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Abstract

A systematic two-component approach (front-end component, back-end component) to bridging unconnected

disciplines and accelerating potentially radical discovery and innovation (based wholly or partially on text

mining procedures) is presented. The front-end component has similar objectives to those in the classical

literature-based discovery (LBD) approach, although it is different mechanistically and operationally. The front-

end component will systematically identify technical disciplines (and their associated leading experts) that are

directly or indirectly-related to solving technical problems of high interest. The back-end component is actually

a family of back-end techniques, only one of which shares the strictly literature-based analysis of the classical

LBD approach. The non-LBD back-end techniques (literature-assisted discovery) make use of the human experts

associated with the disparate literatures (disciplines) uncovered in the front-end to generate radical discovery and

innovation.

Specifically, in the literature-assisted discovery operational mode, these disparate discipline experts could be

used as:

1. Recipients of solicitation announcements (BAA, SBIR, MURI, journal Special Issue calls for papers, etc.),

2. Participants in Workshops, Advisory Panels, Review Panels, Roadmaps, and War Games,

3. Points of Contact for Field Science Advisors, Foreign Field Offices, Program Officer site visits, and potential

transitions.
D 2005 Elsevier Inc. All rights reserved.
0040-1625/$ -

doi:10.1016/j.t

B DISCLAIM

Department of

* Tel.: +1 70

E-mail add
see front matter D 2005 Elsevier Inc. All rights reserved.

echfore.2005.09.004

ER: The views in this paper are solely those of the author, and do not necessarily represent the views of the

the Navy, or any of its components.

3 696 4198; fax: +1 703 696 3098.

ress: kostofr@onr.navy.mil.

mailto:kostofr@onr.navy.mil
http://dx.doi.org/10.1016/j.techfore.2005.09.004


R.N. Kostoff / Technological Forecasting & Social Change 73 (2006) 923–936924
Keywords: Discovery; Innovation; Science and technology; Text mining; Literature-based discovery; Literature-assisted discovery;

Radical discovery; Radical innovation; Information retrieval; Unconnected disciplines; Disparate disciplines; Interdisciplinary;

Multidisciplinary; Solicitations; Special issues; Workshops; Roadmaps; Advisory panels; Review panels; War games

1. Definitions

Discovery is ascertaining something previously unknown or unrecognized. Innovation reflects the

metamorphosis from present practice to some new, hopefully bbetterQ practice. It can be based on

existing non-implemented knowledge, discovery of previously unknown information, discovery and

synthesis of publicly available knowledge whose independent segments have never been combined, and/

or invention. In turn, the invention could derive from logical exploitation of a knowledge base, and/or

from spontaneous creativity (e.g., Edisonian discoveries from trial and error) [1].

More generally, radical discovery and radical innovation depend on the source of the inspiration and/

or the magnitude of the impact. The more disparate the source of ideas from the target problem

discipline, the more radical the potential discovery or innovation. The greater the magnitude of change/

impact resulting from the discovery or innovation, the more radical the potential discovery or innovation.

The emphasis of the present paper is on the breadth of the source.
2. Background

Literature-based discovery (LBD) is a systematic two-component approach to bridging unconnected

disciplines (front-end component, back-end component) based on text mining procedures. LBD allows

potentially radical discovery and innovation to be hypothesized. Classically, the LBD front-end

component has been used to identify the pool of potential discovery and innovation candidates, and the

LBD back-end component has been used to hypothesize the potential discovery and innovation based on

literature analysis alone.

The pioneering LBD study was reported in Swanson’s paper hypothesizing treatments for Raynaud’s

Disease [2]. Subsequent LBD studies were performed by Swanson/Swanson and Smalheiser on other

medical problems [e.g., 3–6]. They also developed more formalized analytical techniques for

hypothesizing radical discovery [e.g., 7,8]. Other researchers have used variants of Swanson’s approach

for hypothesizing radical discovery [e.g., 9–12]. Given:

! the length of time since Swanson’s pioneering paper (two decades),

! the massive number of medical and technical problems in need of radical discovery, and

! the relatively few articles published in the literature using existing LBD approaches to generate

radical discovery (especially articles not published by the Swanson/Smalheiser team and not

replicating the initial Raynaud’s results),

it is clear that improvements in the fundamental approach and its dissemination and acceptability are

required.

