm. Al-
though information is conceptual in na-
ture, many of the management techniques
that are applied to the physical resources
of the organization are also applied to the
resource of information as well.

3. Sub-category classifications were
required to further refine and describe the
problem setting within the overall con-
text of the highest-level classification to
which the problem statement had been as-
signed. While tangible entity classes were
desirable at this level also, a process or
technology classification was allowed if
it was considered superior to a tangible
entity classification in further refining the
categorization of the problem statement.
Problem statement classification is a part
of the larger need to have well-defined
problem statements. While it can be over-
done, specificity in classification is de-
sirable as it helps to narrow the focus of
the solution effort. The purpose of this
guideline was to ensure that a sub-cat-
egory was more specific to the problem
statement than the top-level category to
which the problem statement was as-
signed.

4. Sub-sub-category classification
was required to differentiate the problem
statements in a sub-category class to the
point that, while not all the problem state-
ments would be the same, the statements
shared similar conditions, products, ma-
terials, equipment, or other components.
The purpose of this guideline was to en-
sure a certain amount of homogeneity in
the problem types that shared a sub-sub-
category.

5. Where a problem statement con-
tained more than one potential class, sub-
class, or sub-sub-class, a determination
of which class best fit the statement was

made based upon the latent content of the
statement, rather than the manifest con-
tent. Latent content has to do with the
underlying meaning of words or passages
(what is implied, but not necessarily di-
rectly stated), as opposed to manifest con-
tent, which describes the concrete terms
of text (i.e. word counts). Content analy-
ses based upon latent content have been
shown to be more valid than those based
upon manifest content. Latent content
analysis is better designed for tapping the
underlying meaning of communications,
allowing the researcher some judgment
in determining the context and intent of a
statement (Babbie, 1979).

The purpose of this guideline was to
establish a standard that allowed pursuit
of the most valid classes possible. Be-
cause latent content analysis has been
shown to be a more valid measure, and
because it is necessary to use the method
that best attempts to determine the real
meaning of each problem statement, la-
tent content analysis appears to be the
most appropriate form of content analy-
sis for this study.

Initial Analysis

A “TTA Analysis Form,” shown in
Figure 1, was developed to aid in docu-
menting the analysis.  The form con-
tains six columns. The first column de-
notes the unique identifier of the TTA.
The second column indicates whether the
TTA problem statement contains enough
information to allow for classification.
The next three columns denote the class,
sub-class, and sub-sub-class assigned to
the problem statement. The final column
allocates space for notation of any at-
tributes (i.e. product application, perfor-
mance specifications, etc.) that might be
important in completely defining the
problem.
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TTA Analysis Form

TTA# EVNEL?| Category

Sub-Cat

Sub-Bub-Catl Other Attribs.

Figure 1 — Example of the TTA Analysis Form

The first step in the analysis process was
to determine whether the problem state-
ment contained sufficient information to
form a judgment for classification. One
reason for this study is that many prob-
lem statements are vague, ambiguous, or
incomplete. If a problem statement was
judged not to contain enough information
for classification purposes, the “actions
to-date” and “desired results” statements
were also analyzed in an attempt to gain
enough information to classify the prob-
lem. If, after examining all this informa-
tion, it was determined that there was not
enough information to make an informed
judgment as to classification, the TTA
analysis sheet was marked “N” for no in
the “enough information?”” column. Oth-
erwise, the column was marked “Y” and
the problem statement was classified ac-
cording to the classification guidelines
listed above and its attributes were noted.

Example TTA Analysis

The Marshall Space Flight Center
TTA #6365 may be used as an example
of how the analysis process was applied
to TTAs. MSFC-6365 includes the fol-
lowing problem statement:

Porcelain coating is sprayed on steel
and fused to steel via high tem (700-
1000 degree) baking. The thin porce-
lain coating on steel is very brittle.
Whenever the porcelain develops mi-
cro cracks due to impact, the steel un-
derneath begins to rust. Therefore, we
need a protective clear coating for por-
celain that would stick to the porce-
lain.

The previous actions section of the TTA
states:

Clear acrylic, polyurethane and epoxy
coatings have been tried - none of them
stick to the porcelain.

The desired results section of the TTA
states:

The coating should 1) be clear, 2) be
hard, 3) be scratch-resistant, 4) be
stain resistant, 5) must stick to the por-
celain, and 6) be repairable/
recoatable.

