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Information Gathering
This assessment of the USMS is based on the
identification and analysis of measurement
problems that confront U.S. industry and pose
barriers to technological innovation. Each meas-
urement problem represents a current, unmet
industry measurement need. 

The set of measurement needs identified for this
assessment, while a sampling, nevertheless is
sufficiently representative to yield good indica-
tors of the USMS as a whole.

NIST identified hundreds of industry measure-
ment needs across selected industries (sectors)
and technology areas considered to be signifi-
cant to the U.S. economy—either today or in 
the future. 

This chapter summarizes the methodology that
was used to identify, characterize, and analyze
these measurement needs within and across sec-
tors and technology areas. A detailed description
of the methodology is contained in Appendix F.

Identification of Measurement Needs 

The information used to document each meas-
urement need was gathered from one or more of
the following sources: 

• published industry technology roadmaps 

• USMS-affiliated industry workshops con-
vened by NIST and other organizations to
identify measurement problems in specific
sectors or technology areas

• various combinations of industry reports, 
technical publications, and interviews, as 
documented by NIST staff

• submissions by individuals or organizations
within specific industries

Submissions were solicited by NIST through
outreach efforts to senior executives in 120
measurement-related industry, trade, standards,
and professional organizations. NIST informed
these executives of the USMS effort and invited
participation to indicate industry measurement
needs or authenticate measurement needs 
or findings. NIST also solicited input through
news announcements, its USMS Web site, and
briefings to various industry audiences.

IV. Methodology of the Assessment 
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Because technological innovation spans a broad
range of activities—from basic research to prod-
uct and process development and beyond—and
often draws on the efforts of many individuals
and organizations, measurement needs were pur-
sued from four points of view, described below.
The objective of this multiple-view sampling
was to achieve a wide-angle snapshot of meas-
urement barriers to technological innovation
across a breadth of industries and technologies.

• Industrial Sectors: Three sectors—automo-
tive, semiconductors, and IT software—were
selected to generate a sample of industry-spe-
cific measurement needs. The industries that
make up this sampling are economically and
socially important as they depend heavily on
technological innovation and are known to
have measurement barriers to innovation.

• Technologies: Four broad technologies—nan-
otechnology, disaster first responder technolo-
gy, biomedical imaging, and magnetic data
storage7—were selected for the sample of
technology areas. (See Appendix G.) These
areas were selected because of their dependence
on innovation, potential to yield numerous com-
mercial applications, or relevance to important
national needs.

• Scientific and Engineering Disciplines:
Seven disciplines were selected—physics,
chemistry, materials science, electrical and
electronic engineering, mechanical and civil
engineering, manufacturing engineering, and
computer science and engineering—on the
basis of their foundational relationships to
new product and process technologies. 

• International System of Units (SI):
The units of the SI—both base units (length,
mass, time, electric current, temperature,
amount of substance, and luminous intensity)
and derived units—were selected because of
their centrality to the spectrum of measure-
ments performed in industry, commerce, and
science. (See Appendix E.)

Regardless of the sector, technology, discipline,
or SI unit taken as the vantage point for identify-
ing measurement problems that pose barriers to
technological innovation, all participating scien-
tists, industry representatives, and technology
experts were presented with the same challenge
whether they participated in workshops,
abstracted technology roadmaps, or otherwise
represented a measurement need. All were asked
to respond to the following question: “From
your position in this sector (be it an industry,
technology area, scientific-engineering disci-
pline, or field of measurement), what industry
measurement problems do you see that pose 
barriers to technological innovation?” 

Documentation of Measurement Needs

Basic units of input to this report are measure-
ment needs, defined as unresolved industry
measurement problems that pose technical barri-
ers to economically important technological
innovations. As mentioned previously, these
measurement needs were identified in industry
technology roadmaps; in workshops; in NIST
staff syntheses from various combinations of
industry reports, technical publications, and
interviews; or in submissions by individuals out-
side NIST. Measurement needs from the latter
three sources were documented following a stan-
dardized reporting format. The data fields of this
format are listed in Figure 4.1. 
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Within this report, these one-page, stand-alone
measurement need summaries are referred to as
case studies. These case-study measurement
needs appear in Appendix B. 

Measurement needs abstracted from published
technology roadmaps could be summarized in
general terms only, as they were documented
prior to this assessment, not documented explic-
itly for this purpose, and, in many cases, not
detailed in information for all the fields in the
case-study format.

Authentication of Measurement Needs 

Measurement needs reported and analyzed in
this assessment have undergone authentication.
That is, they were independently verified as
valid, relevant, and significant. 

For measurement needs distilled by NIST tech-
nical staff, the facts asserted were authenticated
by multiple sources external to NIST. These
sources included the following:

• industry representatives and/or technology
experts selected for their knowledge of the
specific industry or technology in question

• public domain documentary references,
including technology roadmaps

• reports from workshops having broad
industrial representation

Measurement needs abstracted from industry
technology roadmaps were considered to be 
self-authenticated. Each roadmap was produced
by a group representative of that particular com-
munity and knowledgeable about the specific
industry or technology area in question. 

Measurement needs derived from USMS-affiliat-
ed, industry-needs workshops were considered to
be self-authenticated. As a group, participants in
each workshop met the criteria for authenticators.
By design and mix of interests, the workshop
groups were knowledgeable and representative. 