Additionally, LBD consists of literature analysis only for the entire process. Yet, the front-end of the

process generates the pool of discovery candidates, including all types of documents and their authors,
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especially from disparate disciplines that historically serve as a powerful source of radical discovery.

There appear to be no studies reported in the literature that have made explicit use of the discipline

experts (identified in the front-end of the LBD process) for generating radical discovery and innovation.
3. Introduction

Discovery and innovation are the cornerstones of frontier research. One of the methods for

generating radical discovery and innovation in a target discipline is to use principles and insights

from disciplines very disparate to the target discipline, to solve problems in the target discipline.

Unfortunately, identifying these linkages between the disparate and target disciplines, and making the

subsequent extrapolations have tended to be a very serendipitous process. Until now, there has been

no fully systematic approach to bridging these unconnected target and disparate disciplines. The

present paper describes a systematic approach, or more specifically, variants of a systematic approach

(based wholly or partially on text mining procedures) for making these connections. One of the

virtues of these specific approaches is that most of them can easily be integrated into the operational

processes of science and technology (S&T) sponsoring organizations, or research performing

organizations. However, some of these approaches do have characteristics of ddisruptive
technologiesT, due to the additional effort required to properly integrate large numbers of concepts

representing many disparate disciplines.

There are many examples where acceleration of discovery and/or innovation requires insights and

knowledge from dexternalT (i.e., indirectly-related or disparate) technical disciplines, sometimes very

disparate disciplines. One could envision a solution to dmine detectionT that exploits the remote detection

of markers of nitrogen homeostasis in the presence of clinical disorders. In this case, the dinternalT (i.e.,
core, or directly related) technical discipline is that ordinarily associated with dmine detectionT, while the
dexternalT technical disciplines would be those associated with specific aspects of remote (or possibly in-

situ) detection not normally associated with dmine detectionT. The real challenge is to have a systematic

process that identifies these dexternalT disciplines starting from the dinternalT disciplines (thereby

retaining some indirect thread of connectivity between the dinternalT and dexternalT disciplines), and then

extrapolates the insights and knowledge from these dexternalT disciplines to solve problems in the

dinternalT discipline or technology of interest.

The challenge has become more critical due to increasing specialization and effective isolation of

technical/medical researchers and developers [13]. As research funding and numbers of researchers have

increased substantially over the past few decades, the technical literature has increased substantially as a

result. Researchers/developers struggle to keep pace with their own disciplines, much less to develop

awareness of other disciplines. Thus, we have the paradox that the expansion of research has led to the

balkanization of research! The resulting balkanization serves as a barrier to cross-discipline knowledge

transfers, and retards the progress of discovery and innovation [13].

There are two main text mining avenues for extrapolating knowledge and insights from one

discipline/technology to another: literature-based discovery and literature-assisted discovery. The

literature-based discovery approach uses technical experts to access and examine the literature from

dexternalT disciplines to help solve problems in the dinternalT discipline. The literature-assisted discovery
approach uses technical experts from dexternalT disciplines in a variety of interactive and/or independent

creative modes for the same purpose.
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The main thesis of this paper is that the scientific community has not made adequate use of these

dexternalT discipline sources of knowledge to accelerate potentially radical discovery and innovation.

Further, very substantive quality enhancements to funding agency S&T programs, individual research

projects, journal Special Issues, and multi-disciplinary teams and organizations are possible at relatively

small marginal costs, if we can systematically improve access to the limitless sources of dexternalT
discipline/technology information.
4. Radical discovery and innovation concept

Text mining is the extraction of useful information from large volumes of text [14,15]. The author’s

text mining effort over the past decade has been developing methods to systematically access external

sources of information that could contribute to problem solving for specific technical disciplines,

technologies, systems, operations, or technical problems in general [e.g., 16–25]. These methods have

been integrated to form the following systematic approach for accelerating radical discovery and

innovation.

