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Abstract

The evaluation ofenergy-related programs histori
cally has focused on assessing the direct quantitative
costs and benefits of tangible products and services.
However, many programs generate information-based
products whose benefits must be indirectly quantified.
Because information-based products do not apparently
produce ilhard" economic benefits, the evaluator faces
additional burdens beyond the methodological rigors of
a credible program evaluation. An evaluator must recog
nize and solve the difficulties ofdisseminating results to
disparate audiences that may tend to view the quantifica
tion of the benefits of information programs with skep
ticism. This paper explores the evaluation ofinformation
programsfrom a methodological perspective as well as
from an ilevaluation transfer" perspective. Techniques
used in three information-product benefits analyses con
ducted at the Gas Research Institute (GRI) are the focus
of this paper.

Introduction

The Gas Research Institute (GRI) is a not-for-profit
research and development management organization that
works on behalf of the natural gas industry and its cus
tomers. It funds R&D in gas end use, supply, and gas
operations. Members of GRI include natural gas pipeline
companies, local distribution companies, municipal util
ities, and natural gas producers.

Conducted in cooperation with gas industry partners,
GRI's R&D program has brought 170 new items to the
marketplace since its inception in 1976. GRI R&D items
fall into two general categories: (1) products, processes,
and techniques; and (2) key research information. The
first category includes tangible products, such as ad
vanced gas-fired equipment; improved processes and
techniques for producing, transporting, or using gas; and
advanced analytical tools and measurelnent techniques
that improve the understanding of the physics, chemistry,
and economics of supplying, transporting, and using
natural gas.
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For the first category of items, benefits can generally
be estimated by comparing a scenario without the GRI
product to a scenario with the product. Some measurable
change-such as fuel cost savings, a reduction in main
tenance or labor costs, or a reduction in installed equip
ment costs--can be used to calculate potential benefits.
Calculation of economic benefits from products in this
category has been the primary thrust of GRI's benefits
analysis effort.

The second category of items include information
such as databases, analytical studies, and new design
procedures. The benefits from these information items
usually result from an action taken by a user based on the
knowledge gained from the information. Because of the
difficulty in establishing and quantifying chains ofcause
effect relationships between use of the items and the
benefits, benefits resulting from GRI information items
have not generally been calculated. However, calcula
tions of the benefits of information R&D is now the focus
ofanalytical efforts to make it more comparable to direct
benefits analysis of products, processes, and techniques.

Impetus for Quantifying
Information Benefits

The need to understand and place a value on the
benefits of information items is recognized by GRI as
being critical to providing a comprehensive picture of
GRI's R&D program. Several factors have led GRI to
pursue the quantification of information program bene
fits. They include:

To provide a level playing field between encourag
ing development of both information products and
hardware products. In most R&D organizations, there
is a built-in bias towards funding hardware products, and
the development of information in many cases does not
receive equal consideration. Decision makers can more
easily conceptualize and understand "hard" benefits pro
duced by tangible products than they can conceptualize
the inherent complex mechanics of information flow and
transfer, and hence the benefits of information items.
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Moreover, many evaluators and program managers are
not able to establish defensible benefits analysis methods
to lend credibility to the process or to the value of the
information, itself.

To provide support in the planning process. Plan
ners and management need an estimation of the value of
specific information products and information programs
in general to assess the future directions of various R&D
projects. The ability to quantify information programs
will have an impact on the planning process and the future
allocation of funds within an organization.

Regulatory 0 versight. GRI R&D projects are funded
primarily by gas customers based upon a rate applied to
interstate sales of natural gas, which is approved by the
Federal Energy Regulatory Commission (PERC). Use of
all revenues is restricted to PERC-approved research and
development expenses, general expenses, and equipment
and leasehold improvement expenses. An important ele
ment of the expenditure justification process of the PERC
for GRI R&D involves the quantification of the impact
and benefits of the R&D to ratepayers. Since the benefits
of information products historically have not been fully
quantified, they are essentially scored as having conser
vatively low benefits.

Support of GRI member company evaluation and
technology transfer activities. GRI member companies
play an important role in planning GRI's R&D program
by providing both formal and informal recommendations
to GRI. In addition, member companies promote the
transfer of new gas technologies into the marketplace by
using R&D results intended for gas industry use and by
informing their customers ofnew end-use products. Eval
uations of the benefits of R&D products have proven to
be an important source of information for member com
pany staff in terms of benefits assessment of R&D and
technology transfer.

