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ABSTRACI‘

This report is an evaluation of the Energy-Related Inventions Program
(ERIP). It assess the program's effectiveness and impacts, characterizes

participating' inventions and inventors, and identifies correlates of successful

commercnaltzauon in order to suggest possrble 1mprovements

Sevemy of the 204 ERIP inventions that were studled were successfully
introduced into the market, accounting for more than $200M in sales from 1976

through 1984. During 1984, 921 full-time ‘equivalent employees were supported

dxrectly by ERIP inventors or therr lrcensees ‘ (Estlmates of 1nd1rect economic

impacts are also contamed in the report) Data on patterns of fund raising

cleyarly show a need for assistance by program_s like ERIP., Cotnmercially

successful mventors shared several traits. They had less formal ‘education,

fewer patents, more work experlence in small ﬁrms, more outs1de funding early

in their work, more shared responsibility w1th others for mventron

‘development more management expenence, “and greater prevrous experience

“'with starting new businesses.

Recommendations are made regarding: (1)'priorities for allocating ERIP
grants; (2) improved efficiency of the NBS/DOE operations; (3) delivery of

technical and commercialization assistance to grant recipients; and (4) further

evaluation research.
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- EXECUTIVE SUMMARY

' 'll"hi,s report is an evaluation of the Energy-Related Inventions Program
(ERIP).R It assess the”program"s effeeti'vene‘sshand‘ y'izmypa"cts',‘” Lchara‘cteri‘ies
partrc:patmg 1nventlons and mventors, and ldentlﬁes predlctors of successfu]
commercrahzatlon in order to suggest possrble program xmprovemems ERIP
was’ establlshed in 1976 10 facrlrtate the development of non-nuclear, ‘energy— ‘

related inventions, particularly by individuals and small businesses. It is

“operated jointly by the U.S. Department of Energy (DOE) and the U.S.

Department of Commerce/Natlonal Bureau of Standards (NBS)
~ Since 1980 "ERIP has undergone several evaluations; the latest and most
comprehensrve is the subject of _thls report. Past evaluatlons ‘have centered

around in- depth case studies of selected inventors. The current evaluation

‘mcorporates, updates, and expands these case studles, in an attempt to provrde

more definmve empmcal conclusrons about the entire populanon of ERIP
inventions and inventors.
The chief tool in this evaluation is a telephone questionnaire. Using

this questionnaire, information was collected from 204 of the 307 participants

: reeommended to DOE by NBS as Of june v1'985. Although information Was sought

from all 307 ERIP pamcrpants, some of the inventors could not be found while
others declmed to take part in the evaluation. In addmon, for pamcrpants
who have had more than one ERIP invention,' information was collected only

on their latest project. There is no known bias in the sample of 204.

ERIP STRUCTURE AND SERVICES

DOE and NBS operate the program through an mteragency agreement.

The goal of the NBS pomon of the program is:

xiii



.

+ 'rw}

PrEEr
PR

1

0 S |

Frﬁ'v'?!‘ ™

g
& s

. |

-3

this area have included sponsorship" and\ participation in workshops and
conferences. Planned future actlvmes include the dtsburscment of grants for

state-level inventlon mmanves

CONSEQUENCES oF ERIP

To analyze the effectiveness of ERIP, three definitions were developed.
‘Commercialized inventions are eharacterized by a direct sale of a unit of
product or servtce, the conclusion of a lxcensmg agreement, the conclusion of
a joint venture, or the sale or hcensmg of a spin-off technology A more
rigorous definition is used to identify the more successful of these

commercialized inventions. In particular, successful inventions are those

- AWith $50,000 or more in' sales for’ any single year from 1980 through 1984, or

cumulatrve royaltres of $5 000 over the same penod of trme Finally,

mventlons in th'e‘ producuon/marketmg stage are also identified.  This

stage mcludes both lrmlted and full productron and marketmg, but not sales of

' prototypes The relatlonshlps betwcen these three are dlsplayed in Flgure S 1.

The classrftcatxons are not meant to mfer that noncommercxahzed

unsuccessful and pre- productton/marketmg mventrons wrll not eventually

achieve ,"r’narkct entry and srgmﬁcant market penetration. On 'av'eragc, less

than six years had elapsed between time of application to NBS and the end of
the evaluation period (1984). |

- The following conelusions were drawn‘ from an analysis of data for the

period 1976 through 1984,

-« Market entry. Of the 204 inventions in the database, 70 were
wowicommercialized, 37 were successful in terms of achieving
significant sales, and 31 were in production/marketing.
Figure S-1 shows how these inventions overlap. It is known
from previous case study evaluations that another three ERIP
inventions have been commercialized. The number of ERIP
inventions that are commercialized or put into production

XV
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from ERIP other than grants

The following benefits were among the most

frequently crted

Overall,

the pro gram

to others, some 80% said they would be w1lltng to submlt another invention to

«  Opportunity to prove an invention. Some 34% cited ERIP's role

in allowing them to actually bring their ideas to fruition as
one of the programs chref beneﬁts

S::edibi!ity" or prestige. ‘The backmg of a government

program gave much-needed credibility (which sometimes

o translated into outside commercial funding) to many of the
- inventors in the ‘program. Thrs form of assistance was noted

by 29% of the inventors.

Eng_g_u;a_gmt_ The personal guidance and encouragement

- given by ERIP's invention coordinators was cited by 13% of

the respondents as the most important nonfinancial benefit of
the program.

ialization _education. ERIP inventors also emphasized
the benefxts of ERIPs commercraltzanon education efforts,
including the personal contacts with invention coordinators

- and the Commercialization Planmng Workshops This type of

assistance was cited as "most important” by 9% of the
inventors,

ERIP and 25% have already done so.

THE INVENTIONS

NBS uses a nme category classrﬁcatxon system for the mventrons

submxtted to ERIP Usmg thts class1ﬁcatton it was determmed that

technologies involving Energy Conversion_‘from Natural Sources and

Energy.

Conversion from Secondary Sources have proportionally fewer

successes than those mvolvmg Industrlal Processes Fuels and

"»‘Lubrncants Butldmgs, mSLtructures A and Components, and

bTranvsportatlon technologles. It was not possible to characterize the

xXvii

the ERIP inventors expressed a high level of satisfaction with

More than 40% of them had already recommended the program
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projécts before applicatiori to' NBS 'does not corrclate ‘with‘ a mOrc“""rn"atu‘ré 's't’agé‘

of innovation development at the time of apphcauon, nor does length of time

in the program correspond w1lh later stages of development in 1985.

THE INVENTORS

There is great dlversny in the pcrsonal charactenstlcs of program
parumpants ’ Howcvcr in’ the course of the evaluanon some commonalmcs

and patterns were found:

+ ERIP inventors have a wide array of formal education: 31%
have graduate degrees while 29% have no undergraduate

degree.

+ Almost half of those with college educations majored in
engineering.

* On average, the respondents were quite a bit older than the
ge’neral adult male population. The mean age of ERIP

participants is 56; 24% are 65 or older.
* The inventor's current job was usually, but not always, related
- to the ERIP’ mvenuon his previous work experience typically
had little connection with it.
*  While many ERIP inventors had little or no prior inventing
- experience, some had a substantial amount--22% of the
,_(1nvemors owned morc than 10 patents.
« Many inventors (79%) rcported having started at least one
new business in the past, and 18% had started more than two.

These and other personal data were used in an attempt to idcntify ény

general characteristics that successful inventors tend to share. As before, the

definition of "success” is based on thresholds of sales and/or royalties. While

no clear, stereotyped figure of a “success” emerged, it was found that many of
the successful inventors do share several personal traits, including:

« less formal education than unsuccessful inventors;

» fewer patents;

* more work experience in smaller firms;
~+ greater amounts of pre-ERIP personal funding;

+ ‘gréater amounts of pre-ERIP commercial funding;
~» more sharing of innovation-development responsibilities;
~e more ‘management expcerience; and

» greater experience with new businesses.

Xix
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individualistic responsiveness of ERIP would be to establish a fund to pay
consultants for specral short terrn, qurck response assistance to inventors.
(6) Provide greater commercralrzauon educatron covermg such
topics as effective marketing and the development of

business plans.

Recall that the transition from prototype development to production/

i marketmg was found to be the most dtfﬁcult The program needs to help

‘ facrlrtate thrs process

(7) Ensure the effecttve use of the computertzed database
currently being developed for DOE's ERIP program.

Thts mvolves provrdmg DOE wrth sufﬁcrent hardware, software tramtng, and
funds 10 support data input and analysrs needs

“(8) Consider using the computer equipment to communicate
electronically with ERIP participants.

Several areas for future evaluation are also recommended.

(9) Evaluate the administrative functioning of the DOE and NBS
aspects of ERIP.

Given the inventors' concerns about the application processing time,

* “particular attention should be given to the time delays.

(10) Develop more up-to-date estimates of the economic impacts
, of ERIP

Sales and employment ‘data’ on ERIP inventors need to be collected for 1985 and

1986, and information on the most récent ERIP participants should be

comprled

(ll) Compare the progress of ERIP mventrons wrth the techmcal
and commercial progress of a control group.

None of the ERIP evaluatlons to date have been able to deﬁnltlvely esttmate the

tmpacts of ERIP because of the absence of a control group
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_ 1. THE ENERGY-RELATED INVENTIONS PROGRAM

1.1 PURPOSE OF THE REPORT

Thxs report is an eva]uauon of the effecuveness of the Energy-Related
Invenuons Program (ERIP), a program dcsrgned to provrde carefully-targeted

federal support for non-nuclear energy- related 1nnovatlon among small

~businesses and individuals. In order to evaluate the effectiveness ’of ERIP, the
report cxammes the techmcal and commercxal progress of ERIP-supponed

invcntnons, characterlsucs of the most successful rnventlons and lnventors,

types of funding acquired by ERIP inventors over the course of their projects,
and stages in the innovaytion\'procesé that appear to be most difficult to
transcend. As such, the evaluation is useful well beyond its specific

application to’ ERI’P,"’,pro\iiding ‘insight into the process of technological

" innovation as a whole--a topic of considerable importance to national, state,

and local economies, and one which is particularly timely given recent

evidenoe ‘of an apparent decline in U.S. productivity growth and international

, compeuuveness

It is now well know’n that ‘technolo‘groal innovation 1s d rnajor
determinant of productivity growth (Nelson, 1981; Schmookler, 1957;
s‘cﬁﬁfn’pete’r’,’ 1934) “New ”‘:ie/c'ﬁnol/ogies"generate employment growth and high
rates of productrvrty, and send spm off effects npphng through the economy

Accordmg to one study, technologrcal innovation was responsrble for 45% of

| the nauons economrc growth between 1929 and 1969 (Gore, 1981)

‘Technological innovation occurs as the result of a two-step process--

invention (the creation of a novel idea or'concept) and the translation of an

invention into a commercral product or process. Many experts attribute the

nation's slowdown in producuvrty growth to a drmlmshed rate of

inventiveness--the first step. ~Other experts have claimed that the slowdown in
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national energy security, strength, and stability are typically not considered

" in the setting of corporate R&D agendas.

~Patent data over the past 15 years also indicate drmrmshed mventrveness

The number of patents rssued to US mventors has decreased from 47, 076 in

1970 to 46,728 in 1975, 37,327 in 1980, and 38,371 in 1984 (Narin, 1987; Bailey,

1986) Patents are often used as mdlcators of the stock of technology,"

because in order to get ‘a return from R&D investment, companies usually must
patent a product_ or process to protect it from competition.

“There is also evidence -that the nation has been slow in translating its
technological advancements into commercial applications. From the 1950s
through the mid-1970s, the federal govemment was the primary source of

R&D funds. Numerous,studies point to the smallness, and the lag, in

commercial application of federally funded R&D. The rate of licensing of

federally-owned patents, for example, is only 2.5% ':(‘U."S. General 'Accounting

-Office, 1985).