Fig. 1 contains a schematic of our text mining approach to discovery. The inner circle represents

the core literature of the problem to be solved. In the example for Fig. 1, the problem to be solved

is identifying dimprovedT alternatives to existing water purification technologies, where dimprovedT
could encompass any combination of lower cost, lower energy use, lower maintenance, higher

reliability, lighter weight, and improved modularity for field assembly. Thus, the core literature is

the existing (more or less commonly accepted) water purification literature. The annular region

between the inner and outer circles represents literatures related more indirectly to the core

literature.
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Fig. 1. The discovery process presented in the present paper is divided into two components, a front-end and a back-end.
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5. Front-end

5.1. Step 1

The front-end component (summarized to the left of the figure) contains two major steps:

characterization of the core literature (Step 1), and characterization of the expanded literature, including

identification of technical experts associated with this literature (Step 2). In Step 1, a query to retrieve the

core literature is developed iteratively [e.g., 26,27]. Once the core literature has been retrieved with this

query, it is subject to text mining [14–25]. Bibliometrics provides the technical infrastructure (key

authors/institutions/countries/journals, etc.) of the core literature [e.g., 16–25], and computational

linguistics provides the technical structure (technical thrusts, hierarchical taxonomies) of the core

literature [e.g., 16–25]. Step 1 reflects the scope of many of our mono-technology text mining studies to

date [e.g., 16–25].

The criticality of Step 1 cannot be overemphasized. The core literature represents the starting point for

the expansion processes. The derived expanded literature determines the pool of discovery candidates.

Any gaps in the core literature will be reflected as gaps in the pool of potential discovery candidates.

Therefore, it is imperative that the core literature be as complete and comprehensive as possible for the

discovery application.

References [26,27] above summarize the author’s approach to query generation for core literature

retrieval. Extensive exploitation of co-occurrence phenoma across many attributes is made. For

discovery purposes in particular, techniques that specifically exploit the underlying semantic structure of

the core literature should also be used, in addition to strictly co-occurrence techniques. The author has

made extensive use of factor analysis in understanding the semantic/conceptual structure of retrieved

literatures, and has made less formal use of factor analysis for query refinement of the core literature.

The factor matrix filtering technique [28] was developed to exploit the underlying semantic structure of a

retrieved literature for the purpose of identifying high technical content phrases based on the strength of

their contribution to semantic concepts. This is another approach for selecting new query terms.

More formal techniques that exploit the semantic structure, such as latent semantic indexing [10,29],

should also be examined for core literature definition. Whether these semantic structure exploitation

techniques offer more than properly conducted attribute co-occurrence techniques [e.g., 27] remains to

be demonstrated in practice. A multitude of information retrieval techniques have been examined for

more than a decade at the TREC conferences [http://trec.nist.gov/pubs.html], and the interested reader is

advised to examine the proceedings of these conferences.

5.2. Step 2

5.2.1. Overview

In Step 2, the query developed in Step 1 is generalized and expanded, again iteratively (see the next

section for some practical techniques to generate the expanded query). This expanded query will retrieve

records from literatures more indirectly related to the core literature. Insights and principles from these

disparate literatures/technical disciplines can be extrapolated to solve problems of the core literature.

Thus, in the example on Fig. 1, the core water purification literature query is expanded to cover/retrieve

all of mass separation and disinfection documents. Insights from very disparate mass separation and

disinfection approaches can then be extrapolated to solve problems in water purification.

http://trec.nist.gov/pubs.html
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5.2.2. Details of query expansion

This section provides more detail on query expansion for discovery and innovation. The objective is

to generalize the query terms while maintaining a delicate balance: the generalized terms bear some

relation to the initial core literature retrieval terms while the relation is sufficiently indirect for the two

literatures to be considered disjoint. Also, the expanded query terms are not overly general such that an

unwieldy amount of data is retrieved, or the records retrieved are so distant from those of the core

literature that impacts will be minimal [30].

The approach consists of examining each core literature query term, and testing different levels of

generalizing the term to insure that the above objectives are met. If the records retrieved from the

previous iteration are clustered, then terms for the expanded query should be selected such that each

main theme from the clustering is adequately represented in the query [31]. Each term being considered

for the expanded query should be tested in the source database (e.g., Science Citation Index [SCI]) for

retrieval efficiency of relevant records. In some cases, very general forms of the term should be inserted

in the source database, and the retrieved records analyzed for more specific variants of the overly general

form of the term.

At this point, an example may be illuminating. Consider the topics represented in Fig. 1. The first

precursor discovery objective is to expand the core water purification literature to include a more general

indirectly-related literature containing potential discovery and innovation candidates. Clustering of the

core literature may show very narrow and specific aspects of the assumed two main themes: distillation,

membrane filtering (mass separation), ozonation, chlorination (disinfection). Phrases selected for the

query should be drawn from each of the more generic versions of the main themes, shown italicized in

the previous sentence.