Case Study Methodologies

GRI is in the process of developing a methodology
for evaluating the benefits of its information products.
Altemative methodologies are being tested in a set ofcase
studies for R&D programs with significant information
product results. This paper discusses methodological and
anecdotal aspects of three GRI information programs.
The three case studies are: (1) Infonnation Benefits Pro
duced at the Center for Advanced Materials (CAM) at
Pennsylvania State University; (2) Information Benefits
Produced from Plastic Pipe R&D; and (3) Benefits Pro-
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duced from Proper Venting of Mid-efficiency Furnace
Systems.

A variety of analytical techniques were used in con
ducting the three information-product benefits analyses.
Multi-attribute choice analysis, decision analysis, pro
duction function approach, demand and supply curve
approach, utility function approach, diffusion paths, and
technology benefit assessment techniques were among
the methods attempted to assess the information benefits
of the case studies. A flexible "best fit" or "trial and error"
approach for each case study was preferred due to the
innovativeness and uncertainty involved with the quan
tification of information benefits.

Center for Advanced Materials (CAM)

CAM was established by GRI in 1986 at Pennsyl
vania State University. CAM's mission is to provide a
focal point for high-performance materials R&D and to
help ensure the timely application of state-of-the-art ad
vanced materials in such areas as waste heat recovery
systems, direct and indirect heating and melting systems,
solid oxide fuel cell systems, and gas-fired prime movers.

CAM is an interdisciplinary unit within the College
ofEarth and Mineral Science which draws upon expertise
in various departments, colleges, and laboratories within
Pennsylvania State University. It is structured in three
units: Research; Analytical and Engineering Services;
and Technology Assessment and Transfer.

Improvements in advanced materials such as ceram
ics, high-temperature metallic alloys, and composite
materials technology are occurring at a rapid pace. How
ever, the communication and transfer of developments
are difficult because of the fragmented relationships be
tween the researcher, material supplier, equipment manu
facturer, and end-use communities. The diverse nature of
these groups has resulted in the existence of various
obstacles to the beneficial use of advanced materials in
gas-fired applications. CAM's role is to help eliminate
these obstacles, and to more effectively coordinate and
direct advanced Inaterials research activities for the bene
fit of the natural gas industry and its customers.

Information products from CAM are transferred to
users by workshops, newsletters, databases, journal pub
lications, reports, and by collaborative efforts with mater
ial suppliers, equipment manufacturers, and end users.

Bellefits analysis methodology. The cost-benefit
characteristics ofadvanced materials makes it difficult to
use established analytical tools in assessing economic
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benefits. Physical, chemical, and other fundamental pro
perties, rapid technology changes in the advanced mater
ials industry, and the uncertainty of being able to assess
all the applications to which the materials could be used,
create methodological barriers in assessing this new fron
tier of information products.

Due to the problems with applying traditional eco
nomic assessments to advanced materials, a combination
analytical and anecdotal approach was taken. Numerical
estimates ofCAM information benefits and an associated
error band were calculated based on the extrapolation of
information product diffusion combined with assump
tions about ultimate market penetration.

Substantial gross benefits exist from GRI funding of
CAM. However, economic benefits directly associated
with increased gas utilization for industry end users are
mostly 3 to 10 years in the future. Currently, relatively
few CAM information products appear to have directly
influenced day-to-day industrial operations.

Significant information benefits accrue to engineer
ing designers from careful measurement of key proper
ties of materials samples and associated components. For
example, due to GRI-sponsored R&D, much uncertainty
has been removed surrounding the performance of
ceramic radiant tubes. As these information-related bene
fits become embodied in new products or increase pro
duct sales, benefits also accrue to natural gas customers
and to the advanced materials industry since many infor
mation products developed at CAM would not have been
economically or technically feasible for individual com
panies to perform within a desirable time frame.

Benefits of Plastic Pipe R&D Information

Plastic materials have been used for gas distribution
pipe for local utilities since the early 1960's. In the last
three decades, plastic pipe has experienced steady growth
as the material of choice for distribution system expan
sion and replacement. In recent years, on a national basis,
polyethylene (PE) pipe has been used in over 85 percent
of new and replacement distribution pipe installations.
The decision to install PE pipe can be attributed to its
significant cost advantages over steel, in terms of both
material and installation cost, and its superior corrosion
resistance. A significant portion of the growth in plastic
pipe use can be attributed to research efforts that ad
dressed several unknowns that could have retarded in
dustry acceptance of plastic materials for distribution
pipe. Questions in areas such as: potential chemical reac
tions between flowing gas and the plastic pipe; specific
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material selection; and expected service life of the pipes
required answers.