"ERIP's focus ‘on small b'usinesses' is advantageous because it is this sector
that has been partrcularly successful in producmg creative innovations for

the marketplace (Rabinow, 1982 Soltanoff 1978; Barly, 1986 Gellman Research

_.As‘socratres,‘1982). Firms wrth less than 1,000 employees accounted for almost

‘one-half of the major innovations during the 1953-1973 time period (Gore,
1981). They produce 2.5 times as many innovations as large firms, in relation
to the number of people employed, and they bring their innovations to the

market much faster than large firms (Gellman Research Associates, 1982).

‘ Small ﬁrms need to develop new products and services in order to carve out
mches in those areas of the economy not already controlled by large

corporatrons (Gellman Research Assocrates, 1982 Rothwell and Zegveld, 19'84)."

Large firms tend to limit their innovations to refinements of existing products
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1.3 DESCRIPTION OF ERIP
1.3.1 Is and Objectiv

ERIP was establrshed under the Federal Non-Nuclear Energy Research
| and bevelopment Act of 1974 It 1s admrmstered jointly by the U.S. Departmem‘
of Energy (DOE) and the US Department of Commerce/Natronal Bureau of
Standards (NBS)

DOE and NBS Operate the program through an 1nteragency agreement

The goal of the NBS portion of the program is:

« To evaluate energy-related ideas and inventions, and to select for
further support those inventions that are likely to increase energy
effrcrency and are techmcally and economlcally feasrble

The goal of DOE‘s efforts is:

we To provrde the mmal fundmg for these pl'o_]CCtS, as well as the

guidance necessary to speed inventions toward mtroductron in the
marketplace

A secondary goal of DOE is to encourage invention activity and inventiveness,

in the economy as a whole.

1.3.2 Program S.llu&ll!.&_.a_d_Sﬂm
Within DOE, ERIP is a ‘part of the Office of Conservatlon and Renewable
Energy. It is located under the Director of Energy Utrhzanon Rescarch and is

staffed by four Inventlon Coordmators. a program manager, and vanous

N sup‘pﬂort personnel. NA‘ltlrough tnxsneyaluauon deals exclusively with DOE's

portion of the program, a brief overview of the NBS functions is important to
an overall understanding of the program; that overview appears below and is
summanzed in Frg 11

EB_S___E__Q_g_a____P_QchuLQs_ To enter ERIP 1nventors must ﬁle an NBS

"applrcauon and an invention dlsclosure NBS then performs a "threshold

screening” before any evaluauon is done, to make sure that:
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therr potennal 1mpact on energy producuon and conservauon, and thelr

pracucahty. The first stage is based on two sequent1a1 evaluanons and
eliminates 45% of the total number of submitted projects. The sequencing
allows the first evaluator to point out speciﬁc technical issues that need to be
‘examined by the second evaluator. NBS then reviews the ﬁnal reports of both

evaluators and decxdes whether or not the pl’OjeCt should progress to the

second stage The mventors are glven wntten nouce of reJectlon or passage, )

with a detailed explanation of why rcjected projects did not measure up.
Approximately 5% of all submissions pass into the second stage. There,

one evaluator reviews the technical aspects of the proposed invention,

‘working directly with the inventor to resolve any possible misunders'tandi‘ngs.

A dec1sron 1s then made to recommend or not to recommend the pro_;ect to DOE

for possnble ﬁnanmal and nonfmanclal support The NBS recommendauon

- mcludes the techmcal ‘merits of a pro_pecl and an estimate of its marketabxhty "

and potenual energy 1mpact

At euwch stage of the evaluation process, rejected inventors are asked to
deal with the deﬁc1ency cited in the rejection, and to resubmlt the project,

entering the evaluation process at the same stage at which they were rejected.

Some 15 percent of the lnvenuons recommended to DOE are resubmlssmns of

pl‘O_]CCtS prevxously rejected by NBS

By the end of calendar year 1986 more than 23,000 inventions had been

. submitted to NBS since ERIP began; fewer than 400 of these have been

recomm’ended to DOEA. Thew rate of acceptance has varied from 2 to 3% since the

begmmng of the program
mE_ELQgLam_E_Qc_ed_u__es_ Once a project 'has been recommended byNBS,

DOE takes it over. The invention is assigned to an Invention Coordinator, who

plays a pivotal role in the development process as the point of all interaction
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Among the types of nonmonetary assxstance provnded by the program are
commercxahzanon advice and contacts In addmon to the mformal contacts and
dtrectxons glven by the Inventton Coordtnators, commercxahzanon educanon is»
provxded by ERIP through its Commercxallzauon Planmng Workshops (CPWs)

Each CPW xs an 1ntens1ve,»three and ahalf day program des1gned to
help the mventor develop a focused strategy for moving his technology into
the market. Classes cover patenting, licensing, business planning, financing,

marketing, and a variety of other issues related to the commercialization

”aspeets of inventing. The sessions are directed by experts drawn from the

business, engineering, legal and academic communities. They usually mvolve

about 12 mventors and 6 or 7 experts, allowmg for plenty of one-on-one

dlscussmns about _specific problems mventors may have. Since 1984, there

have been 3 or 4 CPWs per year | h o
Technical aSsistance is given to the inventors through the NBS

reviewer comments and later contacts with the Inventton Coordmators In

addmon to the coordmators own expemse, they are able to provxde mventors
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groups; past local sponsors have included Small Business Development Centers,

inventor orgamzations, and economic development centers. The workshops

' last for two days, wrth several plenary sessions and three workshop penods

per day. The topics covered in the workshops include 1dea protection,
marketing, capttal acquismon, product ltabllity and busmess plannmg. ' vThey“ "
are conducted by volunteers from busmess, umversmes, the law inventor
groups, etc. ERIP staff also conduct workshops on how the ERIP program -
works.

Other outreach activities are directed toward state initiatives.  The "state

progra‘ms are aimed primarily at small business development groups,

mventors groups, and economic development groups In the coming year,

;, ERIP wrll give approxlmately six grants, ranging from $25 000 to $50,000 to

several states. The purpose of these grants will vary: for example, Illinois will
receive an award to support a program linking small businesses in the Chicago

area with the inventor communtty, New Jersey is bemg gtven a grant to

mformauon system

ERIP also participates in the conferences of various associatlons in the
invention field, such as the American Association of Small Research
Companiers. ERIP buys space at the conferences, and invites the prograrn's

inventors to exhibit their technologies.

133 IbLEBMn.dgﬂ

ERIP is small for a federal program with an annual budget of about $5
million. Total program appropriations from 1976 through 1984, the period of
this evaluation, were $3‘4“million'. Appronimately one-third of this total ($12
million) was provided to inventors as grants, and a majority of the remainder

supported the NBS evaluation process.
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2, PAST ERIP EVALUATION EFFORTS AND
CURRENT EVALUATION METHODOLOGY

o Program evaluation is an effort 1o assess both how well a program is

workmg and what impact the program has had. In so doing, it spans a

>eontmuum from ana]ysrs of a programs internal management (o examination

of how close the program has come to achrevmg its hrghest goals Between

these cxtremes, the evaluator looks at whether a program's actions are

reasonable, given its objectives, and the program's attainment of i»nterme‘diate

| goals.

~In terms of ERIP, evaluation efforts can focus on:

+ ERIP operations (e.g., how well NBS and DOE are managing
. _ERIP) .

« ERIP services (e.g., the quality of these services)

“ e direct 'consequences of ERIP (e.g., the amount of
technical and commercial progress of ERIP inventions)

o societal consequences of ERIP (e.g., net employment,
energy, and environmental effects)

_This evaluation and those c’onducted previously focus primarily on ERIP

‘services and their direct consequences.

21 A BRIEF HISTORY OF ERIP EVALUATION EFFORTS
2.1.1 Past ERIP Evaluations ,

- The initial evaluation of ERIP began in 1980, with 30 case studies of
program-supported irrventors. These studies focused on the history of the

inventions' development, the grantees' experience with ERIP, the amount of

progress made after ERIP financial aid was ‘gi"v‘éh, and the t;e'cliﬁic"al', aspects of

the invention. An analysis of the studies can be found in Rorke, Bronfman,
and Soderstrom (1983), while the case studies themselves are contained in

Bron}fman, Rorke, and Soderstrom (1982).
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funded cases, ﬁve ‘cases were chosen Wthh were recommended by NBS but

were not funded by ERIP. This was done for companson purposes. Detarls on

~each of these 30 new c_ases studies can be found in a report by Kiemiff, et al.,

1984.

Based on a DOE/ORNL review of the 245 inventions that NBS

recommended to DOE as of October 1983, an addmonal evaluatron was conducted

“in FY 1984, The purpose “of this evaluation was to update and expand the

estimates of project outcomes in terms of: (1) job creation, (2) sales of the

technology, (3) follow-on investment, and (4) venergy ‘impact. In orde_r""to

""update thrs i‘nbformationdfor FY 1984, "outcomes"‘data' were collected by mail

‘questlonnalres and telephone 1nterv1ews for 105 of the of 245 mvenuons The

results of the rmpact assessment and case studles are contamed in the 1984

‘ Evaluatton Annual Report (Soderstrom and Rorke, 1984) The same updated

outcomes" data for FY 1984 are also used in the 1985/86 evaluatton. the subject"

“of this report. ‘

2.1.2 Past Program Analysis
The program analysis area has focused on developing information on
issues and other programs relevant to the operation of the ERIP. In FY 1983,‘
panels of experts were assembled to provrde mformatton on each of three
topics:
» new product development;

»  financing inventions; and
. licensing inventions.

- ‘The intent was to consrder possxble modifications to the services provided by

the program, gwen ‘a state of-the art ‘review of each toprc A second major

“effort was an exammatlon of altematlve approaches for provrdmg serv1ces by

srmllar forergn and domestrc invention support programs.  While the overall

- consensus was that ERIP serves mventors appropriately, it was agreed that
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22 CURRENT EVALUATION DESIGN

As was true of previous ERIP cvaluauons, the research design employed

here relies primarily upon data collected from program participants. Thus,

information from at least three major sources is lacking. First, no comparison

or control group 1s snrveycd tocsnmatc how the ERIP mventors would have
performcd m thc absence of ERIP servxccs. Rathcr the hu:ramrc at large has
bcen rehed upon for msxght into the mvenuon and mnovauon processcs.
This leads to imperfect ;omparisons—-as when our findings are compared with
those of much earlier studies, or wﬁén ERIP u’:chnologiés arc’. comp‘arcd with
technologies that do not have an emergy focus. In such instances, the
limii#tidns of the icémparisoﬁ’sy are noted.

Second, information is not collected from licensees, joint vcntuttrs, o

‘supplners, dxsmbutors. and others who may be acuvely mvolved in

commcrclahzmg ERIP mventmrns ’ As a result esumatcs concemmg 1mpacts
of the ERIP inventions are hmncd 10 those expenenccd by or known to the
ERIP parumpams. Inducct program 1mpacts are 1hcrefore not fully
anlculated

Fmally, dctaxls of the admxmstranve funcnonmg of the ERIP program
are not collected. For instance, no time management analysis was conducted 10

determine how the Invention Coordinators spend their time. Similarly, no data

© are available on variations in grant processing periods across Invention

Coordinators. As a result, it is difficult to draw conclusions about the efficiency

‘with which ERIP services are delivered.

Dcspnc thesc hmxtauons, thxs cvaluanon lS the most comprehenswc

empmcal assessment of the ERIP program conducted to date. In particular, it

analyzcs data drawn fmm morc ERIP mvenuons 1han had prcvxously been
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In all but 31 cases the respondent was the program participant.

Program participants are typically the ERIP technology's inventor, although

in some cases they are the entrepreneurs/licensees. The 31 respondents who

are not ERIP partxcnpants were the result of referrals from partlcxpants or
thexr colleagues FIVC of these referrals were hcensees, and eleven were

entrepreneurs such as the mventors current employer or the owner. of a new

;venture set up to commercxahze the invention, In seven cases an employee of

- the program participant completed the survey. Several of the remaining

eight respondents were relatives or colleagues of deceased program

participants.