For this example, an initial reading of
the problem statement indicated that there
was sufficient information for classifica-
tion available to the researcher. The TTA
was classified in the materials class, the
coatings sub-class, and the protective sub-
sub-class, indicating that the problem

statement concerned a protective coating
materials technology.

Second Analysis

Once all of the sample problem state-
ments had been content analyzed, the
entire sample was subjected to a second
analysis using the same methods and
guidelines as were used in the first analy-
sis. There were two reasons for this sec-
ond pass at the data. First, the researcher
has a business-related background and
education. The engineering and physical
sciences fields contain many concepts and
phrases that are foreign to him. As the
researcher progressed through the prob-
lem statements, he experienced an incre-
mental learning process that yielded a
better understanding of the terms, mate-
rials, devices, etc. that are inherent to the
technology transfer process. Therefore,
the researcher believes that, while the in-
cremental learning process helped con-
siderably in classifying the problem state-
ments in the latter part of the sample, the
analysis of the earlier statements in the
sample was performed without this ben-
efit.

The second reason for analyzing the
data a second time is that many, if not
most, of the statements contained words
and ideas that spanned more than one cat-
egory or sub-category. The second analy-
sis gave the researcher an opportunity to
revisit his justification for the problem
statement class assignments and to reclas-
sify the statements, if appropriate.

Once the second analysis of all of the
problem statements in the sample had
been completed, the resulting classified
TTA problem statements were summa-
rized. Each TTA that had been classified
was listed in its appropriate sub-sub-class.
The number of TTAs assigned to each
class, sub-class, and sub-sub-class were
tallied and indicated on the form.

Tests for Classification Consis-
tency and Utility

Once the tree-structure of problem
classes had been developed, content va-
lidity was tested by two means. First, an
additional 100 item random sample was
drawn from the TTA database. No previ-
ously analyzed problem statements were
included in this additional sample. Each
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of the TTA problem statements were ana-
lyzed to determine if they “fit” within one
of the three level classifications estab-
lished by the content analysis.

Second, the tree-structure of problem
statement classification was presented to
an independent expert with expertise in
the high-technology government-con-
tracting environment, particularly in the
area of space exploration technologies. A
Registered Professional Engineer, Ken-
neth J. Graves, with over 30 years’ expe-
rience in the high-technology govern-
ment-contracting environment, was in-
vited to evaluate the classification struc-
ture developed as a result of the content
analysis of the sample of problem state-
ments from past TTAs. After a presenta-
tion to Mr. Graves concerning the pur-
pose and scope of the research study and
the methodology employed, Mr. Graves
and the researcher discussed each class,
sub-class and sub-sub-class obtained
through the content analysis.

The purpose of this part of the evalu-
ation was to obtain Mr. Graves’ frank
opinions concerning whether the classes,
sub-classes, and sub-sub-classes were a
reasonable and consistent representation
of problem statements in the technology
transfer process. Discussion centered on
how classification titles were determined
and whether the relationships between the
classes, sub-classes, and sub-sub-classes
were correct and consistent with com-
monly applied principles in the engineer-
ing field.

For example, a lengthy discussion
concerning the name of the sub-class
Polymers/Plastics of the Materials class
focused on whether Polymers was a more
appropriate title for the class, with Plas-
tics becoming a sub-sub-class under Poly-
mers. Areview of the problem statements
associated with this classification, how-
ever, satisfied Mr. Graves that the distinc-
tion was not necessary to serve the pur-
pose of the classification structure. Al-
though plastics are indeed a type of poly-
mer, it was agreed that the combined
name would not cause confusion to users
of the classification structure and that a
plastics sub-sub-class would not be as
useful as the more specific sub-sub-
classes developed in the study.

Another example of a sub-class that
Mr. Graves initially questioned is the sub-
class Insulation within the Materials class.

Mr. Graves asked if classification might
be more appropriate by listing insulation
as a sub-sub-class under the material from
which the insulation was made (i.e. fiber-
glass, rubber, stainless steel). After con-
siderable discussion and review of the
applicable problem statements, however,
it was concluded that insulation was an
important enough topic to have its own
sub-category. As a result of this part of
the expert’s evaluation, one sub-class and
five sub-sub-class titles were reworded.