GRI has been directly involved in plastic pipe re
search since the company's inception through to the
present time. Objectives of GRI's plastic pipe research
include: (1) to find methods to reduce costs ofgas opera
tions and invesunents in capital; (2) to develop cost
effective tools for use in construction and maintenance of
distribution systems; and (3) to maintain the present high
level of safety. Research, conducted in both basic and
applied areas, has resulted in numerous hardware and
information advances in a spectrum of plastic pipe tech
nical areas-from material selection, to evaluation of
joining procedures, to increasing the pressure capacity of
new PE pipe distribution systems. These results are trans
ferred to the gas industry and manufacturers through
nUlnerous topical reports, periodic publications, and per
sonal interactions and presentations.

Benefits analysis methodology. Quantification of
the direct benefits of hardware developments, such as
improved PE joint integrity inspection devices, is a
straightforward application of conventional engineering
economics. However, there are numerous indirect bene
fits of both hardware introduction, and more particularly,
information development that traditional evaluation ap
proaches do not consider. Thus, an alternative analysis
was undertaken to account for these indirect benefits of
PE pipe research. Evaluation of the information-based
benefits required a broad view of trends in the adoption
of plastic pipe in the gas industry-thereby directing the
analysis to a "diffusion curve" approach. One can con
struct a scenario that may have existed without benefit of
the GRI plastic pipe R&D results, and compare it to the
scenario that has developed and exists today. Benefits, in
the form ofconsumer savings from the selection ofplastic
rather than higher cost steel, can be measured as the net
present value (NPV) of the cumulative cost savings dif
ferences between the two scenarios.

An econolnetric model of the residential gas market
was developed with state-level data from the American
Gas Association to measure this benefit. Two alternative
scenarios were constructed----one that assumed a 5%
increase in plastic pipe share of new installations due to
GRI research results and a second that assumed a 10%
share increase. This range of 5-10% is considered con
servative given the relatively small impact compared to
the current 85% PE pipe market share. Given these as
sumptions, the model shows price differences averaging
$0.02/MMBtu to $O.04/MMBtu on a national basis for
the two scenarios. Over the period 1982 through 1995,
these price depressions result in an NPV of consumer

1991 Energy Program Evaluation Conference, Chicago



savings of $1.4 to $3.1 billion (in 1989 dollars) for the
5% and 10% scenarios under a 5% discount rate.

Proper Venting of Mid-efficiency Furnace
Systems

The conventional atmospheric fwnace has a.strong
history of providing reliable, low-cost space heating to
residential consumers. These long-life furnaces generally
have an annual fuel utilization efficiency (AFUE) of
60-75%. The vent systems used for conventional atmos
pheric furnaces are typically composed of single-wall
galvanized connectors and either a masonry chimney or
double-wall (Type B) vent.

In response to rising energy costs in the 1970's and
advances in technology, furnace manufacturers devel
oped new, mid-efficiency furnaces that have AFUEs of
78-83%. Over 2.5 million mid-efficiency furnaces have
been installed in the U.S. since 1980. The mid-efficiency
furnace achieves a higher AFUE through a combination
of decreased flue gas temperature and dilution air flow,
and the use offan-assisted combustion. These factors that
have led to increased efficiency have also introduced a
potential new problem to the furnace and vent manufac
turing and service industries-possible vent and furnace
corrosion. This corrosion can be the result of excess
condensation caused by traditional vent sizing practices
applied to mid-efficiency furnaces.

GRI and the gas industry recognized that research
was needed to improve the durability of these furnace
systems to conform with the high standards of the con
sumer and the gas industry. As a result of the GRI venting
program, new vent sizing tables for Type B vents were
established for mid-efficiency as well as conventional
furnaces. The tables were developed by GRI, the Amer
ican Gas Association Laboratories (AGAL), and Battelle
Memorial Institute-Columbus and have been adopted by
the Gas Appliance Manufacturers Association (GAMA).
The venting tables help manufacturers to specify venting
system designs that ensure proper vent sizing practices.
The tables now appear in mid-efficiency furnace instal
lation instructions for equipment shipped after Septem
ber 1, 1990. The tables are being reviewed by the Amer
ican National Standards Institute (ANSI) for inclusion in
the 1992 National Fuel Gas Code.