223 The Sample
| This evaluation‘sought inforrnation on the 307 ERIP applicants
recommended to ERTP as ‘;‘of June 1985." 'Of'this population of 307, information

specxfied in the telephone questxonnaxre is available for only 204 cases. Data

vare mlssmg for severa] reasons Some people declmed to be 1nterv1ewed

others s1mply could not be found In cases where a smgle mventor had

mulnple mventtons, concerns about 1mposmg on the respondent led to a

“decision to collect data on only the most recent 1nvent10n Fmally, there were

some case studtes whlch could not be transcnbed mto the mterv1ew format. A
breakdown of cases and the reasons for nomnclusxon 1n the database. appears
- Table 21 S T T R P es TIRUE e R .

- Like ‘those who ‘were lnteﬁiewed, some of the ’E’R'VIP' ‘Vi‘n‘\(entors who were

not mterv1ewed were unsuccessful whxle others probably had sales

fInventlon Coordmators mdtcated that some of the nonrespondmg inventors

have been unsuccessful in terms of commercializing their ERIP technologies,

“and interviewers found that some of the nonrespondents were unenthusiatic

about ERIP. In contrast, other participants who are not in the database stated
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These three definitions represent alternative and distinct measures of

‘achievement for ERIP inventions. Inventions which are being produced and

marketed are not necessarily successful since they may not have achieved the
threshold level of sales or concluded a licensing agreement necessary to be

labelled "successful.” 'U'nvtiyl thcy 'have sold their first unit,bthcy are also not

-considered "commercialized."  Conversely, ncither .commercialized nor

successful inventions are necessarily in the production/marketing stage since
inventions can achieve ‘substantial sales and licensing while still in prototype

development or even earlier stages.
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3. SALES OF ERIP INVENTIONS AND
" THEIR SPIN-OFF TECHNOLOGIES

~ This section provndes an in- depth descnpnon and analysis of 1he sales

of ERIP inventions and their spm off technologles through 1984. The data are

"exammed frem three vxewpomts. Flrst the mvenuons are charactenzed

accordmg to thelr status as. commercxahzed, successful or in producuon/

markeung, as defined m‘ Secuon 224 HNext, the commercmhzanon modesk |
(direct sales,’ licensing agreements, joint venmres, etc.)_used by ERIP
inventors are analyzed. Finally, an’estimation is made of cumalative
invention sales--a vital factor in assessing the overall impact of the 'prog_ram.
3.1 INVENTIONS THAT ARE COMMERCIALIZED, SUCCESSFUL, OR IN
- PRODUCTION/MARKETING

More than one- thlrd (N—70) of the 204 1nvemlons studxed here were
commercxahzed by 1985 that is, they had dxrect sales, a llcensmg agreemem a
joint venture, or a spin-off technology with sales or licensing. It is also

known from previous case study evaluations that another three inventions

" have been commercialized. Although telephone survey data do not exist for

these three, sales data are available, enabling their inclusion in this section of

the evaluation. Eighteen percent (N=37) of the 204 inventions are successful

: (that IS, they have achleved a minimum level of sales) as are lhe same

additional three inventions for Wthh survey data are unavallable Flfteen
percent (N=31) of the 204 inventions are in production/marketing, as are the
additional three. |

" Figure 3.1 illustrates how'the three categories ef inventions overlap.

Whnle successful mvemlons are a proper subset of commerclahzed mvemlons,

'i"‘they do not mclude all of the inventions in productlon/marketmg Only 23 of

~ the 31 inventions in production/marketing have been commercialized, of
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ERIP inventions have been terminated as commercialization projects and that

* others have been shelved or temporarily placed on hold. As of the 1985

survey, however, these were few‘i'n number
On the other hand the numbers of ERIP inventions that are commer-
crahzed successful or in productlon/marketmg are qurte 1mpress1ve when

compared wrth the success rates of technologlcal mnovatlons as a whole One

study estrmated that 1t takes some 58 1deas to yleld one successful new product

(Booz-Al]en and Ham‘il’ton,{l963) Myers and Sweezy (1976) estimate that only

about 10 or 12% of ideas submitted to corporattons for screening w111 enter the

development plpelme

A recent prehmmary evaluatron of the Small Busmess Innovation

‘Research (SBIR) program also suggests that lower rates of commercrahzauon

are typtcal (U S. General Accountmg Office, 1986) Informatlon was col]ected
from 19 ﬁrms receiving awards in 1983 or 1984 to develop 48 dlfferent
technologles As of the end of 1985 only one of the firms had developed or sold

products using technologles developed wrth 'SBIR fundmg ' Most of the others

“'were trying to attract pnvate sector fundmg An unknown number of firms

had also used hcensmg agreements or had glven optrons for ownershtp as a
means of securmg pnvate sector financmg for commercrahzatron
Several drssnmxlarmes between the evaluatlons of SBIR- .and ERIP-

supported technologres make drrect comparisons dlfﬁcult The SBIR

: eva]uatron was based on the state of supported technologres only one to three

years after therr SBIR grants had been awarded ERIP grants were issued as

Pearly as 1977-~e1ght years before the collectton of data for this evaluatron | On
the other hand the average SBIR award studled by the General Accountmg

‘Ofﬁce was $91 525 which is nearly twice as great as the typical ERIP grant
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agreement thh one or more hcensees However, the data collected on sales
from hcensmg is less complete, thereby lrmttmg comparisons

- Of the 204 inventions mcluded in the database, at least one unit of
product or service from 30 of these had been manufactured and marketed by
the inventor and/or his"cornpany ’between‘ 1980 and! 1984 | Gross ”sales by year,'
l980 1984 were collected for 25 of these, cumulative gross sales for the same
\period were collected for four of these, and the gross sales for the remaming

invention was reported as "confidential” by the inventor.

;322 S_a]_es__Ihr_Qngh_LLc_ensmg_Agr_e_em_euts

The data collected on invention sales through llcensmg agreements are

_primarily a cross sectional view of 1984. In the questionnaire used to generate

the data, no information regarding the origin or duration of the technology's

Ii"céns;ih"g””'v‘&éé"fé&iiiéé‘i’édf "'While gross sales by year are available for some of

the agreements. data on mventor royalties are unavailable by year

As of 1984 one or more hcensxng‘ agreements had been concluded for 38

ializedERI ns 'l_‘hus, licensing would appear to be

the preferred (or perhaps the most accessible) mode of commercialization for

~ ERIP inventors. The types of data collected on ‘lieensing agreernents are given

in Table 3l Although 25 of the 38 hcensmg agreements have resulted in sales

of the mventton, sales data are available for only ll of these

per

ed on these figures,

the average royalty is between 5 and 6% ThlS mformation becomes 1mportant

in Section 32 3 where sales data are estimated in mstances when only royalty

_'data,_are:avﬂail_ablet It also provides some support for the criteria used in this

evaluation to define successful inventions (i.e., $5,000 in cumulative royalties

“or $50,000 in sales in any one year from 1980 through 1984). Cumulative
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' number "of ‘observatxons can be made

o through the startup phase that those in direct sales have to expertence

“were distributed equally between the first year of sales and 1984

29

_identify those whrch were known to and drvulged by the 1985 survey

partrcrpants

3.3 TOTAL SALES OF THE ERIP INVENTIONS

- 331 Total Sales of 43 Commercialized Inveni

ol S R P T T R e B AR T

Gross sales data were collected for 43 of the 73 commercialized inven-
trons, tota]mg $122M for the penod 1980 through 1984 (Table 3. 2) From these
data, yearly and cumulattve totals have been denved for the three modes of

commermallzatron described above.‘ k

Frrst comparmg across the sources of sales shown m T bl

3.2, a

higher for those sold through licensing agreements than for those that were

manufactured and marketed directly by the inventor. For the 11 licensed

mventrons (where gross sales by year are known) $75M m sales were

generated Only $44M in sales resulted from the 29 mventlons sold drrectly

o The greater sales resultmg from llcensmg can perhaps be attrtbuted to the

fact that IICCDSCCS tend to be establrshed enterpnses, they have already gone

Over

time one might expect the dtfference between sales through licensing versus

direct sales to dtmmtsh as the new ventures mature.
Second, comparing across years in Table 3.2, sales are found to grow
between 1980 and 1982 and then level off between 1983 and 1984. This stability

is to some extent an artifact of the rule used to assign sales to specific years

when mventors mdxcated only total gross sales. In such mstances, total sa]es

Gross sales of

. $33.6M for four inventions were treated in this way.

The average gross sales per invention is
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,,sales over grant expendrtures The gap between sales and grants is even more
dramanc on the cumulative ﬁgure To complete the two ﬁgnres, ‘annual sales

of $32M are assumed for 1985 and 1986 These are lrkely to be conservatrve

estimates, based on the growth in sales from 1980 through 1984 - The

‘ ektrapolation of sales from 43 to 73 1nvenpons is explained below.

'30.M
20-26M

10-19.9M

5.9.9M

2:4.9M

1-1.9M

- .. 750-999K

e TOTAL  500-749K
GROSS SALES 300-499K i E
1980-1984 200-299K b B

el e 180-199K -

100-149K
50-99K

. NUMBER OF INVENTIONS

' Fig. 3.4 Distribution of cumulative gross sales for ERIP inventions.

The data reported in Table 3.2 represent a conservative estimate of gross

ales of ERIP inventions. One major reason for this is that the data describe only

43 of the 73 commercralrzed mventrons Yearly gross' sales were not collected

"from 14 of the known hcensmg agreements wuh sales If these 14 remaining

mventrons were as successful as the ll for whrch yearly sales data were
available, umulatrve ‘sales from lncensrng agreemems would be approxrmately
$169M Applyrng the same rationale to the missing data on direct and spin- -off

gross sales, cumulanve sales for these two commercralrzatlon modes would be
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Fig. 3.6 Cumulative invention sales, program appropriations and grant awards. (Sales data for
1976-1979 and 1985-1986 are extrapolated.) :



Asasummary indki'c;i%it’iorijvp’f'f{t‘iié"ﬂeffectivenes:si“bfim’EiiIPi, the $22'1‘M :i'n

‘ - o ~ cumulative gross sales’ can be compared-with program costs. =~ Approximately
Ly $12.1M in grants were ‘aw‘akirded through 1984. Thus, the ERIP program’ has
generated an 18:1 return in terms of the value of sales to grants. Usihg total

- program appropriations from 1976 through 1984 ($34.0M) as the denominator,

. |  t,his"‘:f;;itri(‘)‘is‘i'ediiced o 7:1.
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. -people who were interviewed in this evaluation.
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4. JOBS, FUND RAISING, ENERGY BENEFITS,
© " AND PARTICIPANT SATISFACTION |

4.1 INTRODUCTION

~This section estimates some of the economic and nonmonetary

‘con'sequenCeS‘ of ERIP, other than salesof ER}IP_inventions-‘-the subject of -

Section 3 The economic 1mpacts dtscussed here tnclude job generatxon, fund
ralsmg, and energy savmgs and productlon (Sectlons 42 through 4.4). Other
economic _effects (e.g., on wages, product prices, and production costs) are not
analyzed, nor is the impact of specific ERIP technologies upon their subject

ﬁelds. - The nonmonetary consequences of ERIP (technical assistance,

credibility, etc.) are assessed ‘and compared with pamcrpants expectattons in

= Sectton 45 "The seetron concludes wrth a dlSCUSSlOH of partrcnpants

assessments of ERIP,

Intervtewees were asked for the number of full— and part trme o

employees worklng for them on tasks related to thelr ERIP inventions. The

responses 'to these questtons mdtcate that the inventors (and their firms) ‘had
a total of 619 employees, 371 full-time and 248 part ttme, dtrectly workmg on
Assummg that part-ttme
workers are employed half-time, this equates to 495 f_ull-time equivalents
(FTEs). | |
 The 495 FTEs do not include the full- o part-time employment of ERIP

inventors. Slrghtly more than one half of the mventors held ]ObS at the ume

of thrs eva]uanon that mvolved specrfic issues related to thexr ERIP invention

(see Table 65)
Further, the employment reported here relates only to the companies of

Employment by licensees and
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inventions than are’ salcs.
To better understand the nature and ongm of these data, ‘the employ-
ment ﬁgures for the 73 commercxahzed inventions xdentxfied in thIS secnon

were extracted from the total sample. Table 4.1 displays the percentage

dlstnbutxon of full time and pan -time jObS for both the commercxahzed and

f'noncommercxahzed mvenuons

42
30-30
20-20 BB Part-time Jobs
L 15-19 B B Full-time Jobs
NUMBER  ,, ,, '
OF

©

PO R T T " N

0 5 10 15 20 25 30 35 40 45 50
NUMBER OF INVENTIONS

Fig. 41 Full and part-time job generation for ERIP inventions. (Jobs refer to
the employment created by ERIP inventors and do not represent the
program's net employment impacts. Also, jobs held by the ERIP
inventors and many of their licensees are not included.)