Analysis of Gathered Information
The principal results of this assessment are
based on several types of analyses of identified
industry measurement needs: 

• content analysis of measurement needs
abstracted from industry technology
roadmaps

• characterization into various categories of the
case-study measurement needs identified in
workshops, documented by NIST staff, or 
submitted by individuals outside of NIST

• inferential analysis of all the collected 
measurement needs, whether derived from
roadmaps or case studies and whether derived
from the perspectives of sectors, technologies,
disciplines, or SI units

• authentication of the findings from the 
inferential analysis

• interpretation of the authenticated findings 
to arrive at judgments about the USMS 

Content Analysis of Measurement Needs
Abstracted from Industry Technology Roadmaps

An industry technology roadmap analysis 
was conducted. (See Appendix C.) Through the
analysis process, the set of measurement needs
derived from industry technology roadmaps was
examined, trends in measurement needs within
sectors were evaluated, and a review probing for
key themes, synergies, and commonalities
across sectors was performed.

Figure 4.1. 
Data Fields for 
the Case-Study
Measurement
Needs

� Technology at Issue

� Submitters

� Technological
Innovation at Stake

� Economic Significance
of Innovation

� Technical Barrier to
the Innovation

� Stage of Innovation
Where Barrier Appears

� Measurement-Problem
Part of Technical
Barrier

� Potential Solutions to
Measurement Problem
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Case-study measurement needs were first 
categorized according to sector/technology area,
which encompasses the combination of the eco-
nomic sector or the technology area with which
a particular technological innovation is associat-
ed, as shown in Figure 4.2. 

Next, the measurement needs within each sec-
tor/technology area were categorized according
to specific characteristics of the data fields—
Measurement Problem, Solution to the
Measurement Problem, and Potential Solution
Providers. These specific characteristics are 
listed in Exhibit 3 of Appendix F.

The categorized set of all case-study measure-
ment needs was sorted, tabulated, and correlated
according to the data fields mentioned above.
The resulting statistical data and the content
analysis of the industry technology roadmaps
were used as the basis for making inferences
about measurement barriers to technological
innovations and the USMS.

Inferential Analysis Process

As the basis of its assessment of the USMS,
NIST developed an inferential analysis process
consisting of these steps:

• examining the case-study and roadmap meas-
urement needs and the results of statistical and
content analyses to identify significant fea-
tures and patterns within and among those
measurement needs

• extracting facts from and making factual 
statements about those features and patterns

• using informed judgment to interpret the
meaning and significance of those factual
statements

Characterization Analysis of 
Case-Study Measurement Needs

The measurement needs documented as case
studies were analyzed according to various 
characteristics within seven major categories.
(See Appendix B.) 

• Economic Sector/Technology Area:
In what part of the economy does the vision
exist for the development of the particular
technological innovation?

• Stage of Technological Innovation:
Where along the spectrum, from applied
research on a concept to end use of the 
product, is the technological innovation
planned?

• Is the Technological Innovation at 
Stake a Measurement Technology?
Is a new measurement technology the planned
technological innovation? 

• Measurand: What type of quantity is 
being measured?

• Measurement Problem Posing Technical
Barrier: What is the measurement-related
portion of the technical barrier that is inhibit-
ing the technological innovation?

• Potential Measurement Solution(s): What
possible routes can be followed to solve the
measurement-problem part of the technical
barrier?

• Potential Solution Provider(s): What private
or public organizations, groups of organiza-
tions, and individuals might contribute to 
solutions to the measurement-problem part 
of the technical barrier?

Figure 4.2. 
Sector/Technology
Areas

� Building and
Construction

� Chemicals 

� Defense and
Homeland Security

� Discrete-Parts
Manufacturing
Including
Automotive

� Electronics and
Information
Technology (IT)
Hardware

� Energy, Power, and
Environment

� Health Care
Including
Bioimaging

� IT Software

� Materials

� Nanotechnology

� Semiconductor
Electronics
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• making declarative statements based on the
factual statements as so interpreted 

• identifying some declarative statements as
being based on a sufficient number of docu-
mented measurement needs and supported by
sufficient fact and logic to qualify as potential
findings and submitting them for authentica-
tion by industry representatives

• identifying other declarative statements as not
meeting the standard of a potential finding but
representing a potentially significant measure-
ment issue and submitting it for review by
industry representatives as other observations

This process for generation of potential findings
was applied to each of the 11 sector/technology
areas, as well as to the aggregated group of all
the measurement needs from each sector/tech-
nology area. In each case, a small group of
NIST technical staff knowledgeable about that
area was convened to participate in the inferen-
tial analysis process. 

The process was applied in rounds, focusing in
turn on the following areas: 

• barriers, providers, and solutions

• measurands (i.e., the quantities measured)
and cases where the technological innovation
was a measurement technology

• stage of technological innovation

• technology developer’s vision and 
cross-sector aspects

There was neither an upper nor a lower limit to
the number of findings in each round. Rather,
the number of findings, and the rounds in which

they were noted, varied across the sector/tech-
nology areas, as the data supported them. The
final round asked the participants in the inferen-
tial analysis to list challenges to measurement
innovation and the operation of the USMS that
were noted during the analysis. 

Authentication of Findings 

The findings of this assessment report are those
findings that resulted from the inferential analy-
sis process that were subsequently authenticated.
As with the case-study measurement needs, the
findings were vetted with individuals outside
NIST who were considered to be knowledgeable
and representative of a particular sector/technol-
ogy area. Authenticators, working in a web-
based environment, reviewed and commented 
on each of the findings within a specific sector/
technology area. Findings based on the entire 
set of measurement needs were similarly 
authenticated.

Interpretation of Findings

The outputs of the inferential analysis form the
basis for the principal results of this assessment,
which are, first, authenticated findings on meas-
urement barriers to technological innovation 
and, second, conclusions about the USMS as it
relates to those barriers. These conclusions are
judgments about the capacity of the USMS to
address the identified measurement barriers to
technological innovation. They are based on an
examination of the findings, the measurement
needs, the analysis of them on which the find-
ings are based, and the overall context of techno-
logical innovation within the United States.