Benefits analysis methodology. A cost-benefit anal
ysis approach was used to assess the economic impacts
of the venting research. The focus of the cost-benefit
analysis is on the quantitative derivation of benefits,
including direct benefits to the gas customer and the gas
industry from the application of venting research, and

1991 Energy Program Evaluation Conference, Chicago

indirect benefits (or costs) from potential loss of gas
market share. Distinct benefits are expected to accrue to
several parties directly associated with the selling or
installation of mid-efficiency fwnaces. They include:

• Existing mid-efficiency furnace owners.

• New mid-efficiency furnace owners.

• Gas furnace manufacturers.

• Furnace installers.

• Natural gas production and distribution companies.

To establish the net benefits of the venting research,
an evaluation of the present value of the annual costs and
benefits of mid-efficiency furnaces sold each year from
1980 to 1995 were calculated. The costs and benefits
were calculated for three scenarios: GRI research results
available in 1991; industry research results (without GRI
assistance) available in 1996; and no venting research.
Through interviews with representatives of the gas in
dustry and allowing for time considerations associated
with the adoption process for new vent sizing tables into
the National Fuel Gas Code it was determined that,
without GRI assistance, the most probable scenario for
comparable venting research would entail a lag of at least
five years if individual furnace manufacturers attempted
the research and transferred the results industry-wide.

The information produced from the venting research
is projected to provide a net savings of $670 million to
the gas industry and consumers between 1991 and 1995.
The savings are attributed to an increase in the durability
of mid-efficiency furnace system components brought
about by the virtual elimination of corrosion-related
problems caused by traditional venting practices applied
to these furnaces. The estimate of$670 million represents
the benefits of GRI research compared to five-year de
layed industry research results.

The results assume a high level of compliance to the
new venting tables by furnace installers. Discussions with
industry representatives have indicated that the dissemina
tion and application of the information has been extensive.

Types of Benefits

Several categories of benefits can be realized
through infonnation products. The three case studies
identified the following types of benefits:
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Increased speed ofdiffusion. In all three case stud
ies, increases in the speed of diffusion of new products
or techniques .were experienced. In the venting case
study, due to the difficult nature of the problem, a furnace
manufacturer or anyone organization would not have the
facilities or the broad level of expertise to develop the
information products as quickly. Also, the cod.es and
standards that incorporate the venting research findings
are updated every four years. All industry representatives
interviewed conceded that the GRI research information
could not have been duplicated and approved on an
industry-wide basis until at least 1996.

Reduction of risk. Benefits from reductions in risk
were cited in the CAM and plastic pipe R&D case studies.
Because of uncertainties in the 1970's regarding the
performance and safety of plastic pipe, natural gas local
distribution companies restricted the number of miles of
plastic pipe installed on their systems. Aprimary objec
tive of GRI's research was to produce information pro
ducts that would assure the safety and performance of
plastic pipe. Distribution companies obtained the infor
mation through such information transfer mechanisms as
publications, seminars, and informal contacts between
colleagues. Based on this information, local distribution
companies gained confidence that they could safely in
stall plastic pipe in more areas of their service territory,
increasing the share of plastic pipe installed.

Coordinated R&D expenditures. CAM is a good
example of the benefits of coordinating R&D expendi
tures. By having a focused, defined research group that
has direct input from GRI and a large number of stake
holders in the advanced materials industry, duplication of
research expenditures is minimized. CAM is able to
synthesize research and ideas from industry which helps
to increase the speed of research information produced
and technology transfer of the research information pro
duced at the Center.

Regulatory and consumer perceptions. To the ex
tent that R&D can generate information that assists in the
regulatory oversight process, such information can pro
vide benefits associated with avoiding regulatory re
quirements that might otherwise have been imposed. For
example, if the venting research information was not
created or disseminated to industry in a reasonable amount
of time and incidences of furnace system corrosion oc
curred, regulatory bodies may impose penalties or enact
regulations which may create additional costs or delays
to the furnace industry and ultimately to consumers. Also,
if consumers realize or perceive problems with a par
ticular product, they may spread the perception through
an entire product line, not just the product in question.
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Reduced operating costs. The benefits analysis of
information produced from plastic pipe R&D showed
that a greater market share of plastic pipe was installed
because economics and increased confidence in the safe
ty and performance of plastic pipe. Distribution com
panies favor plastic pipe over traditional steel pipe be
cause of the cost advantage and the corrosion resistance
ofplastic pipe. The increase in plastic installed and lower
system operating costs had two effects: it lowers the
average real price of gas and/or increases the number of
customers that can be served, which again can reduce the
average costs of the utility (which has substantial fixed
costs). The price is reduced because not only is the cost
of the capital stock required by the distribution system
reduced, the dollar value of the required rate of return on
the rate base is also lowered. Also, if there are customers
that cannot be served because of prohibitive hook-up
costs, the increase in the use of plastic means that, at the
margin, more customers can be added to the service area.