Table 4.1 shows that the 131 noncommercialized ihventions have been
almost as important as the 73 commercialized inventions in generating jobs.

This accounts for the dispersed distribution of jobs across inventions, noted

‘earlier. It is also true, however, that the noncommercialized inventions have
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~ point of use. In1984 dollars, the same threshold is approximately $250,000
(U.S. Department of Commerce, 1985). Only 26% of the ERIP inventors believed
it would cost less than this antount to bring their inventions to market.
Many inventors antic‘ip’ate obtaining substantial funding for invention
development, with the dominant anticipated source being venture capitalists
: (Tables 4.2 and 43) The average ERIP lnventor expects to rarse shghtly more
than $1M from all possxble fundmg sources. However thrs average is hxghly |
inflated by the expectations of four inventors to raise a total of $44M from
stock offerings. If this $44M is removed from consideration, the average
' expected bfunds ‘reduces to )$599K per inventor.

Data on actual smoney ralsed are sobermg The average fundmg obtamed

" by each inventor before apphcanon to NBS is $198K and since entermg the
- program, the average vra‘i"sed_is $183K per 'inventor If we asSume that’ each“
inventor’ received an ‘ERIP ‘grant of $5’0K‘ the total fundmg of each mventor,
: as of thelr 1985 mterv1ew is $431K Thus, the ERIP grant represents, on .r
. average, 12% of the inventor's funds, and a much greater percentage for most
. ERIP inventors since the funding data are highl‘y skewed by a minority of the
’mventors who have been highly successful

The fundmg ‘sources whxch dommate m‘the pre; vs post’ERIP perlods
differ substannal]y The average amoum of personal funds (le, self—fundmg
’and fnendswand relanves) goes steadrly and markedly down from pre- -ERIP
 ($121K), to post-ERIP ($32K), to "expected availability” (S6K). So, 100, does the
number of people wl_lo‘ used (or expect to use) personal funds decline over time
(Table 4.3). The most.prevalent source of pre-ERIP ’funding is the inventor

htmself wrth 81% of the respondents reportmg an average of $140K of such

- funding pnor to thelr apphcatton to ERIP Only 45% of the inventors reported
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Table 4. 3 Actual ‘and expectcd sources of fundmg for mventlon developmcnt
mean values for inventors reporting - nonzero funding (m $000 s)2

Average Average Average Number

Funding pre-ERIP Number post-ERIP Number expected expecting
source funding reporting funding reporting funds funds

- ~Self funding 140 141 61 78 42 13

- Friends or relatives - 59 24 101 8 50 2

. Inventor's company 119 9 96 5 113 2

- Sales, royalties, or 31 2 153 5 361 7

¢ ©  joint ventures

© Venture capitalists 316 20 1,000 17 1,100 47

. - Stock offerings 400 1 1,600 2 11,000 4

- Lending institutions 74 7 37 6 41 4

~ ~Small Business 150 1 333 3 258 3

© Administration

- Other federal programs 126 6 139 12 413 10

~ State or local govemment S 2 33 4 228 5b

- Others 427 1 183 13 426°¢ _l14

Totalsd | 34,622 32,411 111,271

- ~3Mean values are based on the number of people who reported nonzero funding.

: bThis figure omits one very large outlier of $35M.

- CThis includes ten inventors who reported expecting a total of $500K more in ERIP funds.
dTotal amount of funding, summed across all the inventors shown above.



i

v

L

FEFT T
T =

B |

-y

s &

i

bl 4

=
Gt

Sy

W

)

[3e4

140
= 121.8
g D g ’ 114.8
120 gy PRE-ERIP
AERAGE | FUNDING
AMOUNTOF 10 -
FUNDING,PER = B PoST-ERIP
ERIP INVENTOR * FUNDING
(in $1,000$) 80 +-EiiiEat .
60 -
40
20 -
o]

PERSONAL GOVERNMENT ~ BUSINESS ' COMMERCIAL

CATEGORIES OF FUNDING

PERSONAL  -- Self-funding, and friends and relatives.

GOVERNMENT-- Small Business Administration, federal
programs, and state and local programs.

BUSINESS -- Inventor's company, and sales, licensing
or joint ventures.

COMMERCIAL -- Venture capital, stock offerings, and
lending institutions.

Fig. 42 Major categorics of funding during the pre- and post-ERIP periods.

during early stages of innovation development, and the importance of

cdmmercial_ fﬁnding in later yc»ars‘."
In sum, the data show a strong need for programs like ERIP. Personal
funds are available in mcaningfu1 amounts only during the initial years of

innovation development. Less than one-third of the inventors are able to

‘receive substantial commercial funds, and those who do obtain such support

must wait several years for it. Thus, public support at the pre-venture capital

stage helps to fill a significant void.
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sources or environmental/safety issues. Attempts were made to measure the

" energy savings of the ERIP inventions, but no reliable numbers were generated.

4.5 EXPECTATIONS AND PERCEIVED BENEFITS OF ERIP

A substanual percentage of ERIP partncxpants (35%) enter the program

“with the assumption that they wxll receive more than monetary help

4 (Table45) Stralghtforward adee about substantwe lssues (testmg.

technical assistance, business assrstance) accounts for 48% of those who

‘expected to"recei'vé nonlmonetary"assistance. Al other expectatrons refer to

’expandmg the mventors contacts and credlblhty Although ERIP is a grant-

giving program, many of its pamcrpants antrctpate help wrth thexr marketmg

and networking efforts.

Table 4.5 Expectations about ERIP

Number of Percent of

Expectation participantsd participant
Development funding 116 65
Credibility/endorsement 13 7
Evaluation/testing of invention : 12 7
Contacts in other federal agencies 10 6
~ Commercialization education 9 5
_ Technical assistance D 9 5
Reference to another source of funding 6 3
Industry contacts 3 _2
Totals | 178 100

“8Data are missing for 26 inventors.

The extent to which theyse'“nonmonetary expeCtations were fulfilled is

suggested in Table 4.6. An open-ended question asked respondents to articulate

~ the most important thing they got from ERIP, other than money. Of the 112
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4.6 SATISFACT [ON WITH ERIP

ERIP gfantecs are gcnerally satiSﬁed With'thc p’rogram " Have théy”

rccommended that others submtt inventions to ERIP? Would they submtt othcr

‘ 1nventxons to ERIP" Have they submmcd another mventnon to ERIP" A

summary of responses to these questions appears in Table 4.7.
_Taken together, these figures represent quite a positive view of the
program. Without any outside ‘prcssure to recommend ERIP to others, 40% of

the respondents did so. Eighty percent stated a willingness to submit another

Table 4.7 lndioators of sntisfaction'with‘‘ERIPa

_ Yes __No

'Qoestion ' - Y’Nnmber Percent Number Percent N
'Have you recommended 82 46) 95 (54) 177
others to- ERIP? ,

Would you submit another 155 (80) 38 @0y 193
invention to ERIP?

-~ Have you submltted another B 40 ‘ (25) a 123 (75) ‘ 163

invention to ERIP?

aSample sizes vary with the quantity of missing data for each question. '_

invention, and 25% have actually done so. Thus, grantees' past actions and
bintcntions for the futurc both indicatc a sense 'that ERIP is a useful ’and
1mportant clcment in their mvcntlon effons

In response to ‘a variety of open-ended qucstxons, many ERIP inventors
mdtcated a frustrauon thh the length of time elapsmg between submission to
NBS and recelpt of their grants Flgure 4.3 documents the txmtng and durauon
of the NBS and DOE review penods, for 31 ERIP inventors. Thesc inventors are

those examined both in Soderstrom and Rorke's 1984 evaluation of 50 inven-



DS TR0 T T Y Y 1) IR O B D

R R Y R R R Rt i3 R

D R Y S L L R L R R Y P S S LR eveevsvesevea

uwopeayddy  SAN
0y Jojag
juawdojarag

jsesjuo)) Buyssasosg Buyssadoayg

SHN

casssssssanas S N N R R T R LR LR R R R S

J0d
NN /LSS S

P e P T R A T

4133

T N T R R

'spouad mMI1A31 FOQ pue SEN JO uoneinp pue Sunwuij, é'p 81

AN
N
N
\ R R R - - oo
Nl B B NN s R R Lo
3
I ....... =
B RO  E PP U R eeeene e R BN PESUURRS | RPN =
N N3
o

R R R T T R R R R Y SR AR RS R A R R L L R R AL R A LA R AR AR AR A I S AR R L R R} ~ 2

acamssrraann &

R R D e T R LR R cmcene O Crsaasesasattrasaasssny e
2

cerensue teteeseraanarne e R L LR R vereeneeanans cerereeee PRy

R IR T T T I T R Y R

IS .




ERE s

|

b
¥
3
12
o

R

-+ This section describes the ERIP inventions and analyzes their success

using several inventionfinnovation classifications. The first part of the

" s‘e’Ct'ion analyzes ERIP inventions based on a technmical classification. Attention

then turns to an analysis of the distinction between product and process

inventions. The final section analyzes ERIP inventions using a typology of

_ innovation stages. In general, this section seeks to develop realistic beliefs as

to what could be expected kfrom different ERIP inventions, to identify types of
inventions which might be given special attention in the selection process,
and to determine when assistance to an inventor might be most useful.

With the exception of categories 8 (Consumer Products and Practices)
and 9 (Mtsce]laneous) the NBS techmcal classd’icatlon system reﬂects dtstmctv
mdustnal sectors of the economy. It is well documented that barriers to
innoyation differd among sectors; some sectors are more r.ecepti’ve ‘to change

than others (Nelson and Winter, 1977). As examples, :Ameri'c”an agriculture has

regrstered tremendous gams m producthty due to numerous tnnovattons in

farmmg technology, whtle the constructlon mdustry has been parttcularly

slow in adoptmg innovations (Roessner, 1984 Brown. et al 19835).

5.1 A TECHNICAL CLASSIFICATION OF ERIP INVENTIONS

NBS devised a nine- category technical classification system for the
inventions submtttcd ‘to ERIP. Table 51 presents a detatled breakdown of thts

classification along with the dlstnbutron of 343 ERIP inventions recommended

- to DOE by the end of FY 1985 Nearly one-thtrd of the inventions have been
developed to improve industrial processes. Other well-represented categories
are Buildings, Structures, and Components and Fuels and Lubricants

-Acquisition, Production and Distribution.
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Table 5.1  Technical categories for energy-related inventions recommended
___ _to DOE by the National Bureau of Standards? (continued) '
~ Invention Percent
: “class of
Description number Number- total
Buildings, structures and components 6.0 64 18.7
Design, construction and 6.1 5
construction practices
Heating, cooling and ventilating 6.2 7
Instruments and controls 6.201 5
-~:Boilers and furnaces 6.230 6
Flue heat recovery 6.231 2
Air and oxygen inductors and injectors  6.232 1
Oil burners ‘ 6.234 2
~'Combustion controls and equipment 6.236 1
Coal-oil-water mixtures 6.237 1
Electric heat 6.24 1
~Heat pumps 6.25 2
. Air conditioning 6.26 7
Ventilating systems 6.27 1
Hot water supply 6.3 5
Insulation and Insulating practices 64 11
Electrical wiring and fixtures 6.5 6
Plumbing and fixtures 6.6 1
_Industrial processes 7.0 112 32.7
Civil engineering 7.1 3
... Agricultural equipment and 7.2 14
" farm equipment ' '
Mechanical contrivances 7.4 5
No further classification -- 90
. Consumer products and practices 8.0 10 3.0
Consumer education and behavior 8.1 2
Appliances : 8.2 7
- Lamps and light bulbs 8.4 1
Miscellaneous .0

3.1

aNumbers represent the numbers of inventions recommended by NBS through

October, 1985.