For example, suppose WATER PURIFICATION is one of the query terms for retrieving the core

literature. How could it be generalized for expansion, according to the principles set forth above? One

approach is incremental generalization. WATER is a sub-set of LIQUID. Therefore, WATER

PURIFICATION could be generalized incrementally to LIQUID PURIFICATION. Use of this query

term in the source literature would retrieve documents on purification of liquids in addition to water, and

any novel concepts used to purify liquids other than water could be extrapolated to help solve the water

purification problem.

Before adding this more general term to the query, LIQUID PURIFICATION should be inserted into

the SCI search engine, and the retrieval sampled to insure that a high fraction of records relevant to mass

separation are being retrieved. In turn, LIQUID is a sub-set of FLUID. Therefore, LIQUID

PURIFICATION could be generalized incrementally to FLUID PURIFICATION, and now concepts

from the additional gas purification documents could be extrapolated to water purification improve-

ments. The same following steps above would be repeated. The next generalization might be to MASS

PURIFICATION, and so on.

How broadly should a query term be generalized? The more directly related the expanded literature is to

the core literature, themore obvious will be the connections, but the lower will be the probability for radical

discovery and innovation. The more indirectly related the expanded literature is to the core literature, the

less obvious will be the connections, but the higher will be the probability for radical discovery and

innovation. Thus, if radical discovery and innovation are the goals, the broadest expansion consistent with

available resources and reasonable numbers of links in the relational chain should be utilized.

For the WATER PURIFICATION query term being discussed, a second approach to generalization for

expansion is to filter the core literature records for all phrases containing the word PURIFICATION.
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Then, each reasonable query expansion term candidate based on PURIFICATION can be checked

following the steps above.

A third approach to generalization is to select one of the phrase words that is too generic to use as

a stand-alone query term (e.g., WATER or PURIFICATION) for further examination. Since

purification is the technology of interest, the word PURIFICATION would be inserted into the

SCI search engine, and thousands of records retrieved. Text analyses would be performed on these

retrieved records, and all phrases containing the word PURIFICATION would be extracted, and

examined. Each PURIFICATION phrase variant proposed for the query would follow the same

checks described above. While time consuming, this is the author’s preferred approach for examining

foundational terms for query expansion. In a water purification study, for example, this approach

could be used for the very generic terms of foundational importance to the core separation processes

(e.g., REMOVAL, SEPARATION, PURIFICATION, EXTRACTION, etc.). This approach can provide

quite comprehensive query terms. Because of the time involved for this latter expansion approach, only

the most important generic roots should be examined. All other terms could be examined for expansion

using the first or second methods described. As suggested in the core literature development section,

once the expanded literature has been generated using the approaches of the preceding paragraph,

it could be broadened further using techniques that exploit the underlying semantic structure

[e.g., 10,29].

How large should resultant queries be? For queries whose objective is retrieval of a statistically

representative sample of documents from the source literature to define the core literature, our

marginal utility approach can be used to determine cutoff [22]. Basically, more query terms

provide increased refinement of a fixed scope literature (e.g., the existing water purification

literature). In the reference example [22] (a text mining analysis of the NonLinear Dynamics

literature), a 156 term query was reduced to 100 terms, with essentially no loss in fidelity of

retrieval of the NonLinear Dynamics literature. Other queries used in the past for this objective

ranged from a handful of terms to hundreds of terms, depending strongly on the technology being

examined.

For queries whose objective is retrieval of potential discovery items, most comprehensive retrieval

coverage of an expanding scope literature, consistent with high retrieval precision (mainly relevant

records), is required. The numbers of query terms will be higher than in the first case, and queries up to

many hundreds of terms in length (depending on the specific technologies being studied) are possible,

and in fact have been generated.
6. Back-end

The back-end component contains the discovery step, which itself contains two sub-components. The

first sub-component is identification of potential discovery and innovation candidates from the expanded

literature, and the second sub-component is drawing the linkages between the potential discovery/

innovation candidates and the core literature. As will be shown in this section, there are many ways to

identify potential discovery and innovation candidates, and to draw the subsequent linkages. These

techniques differ mainly by the approach mechanics and the types of people used to identify the

discovery and innovation candidates. The two main discovery and innovation approach types

(Literature-Based, Literature-Assisted) are described now.
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6.1. Literature-based discovery

We can use systematic techniques to identify potential discovery and innovation based strictly on the

dexternalT literature, an approach known as literature-based discovery (LBD) [2,8,9]. LBD is useful in

the planning and concept identification phases of the S&T development cycle. The literature-based

approach can be viewed as a very sophisticated type of literature survey, and represents a somewhat

different way of doing business for most S&T sponsoring agencies, researchers, and technical journals.