Mr. Graves was also asked to content
analyze and classify a small sample (12)
of randomly selected problem statements
from the initial sample. Later, the expert’s
classifications were compared to the
researcher’s classifications of the same
problem statements. Of the twelve state-
ments, 11 (91.6 percent) were classified
the same by both individuals. One state-
ment was classified differently. Upon
further review, the researcher agreed with
Mr. Graves’ classification of the statement
and made the appropriate revision to the
classification in the study records. The
problem statement in question related to
a need for wheels for a specialized beach
cart that was to be constructed of plastic
and capable of negotiating uneven, soft
terrain. The researcher had classified the
problem in a Materials-Polymers/Plas-
tics-PVC category. However, Mr. Graves
classified the problem in the Devices/
Appliances-Mechanical-Wheels cat-
egory.

At the conclusion of the evaluation,
Mr. Graves expressed agreement with the
make up of the classification structure.
He further stated that he believed the
structure would be useful and easy to use
by the RTAB.

FINDINGS

The intention of the design and execu-
tion of the study was to develop an analy-
sis and classification method for problem
statements in technology transfer assis-
tance requests. A content analysis method
was developed that allowed for analysis
and classification of a random sample of
TTAs from the Marshall Technology
Transfer Utilization Office database
population. The TTAs that contained suf-
ficient information for classification were
subjected to a unique form of content
analysis that resulted in the problem state-

ments being classified in a tree-type, three
level structure. Table 1 represents the
upper two levels of the classification
structure developed using the analysis and
classification methodology described
here. The numbers listed to the right of
the Classes and Sub-classes indicate fre-
quencies within the original sample of
1,000.

Additionally, the study utilized a sec-
ond random sample to determine whether
the classification structure was suffi-
ciently inclusive of most of the problem
statements. The second sample con-
formed completely to the class and sub-
class categories as developed in the ini-
tial analysis. In addition, this phase in-
cluded testing of the reasonableness of the
classification structure by an expert in the
field and a test of the consistency of the
classification structure. The analysis and
classification method was deemed a rea-
sonable and consistent system, which
yielded a useful structure.

CONCLUSIONS
AND IMPLICATIONS

The research study was undertaken in
response to a stated need of the RTAB
for better problem statements from
reqestors of technology transfer assis-
tance. Specifically, the project developed
and tested a method for analysis and clas-
sification of problem statements associ-
ated with technology transfer requests.

The method developed here has al-
lowed for formal documentation of the
technology transfer process, as employed
by the Marshall Space Flight Center Tech-
nology Transfer Office and the associated
Regional Technology Applications Board.
In addition, the shortcomings associated
with the current problem statements and
problem definition process used to re-
quest technology transfer assistance have
been placed into context with what is for-
mally known about the problem solving
and problem definition processes.

Previously, no method for analysis and
classification of problem statements had
been documented. Problem statements
can be analyzed and classified. The
method executed here has been used to
analyze and classify the problem state-
ments included in technology transfer
assistance requests received by the RTAB.

TTA problem statements can be ex-
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Commter Hardware

Containers

Dianers

Directional

FEnerov

Fasteners

Filtration

Heating

Tmagino

Tniection

Machining

SRR [ R = e [T

Measurement/ Analvsis

24

Mechanisms

Medical

Motors/Fnoines

Pumns

Sensors/Detectors

Sional Transmission

Soravers

Transnort

Valves

SN [N [

Genezal Infozmation (143)

CAR Packaoces

Data Search

Presentations

Publications

Research Studies

o N2 B

mids (10)

Chemicals

Oils

\Water

Sof

twaze (103)

Annlications

Artificial Tntellicence

Svstem Interfaces

User Interfaces

Virtnal Realitv

Matezials (152)

Allovs 5
Alnminmim 7
A snhalt 1
Cloth R
Coatinos 35
Compounds/Comnosites 6
Concrete 1
Conductors 3
Fdible 1
Gold 1
Granhite 1
Tnsnlation 23
T ead 2
Paner 1
Polvmers/Plastics 14
Resins 15
Rubber 7
Stainless Steel 5
Steel 12
Tin 2
Titaninm 1
Pexzsonnel (3)
NASA 2
Trainine 1
Plans and Dzawines (1)
Architectuiral 4
Diaorams/Schematics 6
Plants (5)
Dried 1
Harvestino 2
Indoor 1
T eaves 1
@(‘m%es 3
Roat Slins 1
RBunildinos 1
[Walls 1
[Waste (22)
Tianid 7
Smoke. Gasses. & Mists 5
Solid 10

Table 1 — TTA Problem Statement Classes and Sub-classes
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amined through the use of content analy-
sis. This analysis, in turn, can lead to clas-
sification of the problem, if the problem
statement contains sufficient information
for identification of the primary consid-
erations associated with that problem.