Source: Adapted from National Bureau of Standards, 1985.

Studies show that several factors determine an indusiry's innovative-

ness. Industry structure is certainly crucial; decentralized industries (those
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M ‘Table 5.2 Success of product- versus process-oriented inventions
Unsuccessful ~ Commercialized
Number % Number %  Number %
| _ Product-oriented 78 39 50 36 18 49
Process-oriented 35 17 23 7 7 19
- Both 89 44 64 47 12 32
Missing cases 2 - 0 - 3 -
o comparing inventions, a means of determining which were progressi’rig”énd )
~ .~ which were not. -
o A nine-category scheme is used by NBS to classrfy stages of the
b innovation process (Fig. 5.2), but it was felt rhat thosev eategones were too
specialized for the purposes of this evaluation. It might be roo difficult for
{ ~ ERIP inventors to always understand the finely-drawn distinctions between
. the NBS categories, and to apply them to their own work. So, in the absence of
any other agreed-upon set of categories, it was decided to let the inventors
- themselves identify the definable stages of the invention process.
‘To do this, inventors were asked the open-ended question: "Please
-
- brrefly descrlbe what stage your work was in- when you apphcd to the NBS and
- what you have done smce Four clear stages emerged from the responses to
this quesnon
e 1. concept development,
R 2. feasibility testing,
3. prototype development, and
4. productron/marketmg
P The followmg analysrs of ERIP mventors progress is based on these four
- categories. The relationship of this ORNL typology to the NBS classification is
shown in Fig. 5.2. | |
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Table 5.3 Distribution of ERIP inventions across innovation stages

Inventions at Inventions at Inventions

, time of time of ' with no stage

-~ NBS application interview —progression

Stage Number %2  Number - %%  Number %P

L Concept g R b e i R 5

‘development | |

2. Feasibility 36 21 33 19 12 33
testing ’

3. Prototype 62 36 8 50 47 75
development .

4. Production/ A3 | 8 31 | __1_8_ - -

marketing

aPercentages in these columns are based on the sample populatton of 170
(Information is missing for 34 inventions.)

bPercentages in this column are based on the number of participants in a
particular stage upon NBS application (i.e., row percentages).

way to go to achieve full commercial success.

mentioned by inventors who were in production/marketing at the time of

application.

S Al i : P T S SRR NS

Probably most frequent were product qualifications--
technical, design, and installation improvements that allowed
the invention to be more cost effective in the use for which it
was originally intended. The addition of new components,
changes in the materials used, and other such refinements
are examples

Other advancements at thls stage enabled the invention to be

-applied to a broader range of markets and use situations. This

sometlmes requrred substantlal redes1gn

B

Both of these types of progress are related to a thlrd transmon

»~ occurring in stage 4--from limited to full producuon Refine-

ments, redesign, and other types of invention improvements
allowed this. One inventor also mentioned that ERIP funds
enabled the productxon of enough units to more fully test

’ market the mventlon

Three types of progress were
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descriptions give a sense of significant progress within the prototype

" development stage.

The movement_,of those inventions which progressed to a more

advanced stage since applxcatlon to NBS is shown in Frg 5 3. Thetransmon |

_between prototype development and productron/marketlng xs clearly the

hardest for inventors to make. A large proportion of those 1nvenuons
beginning in stagesl or 2 progressed to stage 3, but few progress_ed to stage 4.
Inventions that entered in stage 3 tended to be more successful, with 24% of
them reaching stage 4. This finding concurs with expert opinions on the
subject. The bottleneck occurring at the 'prototvpe stage has“‘beenvattributed to

insufficient seed capital to test and demonstrate claims about technologies

(Shapero, 1981).

Commercialization education addressing the business aspects of
licensing, joint venturing, mew venturing, and financing in general would
therefore appear to be hrghly appropriate, given these fmdmgs These

subjects are in fact the ‘current focus of ERIP's Commercmlrzanon Planning

Workshops. It may also be advamageous for ERIP to provrde trarmng in the

areas of marketmg and the develOpment of busmess plans, in order to

_overcome barriers inhibiting progress from prototype to production.

In the more technical realm, inventors also found drfﬁculty in moving
their pl‘OjCCtS from concept development to feasibility testing. Approxrmately
one-third of the inventions which were in stage 1 when they applied to NBS

for assistance were in the same stage at the time of this evaluation. It appears,

‘jthen, that a large number of ERIP mventors have specral problems wrth

feasrbrhty testmg, thrs too may be an 1mportant area for specialized ERIP

assistance.
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5.3.3 Levels of Success by Stage of Innovation at Application to NBS

Table 5.4 shows the stages at which successful and unsuccessful projects
entered the ERIP program It clearly documents the greater commercxal
success of mventlons whlch were in productlon/marketmg at the tlme of

Two-thirds of the 12 inventions which were in

“production/m'a'rketirig at the time of applriieation were successful in terms of

havin»g ann‘ual sales of $50K fer at least’ one year from'41‘980v through 19’8’4; or
cumulative royalties of $5K. Of the 56 which entered in the prototype stage,
onlyi 10 G.e., 18%) were successes. For the 93 inventi‘ons‘ which entered in
carlier stages, only 13 (i.e., 14%) were successful at the time of this evaluation.
’Thus, other than the high probability of ultimate success of applicants in
producuon/marketmg, there is only a weak relauonshlp ‘between stage of
innovation at apphcanon and subsequem commercial success.

Table 5.4  Successful and unsuccessful inventions:
stage of development upon application to NBS

Number of Percent of Number of Percent of -

Stage upon unsuccessful unsuccessful successful successful
application inventions inventions inventions inventions
1. Concept 51 39 8 26

.o~ development

2. Feasibility 29 22 5 16

testing
3. Prototype 46 35 10 32
* development ‘ _

4. Production/ 4 3 8 26

. marketing

Totals 130 99 312 100

aThere are six successful inventors with missing data on stage of development.
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Fig. 5.4 Number of years working on invention prior to submission to the NBS.
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Fig. 5.5 Number of years to commercialization after submission to the NBS.
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- At the time they were interviewed in 1985, the vast ma_]orny of ERIP

mvcntors held patcnts on thcxr technologles (Table 56) Almost half (40%) of’z'

the ERIP inventions were patented at the time the inventor applied to NBS.
Another 35% were pbatentcd since application to ERIP, and patent applications
wc‘re‘ pend.ing for ano;her 13% 61’ the invemiAons.- While it is unclear how
instrumental the program has been‘ in achieving this high rate of patenting,
several inventors noted ‘in discussions during the telephone survey ihat the

program was helpful with their patent aypplicationsv.

Table 5.6 Patent status of the ERIP inventions

Number Percent
Patented at time of application to NBS 79 41
Patented since application to NBS 68 35
~Patent application pending 24 12
No patent application 22 11
Patent withdrawn 1 1
.. Patent denied , , . 0 ()
Totals? ‘ ' 194 100

There are 10 missing cases.

’An ana‘lysis’of ’the 22 invcnidrs who had not applied for a patent at ihc
time ’of the 1985 survey reveals that they are different in several ways from
the 145 inventors with patented ERIP tcchnglogics. First, only 55% ;yf the 22
hold patents on other technologies, while this is true for 78% of the 145

inventors. Thus, it may be that a lack of experience with patenting has caused

" some of the 22 inventors to fail to obtain intellectual property to their =

mventxons Second more than half (53%) of the 22 inventors are sull in the

conceptual des:gn or fcambxluy tesung stage, whlle thxs 1s true for only 30% of
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6. TYPES OF INVENTORS AND THEIR LEVELS OF SUCCESS™ =~
Thls chapter analyzes the personal charactensucs of ERIP mventors_

The first section descrlbes the ERIP mventors as a whole--thetr formal

education, work history, patent activity, business experience, age, and

geographical location. " The goal is to determyine how ERIP 'inventors might

differ from the \adult population at large; and from the pOpulation of small
busmess and mdependent mventors--the chentele served by ERIP The second
section of the chapter attempts to determine the personal characteristics that

typlfy successful mventors, m order to help ERIP staff better evaluate and

R R R T S i SR

serve the program's participants. The chapter concludes with an analysis of

inventor characteristics, by industry.

6.1 PERSONAL CHARACTERISTICS OF ERIP INVENTORS

This section details some of the personal characteristics of inventors

o involved‘vvith ERIP. Where possible,“it compares these traits to those '

documented by other studtes of mventors and techmcal entrepreneurs, and tok
stansttcs on the U S populauon at large One study, in parttcular, is
emphasxzed m an attempt to determtne how ERIP inventors mxght differ from
the larger populatton of independent inventors. The study of note was by
Qerald Albaum_(19v'77‘6); ‘it descrlbes 103 independent inventors who contacted
and sought‘assistance from the Ex“perimental Center for the Advaneement of
Invention and Innovation at the University of Oregon. Although 42% of these
inventors resided in Oregon, one- thll‘d res1ded outside of the western United

States, indicating a reasonably broad base ‘Since the sample was not screened

in terms of the technleal or market feasrbthty of the inventors' tdeas, it

: provxdes msrght mto the nature of the mventors who mtght typlcally ap'pl’y to‘
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Table 6.2 Field of study of ERIP inventors

Field of study , Number2  Percent
Engineering ‘ ‘ - 8 47
" Physics 8 5
Chemistry 6 3
Other physical sciences ‘ ‘
~ (general science, biology, geology 5 ‘ 3
and applied science) -
Business ‘ , 8 5
Other (law, architecture, and other) 22 12
No college education ' ‘ 45 25
Totals 179 100

@There were 25 cases of missing data.

ERIP inventors 'h‘ave 'mo‘re formal education ‘than one ‘might expect‘
(Table ’6 3). Thirty-one percent have Masters or Doctorate degrees, while only
18% of Albaums sample had any graduate or professronal school educauon
Only 29% of the ERIP inventors lack a college degree compared wrth 53% of
Albaums sample and 81% of the U.S. adult population (U.S. Department of
Commerce, 1985). Thus,” a con's”iderable”amount of technical' college education
is characteristic of ERIP's inventors, but is not an across-the-board trait. It is
well known that large numbers of non college educated people invent -
(Schmookler, 1957) and some of these [inventors have recelved ERIP support o

Table 64 suggests that many of the ERIP inventors had llttle inventing
experience prior to ERIP, but they appear to have more experience than the
average independent inventor. Twenty-six percent of the ERIP respondents
held no 'U.S or foreign patents,' other than one on their ERIP invention In
contrast, fully 7% of Albaums sample had none (56%) or only one patent
(21%) Of those ERIP inventors wrth patents on technologies other than their

ERIP myent‘l‘onsg, the number of U.S. patents per inventor ranges from 1 to 90:
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It is 1nterestmg to note that the college-educated ERIP mventors are
dtsproporttonately represented among the professxonal mventors More than
'f‘*»'t‘one'-third (38%) of the college-educated inventors have six or more patents,
while less than one-fifth (19%) of those wrthout college degrees have six or

more patents It may be that the orgamzatrons in whrch more highly educated

mventors work (eg umversmes) provrde the mcentrves and support to ,

successfully pursue patents. Thus, the difference in numbers ‘of patents across”’
educatronal levels may or may not reflect drfferences in the patentabrltty “of
inventions. | | |

A large percentage of grantees are presently employed‘in jobs th’at are
closely related to their ERIP lnyention. Nearly three»fourths (N=123) of 165
«,:re'spondents replied "yes" to a question of whether their present job was
: related to the invention they submttted to ERIP Albuams study cannot offer
comparable statrsttcs since all of hxs 1nventors were mdependent hence, their
work was typxcally unrelated to thetr current employment - A