Done properly, LBD has the potential of generating at least an order of magnitude more true discovery

than what has been reported in the LBD literature (as we are in the process of demonstrating).

6.2. Literature-assisted discovery

We can identify technical experts associated with the dexternalT indirectly-related disciplines, and then

have them focus their expertise on solving problems of interest from the dinternalT disciplines. This
literature-assisted people-based approach could easily be incorporated into most S&T sponsoring

agencies’ existing operational procedures. However, in some applications, proper handling of the

infusion of large numbers of concepts and insights from disparate disciplines will acquire the

characteristics of ddisruptive technologiesT.
Thus, the differences between paths A and B above are in the dback-endT, in (1) how the linkages

between the dexternalT and dinternalT disciplines are made, and (2) who makes the linkages.

The ultimate goal should be incorporation of both approaches in parallel, to exploit the strengths of

each approach while eliminating the weaknesses. This synergy would provide the comprehensiveness

and objectivity of the completely literature-based approach coupled with the interaction and feedback of

the literature-assisted people-based approach [1].

With respect to the literature-assisted approach, how would the dexternalT discipline experts be

incorporated into different components of the overall research enterprise’s operations, for the purpose of

enhancing and accelerating discovery and innovation? The following literature-assisted options are a

sample of what is possible.

6.2.1. Solicitations—science and technology sponsoring organizations

Government agencies and private foundations generate numerous solicitations for proposals and/or

new ideas for solving problems. In the United States, these include Broad Agency Announcements

(BAAs), Small Business Innovation Research (SBIR) solicitations, and other similar types. For the

Federal agencies, these solicitations are usually advertised in some widely available forum (e.g.,

FedBizOpps) and, in parallel, some announcements of the solicitation are disseminated to technical

experts deemed knowledgeable about the topic. These targeted announcements are extremely important,

since they insure that the recipient will be aware of the solicitation. The numbers of announcements are

usually modest, because of limited prior access to potentially relevant communities.

OPTION 1. The first option is that the dexternalT discipline experts identified through the text mining,

as well as the comprehensive list of dinternalT discipline experts, constitute the bulk of the announcement

distribution list. In this way, their expertise in a directly or indirectly-related discipline could be brought

to bear on solving the sponsor’s problem of interest, with their motivation amplified by the potential for

funding, if successful. These dinternalT and dexternalT discipline experts would also serve as the gateway

to identifying additional technical experts (in their specific disciplines) not associated with the particular
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literatures accessed (e.g., through common professional societies, institution sub-divisions, attendance at

conferences with the experts identified through the strictly literature approach), and thereby adding these

additional technical experts to the problem-solving process. Use of the expanded notification list could

result in an order of magnitude more proposals, and perhaps two orders of magnitude more potentially

radical discovery and innovation proposals.

Potential consequences (dside-effectsT) resulting from this new approach to solicitations include (1)

substantial increases in numbers of proposals (as we have demonstrated successfully), (2) need to

expand diversity of reviewers’ technical disciplines to insure interdisciplinary proposals receive balanced

evaluation [13], and (3) need to facilitate/stimulate discovery process by improved notification

instructions. Consequences (1) and (2) could have modest ddisruptive technologyT characteristics,

especially if very large numbers of proposals from experts in many disparate disciplines are received.

6.2.2. Solicitations—science and technology journals

Many technical specialty journals are structured on centuries-old research archival and dissemination

models. Their scope is dstove-pipedT about quite narrow themes. This parochialism is further

compounded by the increasing influence of Impact Factor as a publication metric target, restricting

the types of articles published to increasingly narrower bands. The publication trend is toward more

narrowly discipline-focused articles that will receive high citations. The trend is away from articles that

encompass very diverse disciplines, may not receive high citations on average due to their inter-

disciplinary nature [13], but could stimulate more radical discovery and innovation.

My recent citation studies of specific technical journals and of specific multi-journal technical

disciplines show graphically the narrow dispersion of highly cited paper types, especially in the

technical specialty journals. This trend needs to be reversed if the technical journals are to assume

their rightful positions as engines of innovation. The following paragraphs offer one approach for

reversing this trend.