Expanded markets. Information R&D can affect not
only the growth of demand in a particular market, it can
also increase the numberofmarkets for which aparticular
technology or process can be applied. CAM's benefits
include expansion of markets. Much of the research on
advanced materials is focused on developing new durable
materials whose applications can penetrate or create new
markets. Advanced ceramic radiant tubes, for example,
have opened up new opportunities for gas use in many
industrial applications.

Information Flow-Identifying
Situations Where Information

Products Can Yield Large
Benefits

The flow of information from GRI to users and,
conversely, from users to GRI, give new insights into
problelTI solving and the decision processes of organiza
tions. The channels and flows of information are critical
in defining linkages where information may be getting
"bottled up" or, perhaps more importantly, linkages
where information has impacted decisions.

Two network diagrams illustrate information flows
of the venting research case study. In Figure 1, if the
consumer notices a corrosion problem with the furnace,
the consumer will contact the installer of the furnace,
usually a local contractor or the local utility. The local
utility or contractor will attempt to correct the problem
and then look for reimbursement of failed parts under
warranty from the furnace manufacturer. The furnace
manufacturer, in this case, is typically skeptical. The
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manufacturer does not believe that the problcln lies with
the furnace because the corrosion probably is caused by
condensation in the vent system dripping into the furnace
due to the use of improper vent sizing tcchniques. The
manufacturer believes that he has a high quality product
and that the installer did not properly install the furnace,
and the installer, not the manufacturer, should be held
responsible. The contractor or local utility counters by
saying that the furnace manufacturer did not provide
proper installation instructions to alleviate the problem
and thus they should not be liable. With both parties
unable to find a solution, the utility seeks assistance froln
one of its trade organizations, the American Gas Associa
tion (AGA), and the furnace manufacturer seeks assis
tance from GAMA. Notice in Figure 1 that the flow of
information follows a circular pattern with no immediate
linkages to a solution.

In Figure 2, the creation and dissemination of infor
mation is apparently much Inore complex than the infor
mation flow associated with the initial problem. GRI
wanted to have input from all possible parties involved,
thus creating an integrated industry approach to problem
solving. GRI selccted two research laboratories to pro
vide support, AGAL and Battelle Memorial Institute
Columbus. GRI also received guidance from a technical
advisory group consisting of furnace and vent manufac
turers, utilities, trade associations, and codes and stand
ards rcpresentatives.

After information products were produced, dissemi
nation took two distinct directions. ANSI used the vent
ing research information to begin the process of incor
porating the results into industry-wide codes and
standards for furnace manufacturers and installers. The
GRI information helped ANSI establish mandatory
guidelines for proper vent sizing for mid-efficiency (and
other categories) furnaces. GAMA used the information
to help custolnize installation instructions for manufac
turer-specific furnaces. Beginning in September 1990, all
mid-efficiency furnaces manufactured had these new
installation instructions packaged with the units.

Infonnation flow also followed a different path. As
soon as the research information was verified, GRI
entered into a large and detailed dissemination process to
industry to ensure the research information was available
and understood by all parties associated with furnace and
vent system manufacturing and installation. GRI dis
tributed the information to utilities, furnace and vent
Inanufacturers, contractors, and the media through pub
lications, workshops, software products, and informal
contacts. These information recipients, in many cases,
passed the information to secondary sources--other util
ities and contractors. Utilities and contractors are now
better able to understand and correct potential furnace
systelTI corrosion problems that consumers may incur.
The research information has virtually eliminated future
corrosion problems due to improper vent sizing.

Figure 1. Information Flow before
Dissemination

Utilities

A.G.A

Consumers

GAMA

Figure 2 is structurally much different than Figure 1.
In Figure 2, a smooth downward flow of information is
seen. Research information was able to provide a solution
and abol ish the circular cffect of Figure 1.

A clear lesson was learned by this exercise: large
benefits ITIay result from information products that arc
able to open new linkages that were otherwise closed.
Research organizations such as ORI, can realize large
COnSUITIer and industry benefits by identifying informa
tion programs that can establish new linkages or repair
damaged linkages to the players involved in the issue.