A further questton asked ERIP mventors for a descrtptron of the

relattonshrp between thelr ERIP technology and therr current and tmmedrate

past JObS As Table 65 shows, the great majority of responses fall mto

categones which descnbe a close relationship between the ERIP invention
and the. respondents current _|ob However, ll 1s also true that for many, there

is only a tenuous relatronshrp between therr ERIP mventrons and thetr

- present employment. This group might represent inventors with distinct

needs for ERIP support servrces

The close relatronshtp between ERIP inventions and employment
drsappears upon 1nspectlon of respondents 1mmedtate past employment
Almost half of the ERIP inventors state that therr prevrous _]Ob was unrelated to

therr ERIP mventron (Table 65) For only 11% of the ERlP 1nventors did therr
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we know that to many inventors the CPWs had eye-opening appeal.) While a

solid majority of the inventors (79%)'r‘epo'ned' haviug started at least one new -

,busmess in the past many of the 1nventors ‘were undoubtedly referrmg o a

new" venture recently undertaken to commercralrze thexr ERIP tcchnologles

"~ On the other hand, 18% had started more than two new ventures, mdrcatmg

that _some. of the mventors have con51derable commercxallzatxon experlence

Tablc 66 shows that the current and prevxous employers of ERIP

inventors span the entire range of company size. While all ERIP grantees are

_independent or small business inventors when they receive their suppert, at

the time of their interview, 11% of them worked for large firms (500+

~employees), and 34% were employed by large businesses as part of their

lmmedlate past jOb

Table 6.6 Company size--ERIP inventors' current
~ and immediate past employment

_ Current job_ L __Past job
Number of Number of Percent of Number of Percent of
Employees inventors? inventors inve‘n‘torsa’ inventors
1-15 - 106 68 39 27
"~ 16-49 18 12 18 12
- 50-99 7 4 13 9
100-499 ‘ 8 5 27 18
500999 a4 3 53
1,000-9,999 : : 0 6 a9 20
10,000+ ‘ 3 2 16 A1
Totals 156 100 147 100

aThere are 48 cases with missing data on the current job, and 57 cases of

g mxssmg data on the past JOb

To sum up, thc ﬁgures clearly show that ERIP serves a wrde spectrum of

41nventors in terms of employment background educauon, mventmg

.- experience, and other characteristics. This diversity suggests that ERIP should:
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The Amount of ERIP Funding by State

. ORNL-DWG 86-18454

[Jo 100,000 - 249,999
50.000 - 99,000

B 250.000 - 499,999

[\t

=] 500,000 - 799,999
B 800.000 - 2,300,000

Fig. 6.1 The amount of ERIP funding by state.
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‘,mvenuons to, market - In many cases mventors have not progressed far

of the respondents reported doing almost all the work in all phases of

‘invention development.

Table 6.8 Involvement in aspects of invention development o

L Alm_gsi ~_ Majority or Little or almost Sample

Task all (%) about half (%) none (%) size?
~Research and 57 33 10 194
development N

: Maaspomon: iyt : i ,23 B 3 e e

~administration S h ' o ' o
Financial 72 18 10 183

; w;management
| Sales or marketmg 53 . 37 10 - 30b

Production %9 25 3% 28

T

- 8Sample sizes vary with the number of missing cases for each question.
,bOnly those respondents who are in the production/marketing stage are

included for this task.

This fmdmg indicates a subopumal situation if we assume that ERIP

- grantees are not uniformly expert in all aspects of invention development It

also suggests that ERIP mventors are unable to devote sufficnent nme to

suecessfully accomplxshmg many invention- related tasks. It has been noted

by the Inventlon Coordmators that ‘many mvemors are unwﬂlmg to sacnﬁce

’thelr equny posmon in order ‘tov obtam the resources necessary to brmg thelr'

“enough to effecuvely bargam for venture capxtal wnhout sacnﬁcmg a large

f the equit In other instances lnventors could

in thelr 1nvent10ns

strike an attractive deal, but are snmply unwﬂlmg to give up any eqmty
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the findmgs, hlghhghung dlfferences m busmess and

techmcal expertlse. resources, and use of ume

6.2.1 Bus:ness._ﬂuzghm&ﬂ_ﬁ_m
~As shown in Table 6.9, the ages of unsuccessful and successful mventors

do not differ significantly. Both groups of inventors are dommated by

,.,in,divid'uals, who ‘are 45 to 64 years of age. This contradicts the popular‘wisdom

that older scnenusts generally possess less frontler knowledge and are

therefore less successful techmcal entrepreneurs (Roberts, 1969).
Successful and unsuccessful inventors also do not differ significantly

by ﬁeld of study in college Engineers do as well as‘phy‘si'cal scientists and B

" business 1 majors Yet, ERIP pamcxpants ‘with less formal educatlon ‘are more

hkely 1o be successful than those with more formal educauon, regardless of

their ﬁeld of study Thns contradlcls the ﬁndmg of Roberts (1969) hnkmg

successful technical entrepreneurship to "moderate” education--i.e., a M.S.

‘Table 6.9 Comparisons of successful with unsuccessful inventors:
. business and technical expertised

Area of | —Unsuccessful -—-—-S-\J&Qmﬁﬂ—

comparison Number® Percent Number® Percent
Age
18-24 ' 1 (1) 0 0)
25-44 23 (17) 9 (24)
-45-64 76 (55) 20 (54)
gse : S ] 4) ‘8 (22)
N=170 133 37
Field of study in college
Engineering 63 (57 11 (46)
Physical sciences 24 (22) 8 33)
Business and other 23 21) 3 (21)
24

N =134 o 110
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In keepmg w1th Roberts, ERIP mventors w1th PhDs do not perform well as

entrepreneurs.k "‘Thelr general temperament attltude and orientation are

usually out of line with those needed for successful technical
entrepreneurshlp (Roberts, 1969, P- 234).
| Ltke educatton, the numbers of patents held by inventors also is an

inverse indicator of success--26% of the unsuccessful Xin'\(,en%tors hold 11 or

“more U.S. patents, while only 8% of the successful inventors hold as many

ﬁpatents Thxs ﬁndmg suggests that "professional inventors" are less likely to

translate their techmcal 1deas into successful commercial products; they may
be more interested in the technical than the ,bust_ness aspects of their work.

On a similar note, Table 6.9 shows that i‘nvento‘rs‘ with business- or

“management-related work  histories are generally more successful than those

- with ‘teeltni‘cally-related work experience. (Although this finding does not

quite reach statistical significance, it is noteworthy that 80% of the successful

mventors had busmess related work hlstortes, whtle only 60% of the

unsuccessful inventors had such expenence)

Inventors who worked for small compames (1 to 50 employees) prtor to
their current job ‘have a high probability of succeeding commercially with
their ERIP inventions. Almost half of‘the inventors who previonsly worked
for}figrms with fewer than 50 employees were successful with their ERIP
inVentions. ’As noted in the 'introduction of this report, small businesses foster
innovation; it may be the past affiliation with the commercialization process
that‘ has given these inventor’s‘ an edge. Perhaps related to this, inventors who

have had past'experience with new ventures tend to be more successful with

their ERIP inventions than do those who have never started a new business.
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‘with inventions that were technically,

The pattem of successful inventors havmg personal funds to invest

early in the mvenuon process is repeated for pre ERIP commercral funds The

'jdrfference between successes and nonsuccesses is large both in average

funding ($57K vs $34K) and percent of people with $10,000 or more in
commercial funding (38% of the successful inventors compared with 7% of the

unsuccessful inventors).

A comparison was also made between the amount of money raised by
three categones of ERIP mventors--commercral successes, techmcal successcs
and nonsuccesses. (A prOJect that has moved successfully into the prototype
stage is sald to be a techmcal success. ") Fxgure 6.2 presents the results.

The comp rxson “underscores and more fully develops several trends

have already “mentioned. Frrst,“ it is cear” 1hat on the average, “those

who are commercial successes were able to raise more capital than the non-

successes ($525,000 vs $158,000). Second, having large amounts of money does

not ensure success. Third, some of the successful inventors invested very

modest amounts of capital, while some unsuccessful inventors poured great
amounts of money into their work. Finally, this pattern is also found,

although it is less pronounced, when unsuccessful inventions are compared

ut nioi”“"'c"ommercia’lly  successful.
Of course, like all the findings of this section these traits can be apphed '
only in a very general way. For cxample, some technologles are more

dlSparmes between the low capltal successes and the h:gh capltal fallures

Nevenheless, the data suggest enough shared traits of successful inventors to

help ERIP staff to tailor their guidance efforts aCCOrdinglyr
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~ Sales and 8 11 73 6 .13
~marketing? ' ' ‘

" 623 Invemtors' Use of Time

Successful ‘ERIP inventors are more likely than others to share the

responsibilities of management and administration, financial managements,

salesandmafketlng, and pr‘okd'u'ctibn.v‘ Table 6.11 gives the percentages of

successful and unsuccessful inventors who perform "almost all" of various

tasks related tomc_dmmcrcializing their ERIP inventions. The table shows that

for each task, a larger percentage of unsuccessful inventors were performing

almost all of the related work, compared with successful inventors. It is not

known whether this sharing results from success (a successful project would

put greater demands on the inventor's time and greater resources at his

.. disposal), or ggp_s_gg it '(as when good time management and delegation of

responsibility leads to success).

Table 6.11 Number and percent of successful and unsuccessful inventors
: oo performing "almost all" of the invention-related work

Unsuccessful Successful

Number  Number of =~ Number  Number of
performing respond- performing respond-
almost all . ents % almost all.  ents = %

Research and ’ ‘76‘ - 13}1}» ‘ 58 20‘ B 37

‘ de’vc‘lopment

Management and 99 126 18 24 37
administration

Raising capital 96 120 80 25 37

~ Financial %2 121 76 23 37 62

management

_ Production 7 11 6 4 12

46

2Includes only those respondents in the production/marketing Staﬁge.”” = i e
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SUCCESSFUL % with >$5.000 in COMMERCIAL % receiving > $10,000 in SMALL FIRM % from firms with ~ INVENTIVENESS % with 11 or more
cumuiative royalties or FUNDING commercial funds prior EXPERIENCE < 100 employecs patents
> $50,000 in annual sales. to ERIP
PRODUCT % product-oriented PERSONAL % investing > $10,000 in ENTREPRENUER % having started MASTERS' % with Masters’
INVENTION inventions FUNDING personal funds prior to 2 or more firms OR HIGHER degrees or higher
ERIP DEGREE

Fig. 6.3 Inventor characteristics by industrial sector.
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7. CONCLUSIONS AND RECOMMENDATIONS

*~Based on the evaluation findings, a set of recommendations for

improving ERIP operations was developed. These recommendations center on
four main topics:

+ targeting grants and services to inventors;

-« alternative ERIP services and assistance;

‘s ““continuity and operanonal efficiency within ERIP; ‘and
e future evaluation efforts.

7.1 TARGETING GRANTS AND SERVICES

Currently ERIP  selects ”‘erfetgy‘-‘xfel"at"e“d ‘ il_iVen'iio:ia‘ ’for participatioﬁ"' in

the program pnmanly on the basis of technical considerations, with some

"attention gwen to potentlal ‘markets. It is possible that by broademng these

~criteria, ERIP grants and services can be more effectively targeted.

“For ‘example, the program should support projects which are unlikely to

frecelve umely and adequate commercnal fundmg The likelihood of obtaining
‘such pnvate sector support mcreases as mvenuons reach more advanced
_Vstages and is greater for mventors thh previous commermahzauon successes
‘Thus, greater concentration upon inexperienced inventors and inventions in
i‘~C(a‘t"i"c“;"e"fi’t‘*"""de\'i‘elo;')‘ix"u;:x"it' and feas”’ib‘i’lit‘yw ‘esting stages would reduce possible

_ duplication of services from the normal operation of the venture capital

market. If inventions in later stages of development are supported, ERIP

could provide nonmonetary forms of assistance rather than grants.