Most technical journals produce Special Issues periodically. These Special Issues tend to focus on a

single topic, and usually have recognized experts on the specific topic present their perspectives. The

papers tend to focus on comprehensiveness of coverage about the specific topic, rather then venturing

into very disparate disciplines in a search for discovery.

There are two main avenues by which Special Issue papers are solicited. One is the Guest Editor

(usually a recognized expert in the Special Issue topic) inviting other recognized experts known to him/

her. The second is the Guest Editor/journal placing dcall for papersT ads in prior issues of the journal, or

other closely-related topic-centric journals. In both cases, the result is the same: papers centered closely

about the topic of interest.

However, the Special Issue concept could be expanded to emphasize radical discovery and

innovation. As in the science and technology sponsoring organization example, notification of the

projected Special Issue could be sent to the technical experts identified in the front-end of the text mining

discovery study. These experts would be encouraged to submit papers for the Special Issue that involved

extrapolation of insights and principles from their own technical specialties to solving problems in the

Special Issue topic. In this operational mode, the technical journals would serve proactively as the

engines for radical discovery and innovation.

OPTION 2. The second option is that the dexternalT discipline experts identified through the text

mining, as well as the comprehensive list of dinternalT discipline experts, constitute the bulk of the

journal Special Issue announcement distribution list. In this way, their expertise in a directly or
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indirectly-related discipline could be brought to bear on solving the Special Issue’s particular problem of

interest, with their motivation amplified by the potential for journal publication, if successful.

The potential consequences from this new mode of Special Issue operation mirror those of the first

option: more papers than normal, greater topical diversity in papers, and need to facilitate discovery and

innovation. It is strongly recommended that the Special Issue be expanded in size from the normal

journal practice, to accommodate the expected increase in number of submittals. Sponsorship of such

Special Issues by the science and technology funding organizations seems appropriate. Modest honoraria

could also be provided to authors as further motivation for participation.

6.2.3. Advisory panels

Government agencies and private organizations convene numerous advisory panels or groups of

independent advisors for the purpose of providing expert technical advice on problems of present and

future interest. Unfortunately, many of these advisory groups are somewhat parochial, both in terms of

technical scope and people, thereby limiting the breadth of their recommendations.

OPTION 3. The third option is that the dexternalT (and dinternalT) discipline experts identified through

the text mining constitute a significant portion of the members of these groups.

6.2.4. Workshops

Government agencies and private organizations conduct numerous workshops for the purpose

of generating new project ideas and directions. Many of these workshop participants are

somewhat parochial, both in terms of technical scope and people. Additionally, venture capital

organizations, and other components of Wall Street, have great needs for workshops that could

provide insight on the potential of emerging technologies. It would be useful for these organizations

to know whether the core technology of interest is amenable to improvement, and whether some of

the indirectly-related technologies can offer potential solutions across many different core

technologies.

OPTION 4. The fourth option is that the dexternalT (and dinternalT) discipline experts identified

through the text mining constitute a significant portion of the participants at these workshops [1]. If the

workshops are conducted in tandem with the solicitation processes above, then the results from the

solicitations could be used to narrow the pool of candidates for these workshops. The workshop

attendees could be drawn from the solicitation announcement recipient group that submitted proposals to

the sponsoring organization solicitations, or the solicitation announcement recipient group that submitted

papers to the technical journal solicitations. At a minimum, the members of these groups had sufficient

insight to perceive how concepts from their areas of expertise could be extrapolated to solve problems of

interest in the core technology.

6.2.5. Review panels

Government agencies and private organizations conduct numerous review panels during the execution

of their S&T programs. Some agencies use such panels to help evaluate proposals and provide

recommendations. Many of these review/evaluation panels are somewhat parochial, both in terms of

technical scope and people. This limits discussion of the breadth of approaches that could be used to

achieve the program objectives.

OPTION 5. The fifth option is that a portion of the reviewers be drawn from the dexternalT (and
dinternalT) discipline experts identified through the text mining.
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6.2.6. Roadmaps

Some government agency and private organization programs generate technology roadmaps (see Ref.

[32] for a description of technology roadmaps) as part of their planning processes, and/or as part of their

review processes. Many of these roadmap development teams have limited perspectives, both in terms of

technical scope and people. The breadth of these roadmaps is limited by the breadth of their developers.