Evaluation Transfer: "Layers of
Rigor" Approach

Evaluation ofbenefits in an analytical manner is only
a small first step in the information benefits analysis
fnuncwork. Effective communication of the benefits to
diverse audiences is crucial to the success of elevating
the ilnpoftance of information-based research in the
Ininds of R&D and organization management and in
influencing the planning process, as well as ensuring that
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Figure 2. Information Flow after Dissemination

benefits of the R&D do, in fact, exist and in enhancing
technology and evaluation transfer. A rigorously correct
analysis that proves convincing to trained analysts may
not be understandable to management audiences whom
may not have formal analytical training or the time to
invest in following the line of thought of a detailed
analysis.

We have found it useful to approach the presentation
of results in an iterative fashion, beginning with sitnple
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heuristic approaches consistent with the more rigorous
results. More rigorous analytical approaches are held in
reserve to establish the credibility with technical audiences.

Presentations and analysis text are designed to tech
nically overlay so that audiences are able to digest key
points and assumptions relevant to decisions without
being overloaded with information. The first layer of the
approach is a double-sided one-page "benefits profile"
which presents a story-like interpretation of the informa-
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tion product and the benefits assessment. One or two key
results are used. Discussions on methodology are very
simple or left out completely. The first layer is basically
an introduction to benefits analysis for management,
policy makers, and otherparties who may have an interest
only in the final result and not in the method910gy. This
layer serves as an enticement for audiences to proceed to
the next level of detail without alienating them with
technical language.

The second layer is similar to an executive summary.
A two- to five-page summary of the history, methodol
ogy, and results are presented. Again, this layer is fairly
simplistic in content and format. Engineering, economic,
and technical jargon is discouraged. Three to five slides/
overheads are also provided in this packet which high
lights the main points of the information program and
benefits analysis. The slides/overheads give project
managers and senior management the ability to present
evaluation results without having to dig out or interpret
the key results from a lengthy report. This technique helps
to ensure that the expertise of the evaluator is transferred
to presenters and end-users of the infonnation.

The third layer is the information benefits analysis
report. An executive summary combined with the com
prehensive analysis of all methodologies and results, and
corresponding appendices, are part of this layer. The
methodological rigor and validation of the benefits anal
ysis is the strength of the report. Conservative and de
tailed assumptions of the analysis methodologies must be
meticulously presented for internal and external defen
sibility. The third layer is primarily used as the foundation
and support for the first two layers. Economists, technical
staff, and parties interested in the "guts" of the analysis
will find this layer of the most value.

Lessons Learned and Useful
Evaluation Heuristics

Although each of the three case studies was very
different in terms of scope and information produced,
several common observations surfaced as a result of the
studies. These observations appear to be applicable to
most information products and corresponding benefits
analyses.

• Information benefits can be quantified. A conserva
tive philosophy must be adopted to remain consis
tent with the overall goal of believability.
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• Information benefit quantifications can be defen
sible. Analysis assumptions and methodologies and
their validation by qualified "experts" (not meth
odological experts but experts familiar with the use
of the information product) inside and outside the
organization is crucial to general acceptance of the
results.

• Identifying information benefits can elevate the im
portance of a program. By quantifying benefits, the
value of information can be evaluated on the same
level as tangible items.

• Simplifiedsummarycomparisons for economics-re
lated analyses are useful for readers less familiar (or
less interested) in the more methodological or in
direct approaches.

• Methodologies and results should be as transparent
as possible.

• Only a few key numbers and assumptions should be
initially presented. Many numbers in an analysis
tend to dilute or take away from the main points.

• An integrated orcross-cutting involvement ofstake
holders approach to information product generation
and problem solving is critical to finding solutions
and maximizing the value of information.

• A layers of rigor approach to information benefits
reporting can broaden audiences, increase levels of
understanding, and establish multi-discipline dia
logues by selectively increasing levels of palatable
information.

Conclusion

Through the course ofthese analyses, the importance
and magnitude of the benefits of information confirmed
the need to quantify information products to gain an
accurate assessment of the value of the total R&D pro
gram. Skepticism and creditability issues were greatly
diffus~d by a layers of rigor approach backed by a con
servative, detailed report. Heuristic design of evaluation
methodologies and results will enable information pro
grams to be understood and assist in the design of future
information and research programs.
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