Altemauvely. grants could be awarded to late stage inventions on a cost-

shared bas:s,,contmgent on the mventors ralsmg support from other sources
and thereby leveraging the program's rgran_t monies.
‘Another consideration in allocating funds is an invention's potential

impact on the efficiency of energy production, conversion, distribution, and
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L . frequent checks on where a grant approval is in the procurement process,
| ahd fof speciel occasxons, requests formovmg abﬁfos"'ﬁls‘ to the front of the
- ;
. line.
4»; 'l‘hroughoot this ‘se‘ctio‘n sugﬂges’tions'have l)eeo made for co.llecting new
o inforrnatiorl‘.mw'I“he ea‘rliest‘ that i\l'lfor‘xﬁa’t“ion couldbe colleeted is upon initial
™ ~ application to NBS. The latest date to eoable targeting is Aafter an ’a‘pplicam has
l been reeorliro‘envded to DOE for fundmg Ez/u'lﬂyy data collection increases the
"" paperwork burden on people who will not subsequently receive funding, and
) the péperwo'rk’ibufden ) on"ihe”iir(')gram could be quite large. Later data
r‘ : collecnon offers fewer opportunmes to expedne cases whxch deserve spemal

attention. A compromise would be for NBS to collect addmonal mformanon
¢ s . from people whose inventions receive high ratings during the ‘ﬁrSt‘""stage"of -
= the evaluation.

In all cases, more frequent communication with the inventors during

ﬂ T e the evalua ’on and procuremem process would be helpful It would allow the

inventors to stay abreast of their appllcatlons and would help to 1dent1fy

ﬁ specylal seqmrements for an eccelera;ed rev:ew process.

™ .~ 72 ALTERNATIVE ERIP SERVICES AND ASSISTANCE

o  This 're‘p‘Or‘t has documented the diversity among ERIP inventors,

m suggesting‘ that theprogram needs to be broad and flexible enough to offer
— packages of services tailored to the specific needs of individual inventors. One
H ‘way 1o ensure access to 2 diversity of technical and commercialization
: :-"\ : assistance is to establxsh a specnal fund to pay consultants for short-term,
o quick-response assistance to inventors. For example, an mventor may needv'
ﬁ help with a business plan or with a special technical analysis. Consultants

shduld be dispersed throughout the country so that inventors can find help

~ close to home, and to encourage the development of mentoring relationships.

e



4 . 14 FUTURE EVALUATION EFFORTS
' ‘Many questions have been left unanswered by ERIP evaluation efforts
- X e . Doy . oy . . o n.e e .
B : - to date. The following discussion of possible future evaluation activities is
orgamzed around a model of thc program 's opcrauons, services, and impacts
- ; v
- shown in Fxg 7.1.
-~ . - - e . } ORNL DWG 86 ‘3154f
C o MODEL OF ERIP TO GUIDE FUTURE EVALUATION
ERIP
o ‘ ERIP
- ' —{ OPERATIONS: | nBS || DOE |
: LEVEL NO. 1
‘ GENERAL EFFORTS TO DIRECT ASSISTANCE
_ ’ PROMOTE INVENTION ] TOINVENTORS
’ ERIP NIWS NON ECONOMIC:
le—{ SERVICES: LINKAGE WITH OTHER ECONOMIC: CREDIBILITY
o, LEVEL NO '2 INVENTION PROMOTION GRANTS COMMERCIALIZATION
e : EFFORTS EDUCATION
v !
~” o i
. , ' Y
PEOPLE'S -
DIRECT COMMERCIALIZATION:
4 le—s-1  OUTCOMES: KNOWLEDGE TECHNICAL DIRECT SALES SPINOFFS
P VELNG 3 AND INTEREST PROGRESS CENSING
P LEVEL NC. IN INVENTION t
=
J | ‘ Y
- ECONOMIC IMPACT
C N oA, ENVIRONMENTAL
PR SOCIETAL AMOUNT OF INTERNATIONAL ENERGY IMPACT
‘ l—— { CONSEQUENCES: INVENTION COMPETITIVENESS OF INVENTION IMPACT OF
LEVEL NO. 4 ACTIVITY JOBS INVENTION®
. : , PRODUCTIVITY
L : IMPROVEMENTS
*ENVIRONMENTAL CONSEQUENCES OF ERIP INVENTIONS HAVE NOT BEEN
SPECIFICALLY INCLUDED IN PREVIOUS EVALUATIONS. BUT SINCE SO
< - ... MANY ERIP INVENTIONS DO HAVE IMPLICATIONS FOR THE ENVIRONMENT,
b .. . THE ISSUE IS INCLUDED HERE AS A SUGGESTION FOR INCLUSION IN
FUTURE EVALUATION WORK.

ot

 Fig. 7.1 Model of ERIP o guide future evaluation.
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7.4.3 Level #3 - Direct nggm;s

Evaluation at this level ofb the model is an effort to assess the impact of
ERIP on outcomes that are dlrect]y affected by the programs operauon "vl‘he
quesnon is whether or not ERIP has had a dlscemlble impact on people's -
interest in inventing; on the technical progress made by ERIP inven;ors; on

~movement toward the market by grantees; and on the development of spinoffs

~ from ERIP inventions. While some insight has been forthcoming from this

and previous evaluations, ERIP evaluations have not yet had sufficient data on
comparison 'g’roru‘ps against which to judge the success of supported inventors.

“Future ‘work should consider o"nei of the following ﬂsampylivn'gj frames from

which to develop a comparison/control group.

- NBS 'se‘c‘ond-sta‘ge 'rejections;

« inventions that are "nearest neighbors to the ERIP

; technologies based on citations in patent disclosures;

* members of a small number of inventor associations; and

* participants in a small number of innovation or incubation

centers.

An analysis of the rate and speed of market entry among a comparison group
would provide a basis for judging the relative performance of ERIP inventors.

If a study of NBS selection criteria showed high degrees of
mconsxslency m who is actually recommended a random expenment could be

justified. A pool of apphcams who have made it through the stage-two

" technical review and ‘thns are about equally viable, could be randomly

allocated to one of four conditions: grants plus nonmonetary services, grants

“only, nonmonetary services only, and no services. This tactic would be an

effective test of ERIP's impact on invention development.
Also, more up-to-date estimates of the economic impacts of ERIP are
needed. At 'a minimum, sales and employmenl data on ERIP inventors should

be collected for 1985 and 1986 and mformauon on the most recent ERIP

paruc1pants “should be complled
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Name of~Int§rviewer:

Date of interview:

 PART 1 - BACKGROUND

Name of person being contacted:

What is the best mailing address
where we can reach you?

2.1 Organization (if applies).cecesscsoes

2.2 fs’?“?"'{v9."9,".5?",?;! ceeetreseseisesnsrnone

2.3 City..,................-............-
2.4 StBt@.coseccsesststoscssnsscssenssnnnes
2.5 zipooooooo.oonooototuoo-oooooo.ooo.oo
What is the best phone number

vhere we can reach y,ou?...........-......

What is the zip code of your
fQSidenCQ?--o.uoon.oooooco.-ooooooocncoo-

Please give us a short descriptive

title of your invention,

(NOTE: Some R's may have submitted
more than one invention, Make it
clear that we are interested in

th‘if most recent submission.).eceescceses

Have you been primarily responsibdle
for the technical development of

:Tind of interview:

Length of interview:

(1.0)

(2.1)

(2.2)

(2.3)

(2.4)

(2.5),

_(3.0)

(4.0)

(5.0)

‘Vthi"iﬂv‘n:ion?ooo-oooooooooooooooo}ogooooo.oc-oooooocooooYEs (1)(6.0)

If YES: go to 8.
“If NO: ask 7. ‘

NO

(2)
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PART 2 - DEMOGRAPHICS

10. In what year were you born? (Enter

Only last two disit')oooo-oooo-.onc.o.oooo.oooco:oocooooo. “o.o)

11, Did you receive any engineering
or physical science training in
any of the following educational
settings?

11.1 High school
11.2 Undergraduate college

11.3 Graduate level (post bachelors
degrae)

"11.4 Vocational or technicsl train-
" ing in military or civilian '
11:,0

12, Did you hold any graduate or under-
grsduate degrees at the time you
~-gsubmitted your invention to the

National Bureau of Standards?

. If YES ask 13,
If NO go to 16,

13;‘;no;awh.t d.gt.‘. did yo“ hold?otoooooo;.

lﬁ;uooooo"h‘t".‘ ybuf ﬁndifgtidudtc

I.jot?odoooo-olooocoooooooooo-ooooo-

YES

,Wﬁo

YES

~ NO

YES

NO

YES

NO

YES

NO_

(1)

(2)

(1

(11.1)

(11.2)

(2)

(1)

(11.3)

(2)

(1)

(2)

(1)
(2)

(11.4)

(12.0)

(13.00)

(13.01)

‘(13.02)

(14.0)
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18.5 Does your organization deal
with any products or services
that are related to the inven-~

~tion you submitted to the
Energy-Related Inventions
Program? »
(NOTE: "Deal with”" = gell, use,

teach about, etCO)-'oooocoo-oooooo-.ooooooooooooo‘tooYEs (1) “805)
' (2)

If YES go to 18.6.
If NO go to 18.7

18.6 Please briéfly explain the
nature of that involvement,

18.7 Is your present job related
in any way to the invention
you submitted to the National

- NO

(18.6)

Bureau of Standards?.............-..-................YES (1) “8~7)

If YES go to 18.8.
If NO go to 19,

" 18,8 Pléase briefly explain the
nature of that relationship.

19.¢440..In addition to the job you
just told us sbout, are you
currently working at any

NO

(2)

,(18.8)

othewr‘jo\bs?.ooooonoo....o'.ol...olooo.o’o...l'o'ol....ygs (1) ('9'0)

If YES go to 20,
If NO go to 21,

NO

(2)
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22.

23,

'”:ilzi@“hst ;“f‘diéJyzhgsggi;fié?dhwwww&WWWWﬁ'JW.Tw‘wNV SR S R
vork there? (Last 2‘digit.)oocooocoocoooooo.oc-oocrow (2‘.])
21.2 Whet year did you stop
. ‘,“!Qggiq‘ there? (L"tkz disit‘)oo-oooooo.ooooooooooo.o (2‘.2)
21,3 Approximately how many full
" time employees did the
“6?§iﬂillti°n haveleseesncessccscscns 12"3)
21.4 Please give us a descriptive
o title for the position you
". had with the organizationeeeecccccces (21.4)
21.5 What vere the orgaﬁization'l
primary products or services?...440. (21.50)
{21.51)
(21.52)
21,6 Was your job related in any ;
Y wdy "€o the invention you
submitted to the National
Bureau of Standard.?.....-............¢-......-......YES (1)(21'6)
NO (2)
21,7 If YES to 21,6 please explain. (21.7)
Prior to the job you just told us
about, was there snother job that
represented your major source of
: VQIployl.nt?. . oof.o’jooooooyooo-CQU(gp0}{,06.§y{r§3Y;§‘(1)‘22.0)‘
NO  (2)
If YES go to 23,
If NO go to 24,
What is the name of the organiza-
ticn?.....'..Q.....l..l‘.........'0....... (23’0)
U23 1 Hhat year did you bcgin to
'Otk th.f.? (Last 2 diSit')o-ooocoooocooo--ooouoooooo (2301)
23,2 What year did you stop :
vofkiﬂg there? Last 2 disit.)oooooooooo'-000000100001 (23.2)
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™ 28, Have your ever operated or held a

management position in a new

business that you or others have
P i L L ‘tart’d? ss0c0vens ',f $00000000s00000s0000C000e ..J.W.k. .... ... ...Y;s (1 ) (28.0)

N0 (2)

~ : f L e
o 29, Developing an invention is a com-

pliceted effort with many tasks

delegated to others, We are interest-
- ed in hov you put your personal effort

o into the invention you submitted to
‘ o " " 'the National Buresu of Standards. I
will read six aspects of invention
related wvork, and I would like you
to rate the extent of your personal
involvement in each one., Please
— use the following rating scale:
s (NOTE: Do not read "6" but score

it if necessary.)

ar SRR .. 1= I do/did almost all the
» o wvork related to those tasks.

_ 2- I do/did the majority of
o ~ : +~ work related to those tasks.

3~ I do/did about half the
work related to those taqks.

?@;M; Celeliiie 4l T dosdid litt

le of the
work related to those tasks.

! 5- I do/did almost none of the
' work related to those tasks,
-~ ; ; 6- no response,or don't know.

29.1 management and ldmin‘i’tr‘ticﬂ.oaoooooooocoo.noo‘o‘oooo (29.’)