OPTION 6. The sixth option is that a sub-set of the dexternalT (and dinternalT) discipline experts

identified through the text mining constitute a significant portion of the roadmap development team. As

in the workshop option, the solicitation step could be used to filter the candidate pool for prospective

roadmap development team members.

6.2.7. Points of contact

Many government agency components require points of contact (POCs) for obtaining information to

solve problems. These include the Field Science Advisors for military organizations, Foreign Field

Offices of government agencies, Program Officers for site visits, and Program Officers to identify

potential transitions. In practice, many of these POCs accessed derive from limited personal knowledge,

both in terms of technical scope and people. The breadth of the information obtained from the POCs is

limited by their breadth of expertise.

OPTION 7. The seventh option is that the dexternalT (and dinternalT) discipline experts identified

through the text mining constitute a very significant portion of the POCs accessed in practice. Again, as

in the workshop option, the solicitation step could be used to filter the candidate pool for prospective

POCs.

6.2.8. Organization and team structuring

Technical teams and organizations can be structured to maximize the potential for radical discovery

and innovation, based on the principles presented in the paragraphs above. Multi-disciplinary groups/

structures such as Integrated Product Teams (IPTs), Multi-Disciplinary Research Programs of the URI

(MURIs), and Cooperative Research and Development Agreements (CRADAs) could be assembled

based on the technical disciplines and technical experts identified at the front-end of the discovery

process above. Organizations such as Centers of Excellence with a defined core competency, and large

laboratories with multiple core competencies, could be structured to incorporate the technical disciplines

surrounding their core identified at the front-end of the discovery process.

OPTION 8. The eighth option is that the dexternalT (and dinternalT) disciplines identified through the

text mining constitute a significant portion of the teams and organizations. Where possible, the

solicitation step could be used to filter the candidate pool for prospective team and organization

members.

6.2.9. War games

War games model and/or simulate different pre-combat, combat, and post-combat scenarios. Each

Title 10 war game, in addition to major and minor players, the assessors, and the game controlling

authority, also has various supporting cells to provide expertise and insight in key areas. For example,

the Science and Technology Cell’s primary function at the Global 98 game was to provide future

projections of technology that could be available to the game players, and to suggest applications

resulting from ongoing R&D. The effectiveness of the advice from such S&T cells depends on the

breadth of technical understanding of the cells’ members. Additionally, the value of the war games
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depends in part on the technology capabilities designed into the games and the post-games evaluation of

the role that technology played in impacting tactics and strategy.

OPTION 9. The ninth option is that the dexternalT (and dinternalT) disciplines identified through the

text mining constitute a portion of the supporting S&T cells’ memberships, the membership of the

games’ technology designers, and the membership of the post-games’ technology evaluators.
7. Summary and conclusions

I have proposed the identification and exploitation of diverse literatures, and their representative

experts, to help solve problems of interest through potentially radical discovery and innovation. The

approach is based on our demonstrated text mining techniques. The essential element is development of

comprehensive and precise queries for retrieving the expanded literature of potential discovery

candidates, followed by exploitation of these retrieved literatures and their associated technical expert

representatives.

I have identified a number of pathways by which these literatures and people could be integrated with

present business practices, or could be integrated with slight modifications if desired. This group of

dexternalT literature accession techniques has the highest benefit/cost ratio of any techniques I know for

enhancing and accelerating radical discovery and innovation.

Additionally, the bstructural holesQ research of Professor Burt [33], which identifies dstructural holesT
as the weakly-linked or non-linked region between different technical disciplines, has shown that most

innovations studied have been the result of drawing on insights from unconnected, sometimes very

disparate, disciplines/technologies. These findings support the thesis that is the basis for my proposal

above. Translated into practice, the following important guidelines can be drawn.

1. If we are interested in meeting short-term deadlines efficiently with specific well-defined technology

products, then homogeneous well-coordinated and long-standing groups are most useful.

2. If we are interested in radical discovery and innovation, including innovation in the advanced

technology demonstration of system integration sense, then we need to incorporate people we don’t

know representing disciplines with which we are not familiar. It is difficult to get dout-of-the-boxT
thinking from people who have spent their careers din-the-boxT!

The generic literature-based and literature-assisted discovery approaches provide a systematic and

objective guide to selecting the most appropriate disciplines and people for accelerating potentially

radical discovery and innovation.
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