The hierarchical problem statement
classification structure created here pro-
vides a vehicle for problem statement as-
signment, thereby lending additional or-
ganization to the problem definition pro-
cess. Problem statements with compa-
rable elements are grouped together,
while problem statements with dissimi-
lar qualities are knowingly isolated. The
structure also allows for assessment of the
relative similarity of two or more prob-
lem statements. For example, two prob-
lem statements that share the same sub-
class, yet are classified in different sub-
sub-classes, possess more similarity to
each other than two problem statements
from different classes or two problem
statements sharing the same class that are
assigned different sub-classes.

Implications

Through the analysis and classifica-
tion method reported on here, important
elements of the problem statement have
been identified to three levels of detail.
Such identification can assist the RTAB
and the actionee assigned to find a solu-
tion in focusing their efforts to technolo-
gies that are appropriate to a problem,
thereby increasing the efficiency of the
solution effort. The method developed
through this project may be applicable to
other uses of problem statements in sci-
entific, engineering, or technology-re-
lated fields.

Although this method has allowed for
analysis and classification of problem
statements related to technology transfer
requests, the classification structure, as
developed, has not been reviewed and
evaluated by the RTAB. Although the Mr.
Graves’ review was positive, additional
input from members of the RTAB would
lend further insight into the validity and
utility of the structure. Further, although
the method may be appropriate for prob-
lem statements in other fields, it has not
been applied outside of the context of
technology transfer.

Actual use of the problem statement
classification structure would be helpful

in determining its utility and place within
the problem definition context. Itis pos-
sible that, if all problem statements were
classified at the time of the initial request
for technology transfer assistance, the
classification structure could enforce im-
proved problem statement. If, for ex-
ample, a requestor was furnished with a
listing of the classifications and asked to
classify his or her problem within the
structure, a clearer picture of the prob-
lem might be developed.

Finally, a problem statement classifi-
cation structure is not, in itself, a suffi-

cient solution to good problem definition.
The content analysis of past TTA prob-
lem statements indicated that many prob-
lem statements included minimum per-
formance specifications within which a
solution must work, as well as various at-
tributes associated with the application of
the problem entity. While this work con-
tributes to problem definition by creat-
ing an analysis and classification struc-
ture, much work remains to be done be-
fore a full understanding of this concept
is gained.

L |
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TECHNOLOGY (Jopori

OrTics TECHHNOLOGY

Low-Cost, Passive
Light Exposure Monitor

NASA offers companies g handheld device for
aucurate light exposure readings.

NASA Marshall Sp er
{MSFC) has preduced a ght exposure
monitor that is small, reusable, highly acourate, and

8 2= jer tunable for exposure and wavelength—all at & price that
( Fﬁw—: makes it a disposable item.

MSFC s passive light exposure monitor BASFC s passive light exposure monitor can be
represents a breakthrough for vsers of large designed for specific wavelengths of light and
and expensive light exposure equipment. for varving amounts of total exposure. This
This invention is: ﬂl.'m'il:fllil}'._ .i||:-|'|g with the low cost, makes a

variety of applications possible. The device

Handheld—Is stmaller than current |i.t_:'|'|l
I."K'Fl(:l.'\-ll'l'l." i."‘i.'l'l.'l]rl[l:ll."[]l:

can be wsed to monitor:

* Pazzive—H equires no batteries, power * Sun exposure tests for consumer products,
supply, or communication link materials, and chemcals
* Inexpensive—Costs only $15 i small * Material tests in space

Protorype quantities

# Ulleraviclet (L) applications, including
+ Aceurate—Compared favorably to curing processes, clectronics data erasing
l:xp-.'n.siw mieters in NASA s space = Light output over time from solar
EXprriments simularors
+ Flexible—Can be engmmeered for various « Sunlight over a large area

'.\':n'L'll.'rll_';tl'l-\. and exprosLre rinnes

Versions alza con be easily configneed for:

* Reusable—an be reser with
ACCOMPAnyINgG equipment * Month- or year-long sun exposure readings
Marticral for chimate studies
Aaronautics ) )
and Space * UN-only momtoring for studying ozone
Adminestration layer depletion

APPENDIX B

Example of New Technology Developed at MSFC
“Passive Light Exposure Monitor (PLEM)”

(from: “Technology Transfer Opportunities’ http://www.nasasolutions.com/tech_ops/plem.pdf)
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