29.2 f‘isiﬂg capital...-.................................. -(29.2)
= o |
s 29.3 fin‘nci.l management............................----- ‘ (29.3)
o 29.‘5 sales and ﬂ‘rketins..o.ooooooon.o-ooooooocooonooooc.o (29.&)
s’ . 29.5 research and development............................. - (29.5)

29,6 ptOdUCtion.oo‘ooooooono'to.oooo'oonooo-ono;t-oo-olooocc _— (29.6)
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33. Has any outside source estimated
" “"how much energy your invention will

'produce and/or SCV’?QQ.oooo..oooo00-.;..0.oooooocooocf..ooyss (1)(33'0)

e NO
If YES go to 34,
If NO go to 35

34.0eesesWhat is that estimate?
(NOTE: We want estimate in
terns of unit of device or
spplication of s process.
After R gives response ask
if it 4is per unit, or if he
can state it in those terms,
If he cannot, collect as much
information as possible to
help us do the conversion.)

8MOUNt sesoesacen

anéuﬁfyin ;oQQQ; Q;trié;;......;.;..;.;.;..;....
34.1 What is the name of the per-

son who made the estimate?....

(2)

34.2 What organization does the
- PCflon VOfkufOf?;oooooooooonto

3[;3’str‘ﬂt’Iddf‘h‘ooo;ooo;oo-co;oc‘

3“.“ c‘ty.'..0......'...."'.......

3&.5 st‘t‘....;...........’.'......

36.6 zip.lO"00'000...00...0..00...

34,7 T.I‘Phon. ﬂuﬂb.foo'ooooo-ooooo

34.8 Is there any test’dati avail-
available for the estimate

(34.0)

(34.1)

(34.2)

(34.3)
(3&.&)
(34.5)

(34.6)

(34.7)

that has been madc?............Q........-..c...YBS (1) (3“.8)

- NO

(2)

34,9 If YES, cen we see £E7.euvuessnannenancaceensessYES (1) (34.9)

Nd‘

(2)
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39, I anm g&ikg”ea resd six aspects of
status for a patent. Please tell
me vhich one best describes the
'status of your inVQntion..........o-..-........v...--o....
No patent has been applied _
for on thi. 1“?0“;10“-oo.uqoocooaoooooo-ooo.o-ooo.oooo'o(l)o

A patent was ‘ppli‘d for...-...}.o...;..--..............(2).

A patent application is

p‘ﬂdiﬂsooooooooooo-oo-ooﬁooo((OQo-o-ooofiod\q.o(o@ogcp{o(3)-
The patent was af‘nt‘doo.oo.oooooooooocoooooooooaooooooo(“)o

The patent application was

d.ﬂiedo-.o...o-poooooooooooooooooooéooaoo.ooooooodcouioo(S)o

The patent application was

'ithdt.'n...‘.........'............l...'..........‘.....'(6)0

40, Prior to submitting this invention
to the Energy-Related Inventions

program, have you ever applied for
8 patent on another invention?.ucseeesscesecsssonancossesssYES (1)

NO (2)
If YES go to &1,

If NO go to 45,
‘1.......3&9@ iou’cvcr been granted a

P.L‘nt?....QQOQOQOOC.OVC.........C.’..,..’.l.'..'..!....'YEs (1)

NO  (2)
If YES go to 42,

If NO go to 45,

42,0000, Hov many U.S, patents have ,
you been srlﬂt.d?oooooooo.oo-ooooooooooooooocooo-cooo

43...s¢s.Hov many foreign patents
have you b..ﬂ sr‘nt.d?o.pooooc-oooo,co-cooooo-aqooo.o

S ——————

44...0004Are any of ybur patents
Cuf:qﬂtly in the_uarkqtpllcg?..{.g,...ygt,...g.......YESk(l)

_'.___..(39'.0)}

(40.0)

(k1.0)

(42.0)
(43.0)

(44.0)
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49...0004Please briefly describe the
progress you have made,
(PROBE for dates and relation-
ship to NBS & DOE assistance.)
(NOTE: After this question go to 51)

“304eessesPlease briefly describe the

major reasons why you have

not nade lub;taq;;al progress,

351. Since you applied to the National

~ Bureau of Standards, do you believe
you have made any progress on the
marketing and production aspects

(49.0)

(50.0)

of your inVCﬂti°ﬂ7oooooooo.coooooocooo-Qottoo-ooocotco-o'nygs (1) (S"o)

If YES go to 52,
If NO go to 53.

32.00000sPlease briefly describe the
‘progress you have made.
. (PROBE for dates and relation-
ship to NBS & DOE assistance,)
 (NOTE: After this question go to 54)

53...000.Please briefly describe the

major reasons vwhy you have
nctuqadg‘gubqtpn;igl_progteol.

NO (2)

(52.0)

(53.0)
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56, Inventions can be commercialized
by means of three basic strate-
gies. An inventor can run his
own coapany, license or sell the
invention to another company, or
enter in & joint venture. Which of '
th". is your D‘jot 'tf.tesY?oooooloo'ooocnaoo-oooiooo.ooo (56°O)

run own conplny...-.......o....--...........-o.........o(l).

liCQn.iﬂglﬁellingooooooooooooocoo-ooo.occooo-ooocoo-ooco(Z)o

jOiﬂt venture............-......-.....-......-..........(3).

37. Have you concluded a licensing
agreement for your iﬂVGntiOﬂ?oo-oooooco-oo.oooot-QOQQQnoooYEs (1)(57'0)

N (2)

If YES go to 58,

IF NO go to 61.
58.......P1ease btiefly desctibe the

terms of the licensing agreement..., (58.0)
59.....0..About how much have you re-

- ceived in royalties from the
11C3ﬂ81ﬂs Bsreeﬂeﬂt7ooo.o'coo'ocoocco..oooooooooooool (59-0)

60.cc0veels your agreement with a firm
that can be characterized as

‘American, Foreign. or Both?...............-....Auerican (1), (60.0)

Foreign (2).

Both (3).

61. Have your sold any units of product
(or units of service) from your ine

Vention?.................-...............................'YES (1) (6‘-0)
e i NO (2)
If YES go to 65,
If NO go to 62,
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]

L. 72,

i

65,

66.

67.

.68,

69.

70.

71.

73.

127

About what were the gross sales
for your invention in calendar
year 198“?.00.ooonooiooooc..0000OOOI00-00.0...."000.0000.o (65.0)

About what were the gross sales
for your invention in calendar
ye‘t 1983?..0.0..'.00....'!0'.00.......0..0.'0.....0.‘....' (66.0)

About what were the gross sales
for your invention in calendar
ye‘r 198»22..”0'0‘.ooo’oon‘oono‘o"o‘ooooo-.’o-.-oo‘o/.‘oooovoooyoyo’o-"oc‘u (67.0)

About what were the gross sales
for your invention in calendar
yﬁﬂf 1981?.....0‘.....0‘..'...0.00.0"‘0'....0‘0.....‘...0' (68.0)

About wvhat were the gross sales
for your invention in calendar

ye‘r 1980?0..."....'........l‘.“...".'l.'........,.".. (69.0)

About how many units of your

product (or service) did you

sell in c‘l.ﬂd.r year 1984?.-00.0.000..00.ooooc.nuooooo.oo (70.0)
(NOTE: For 70-74, also obtain ‘

information on what metric inventor

is using. Record as much detail as

possible.)

About how many units of your

product (or service) did you ’ ’
sell in C‘lendaf y“t 19.\8‘-3\‘?.’.‘;‘0.0.ck‘okcno'ono-'ooo’.o'o-ooo.oooo o (7‘.0)

About how many units of your

“"product (or service) did you

sell in calendar year 19827.00--0-ooo.o-oo-oooooo.oooooooo (72_0)

About how many units of your
product (or service) did you

' ‘011 inc.l.ndar Yeﬂf ’1981-“7'..-..‘~..~.rr...~.~.~.r.......‘.".....‘.’... ‘ ) (73-0)

T4,

About how many units of your
product (or service) did you
sell in calendar year 1980?..;......0..0..ooo-ocoo.oo.o-oo (7“.0)
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79.......Ho are interested in how your
invention compares to its major
competition, Please rate each
of the following using this five
point scale:

80.

81.

1- My invention is very much
superior to its competition.

2- My invention is better
than its competition,

3- My invention is about as

" good as its competition.

4- My product is worse than
its co-petition.

5~ My product is nmuch worse
than its conpctition.

79.1

79.2

79.3

79.4

79.5

1 79.6

esthetics (‘.8. sCONSUMmMeETr Appeal)............o-.- (79'1)

utility (e.g..nev uses not in
existing products Orf Processes).ceccecsccscssone (79.2)

durebility (e.g.,feéver break-
do‘ﬂ.. longor P.thrﬂ.nCC)o-cooooooooooooooo-ooo . (79'3)

performance (e.g.,accuracy,
rcl:l.abi.l:lty)..........--.....o......-......._....- (79"‘)

co'lt...\.'.............o-..'..k......;.....;.......; ) (79v5)

Oother (please SpPeCify)eeeeeescoosscsssosscsosons (79.6)

What are the major market barriers
to the success of your inventionN.scecsese (80'00)

(80.01)

(80.02)

Plcaso tell us the najor channela

of distribution for your inventioN..ee... (BLOO)

(81.01)

(81.02)
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85, Can youAnaue one or two people
you consider especially important
in helping you with your invention

'Otk?oooooo-co'-ooooooooo-o..oooooooooooo

(85.00)

(85.01)

86. Can you briefly explain why these

people wvere so important for your
invention work?

87. Hodld You recommend that others
Submit inventions to the Energy-
RCI‘th Invcn:ionq Ptogtlﬂ?o-oooooc.-ooooooooooooooo.uogo.!gs

NO
~I1f YES go to 88,

If NO go to 89.
88...c0ssHave you recommended someone

.18‘ to ERIP?.....nooooo‘oooooo.oooo.oondoocc..obo'ooras

NO

89, Would you submit another invention

to ERIP?..Q......'......Q.......l.'.l.‘l......".""..’....ygs

NO
If YES go to 90,
If NO go to 91.

90..¢¢essHave you submitted another
1ﬂVCnt1°ﬂ to ERIP?........-.......-..................YES

NO

(86.0)

(1) (87.0)

- (2)

(1) (88.0)

(2)

(1) (89.0)
(2)

(1) (90.0)
(2)
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95. Did assistance from ERIP have any
effect on your decision to con-
‘tinue or discontinue work on your
inVGﬂtiOﬂ?ooooo-oocaootoocooooooooodoocoooooooo(co?tocoiioyas (1)(95'0)

i b e i NO  (2)
If YES go to 96.

" If NO go to 97,

96.ccssesPlease briefly describe how
ERIP affected your decision
about working on your in-
vention, ' (96.0)

97. We 8ll knovw that often inventions
have unintended worthwhile "spin-
offs® that were not forseen as
part of the invention process,
Did your invention have any of

the.e?.ooocoooqoooooccpoaocc00109.(0.00:6b.60.€6in.0a}.ocuyss (1)(97-0)

NO (2)
If YES go to 98,

If NO go to 99,

98.4c00s.Please briefly describe the
spinoffs from your invention. ; o (98.0)

99. Do you see a significant interna-
. tiqg‘lwﬂﬂrke: fot your inVQntion?ooooocooooooo'ooocoococooYEs (1) (99'0)

NO (2)
If YES go to 100.

If NO go to 102,

100......Have you entered or tried to
enter the 1nterﬂational market?..........q......-..-.YBs (1) (100-0)

NO (2)
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103,

104,

105,

106.
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PART 6 - INFORHATION TO BE GATHERED FROM SOURCES

~OTHER THAN THE INVENTOR

Dos '00..0.'.....00.'.00.......;.0.00...

Amount

of money received.icssecccccsscene

Year that nondy vas tccoivod.....-....o.-....;.........

(En;or

Status
1-
2~

last 2 digits)

Of revieWwi.oosseeocsrctcocsoctcscssetscsrccscsoncone
analysis 1

analysis 2

decision phase

avard

complete

_Other sssistance

no DOE support

(to3.o)'

(104.0)

(105.0)

(106.0)
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