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Preface

Monitoring and harnessing the power of global technological innovation are necessary tasks for any nation that
seeks to promote the well-being and safety of its citizens. Globally interconnected business, financial, social, and
political networks connect more people than ever before to the positive and negative disruptive impacts of novel
uses of technology. The increased spread of knowledge and opportunity throughout the world has been accompanied
by an increase in technological innovation, particularly from smaller organizations and nontraditional sectors. The
purpose of a forecasting system for disruptive technologies is to minimize surprise related to disruptive innovation
and to prepare decision makers for the future. To assess current forecasting methods and aid in the development
of a next-generation forecasting system, the Defense Warning Office of the Defense Intelligence Agency and the
Director of Defense Research and Engineering requested that the National Research Council (NRC) establish the
Committee on Forecasting Future Disruptive Technologies.

This is the second of the two reports requested by the sponsoring organizations. In its first report (National
Research Council, Persistent Forecasting of Disruptive Technologies, The National Academies Press, Washington,
D.C., 2010), the committee defines “disruptive technology,” analyzes existing forecasting strategies and methods,
and discusses in detail the characteristics of a long-term persistent forecasting system. In this report, the committee
attempts to create a model for a buildable forecasting system incorporating many of the methods and characteristics
outlined in the first report.

As chair, I wish to express appreciation to the members of this committee for their earnest contributions to
the generation of this report. The members are grateful for the interest and assistance of many members of the
technology and forecasting community, as well as to the sponsors for their support. The committee would also
like to express sincere appreciation for the support and assistance of NRC staff members Michael Clarke, Daniel
Talmage, Kamara Brown, Sarah Capote, and Shannon Thomas; Christine Mirzayan Science and Technology Policy
Fellow Sarah Lovell; and technical writer Linda Voss.

Gilman G. Louie, Chair
Committee on Forecasting Future Disruptive Technologies

Vil
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Glossary

1.0 system A minimal working system with basic core functions that is used by its target users as a production
system. A 1.0 system is different from a prototype, which typically is a testbed used to validate an approach with
a small number of users and has a subset of the required core functions. The label “1.0” is typically given to the
first fully working product that is released to its target users.

accountable prediction A forecast with a specified end date and a testable, wagerable proposition. !

backcasting Exploring a projected future scenario for potential paths that could lead from the present to the fore-
cast future. This can include the identification of signposts and signals that indicate the accuracy of a prediction.

back testing Evaluating an event that has already occurred to validate a forecasting methodology.

closed ignorance Information is available, but stakeholders are unwilling or unable to consider that some out-
comes are unknown.

cloud computing A software model that uses remote servers to provide real-time delivery of services to custom-
ers by the Internet.

community of interest A group or collection of people trying to solve a common problem or having a shared
concern.

crowdsourcing The act of outsourcing to the public or a selected subset of the public a function previously
performed by employees.

data hygiene Principles and practices for removing errors and repetition from data in a database.

Definition adapted from http://lewisshepherd.wordpress.com/2008/05/25/is-it-even-possible-to-connect-the-dots./. Last accessed January
28, 2010.

Xii
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GLOSSSARY Xiil

data mining/data harvesting An automated process of extracting patterns from data.

Delphi method A structured approach to eliciting forecasts from groups of experts, with an emphasis on produc-
ing an informed consensus view of the most probable future.

disruptive technology Innovative technology that triggers sudden and unexpected effects. The term was first
coined by Bower and Christensen in 19952 to refer to a type of technology that brings about a sudden change to
established technologies and markets. Because these technologies are characteristically hard to predict and occur

infrequently, they are difficult to identify or foresee.

distribution analysis A statistical method of analysis that can be used to describe the relationship between items
in a data set, or to predict the probability of future occurrence of a data point.

enabler Technology that makes possible one or more technologies, processes, or applications.

exceptions analysis A method of analysis that uses algorithms to determine when a data point goes beyond a
“normal” threshold.

expert sourcing Working with a specialized group of experts to solve a problem.

extrapolation The use of techniques such as trend analyses and learning curves to generate forecasts.
gear down Using archaic technologies to solve current problems.

gear up Applying scientific advances to create advanced technology to solve problems.

innovation The creation of a new device or process as a result of study and/or experimentation.

long bet See accountable prediction.

mash, mashup A Web page or application that combines data or functionality from two or more external sources
to create a new service.’

measurement of interest A key characteristic or indicator that can be monitored to anticipate the development
of disruptive technologies and applications. A measurement of interest could have a threshold (e.g., energy stored
per unit of mass, price per gallon of gasoline) that, once crossed, triggers other significant occurrences. Such a
threshold on a measurement of interest could provide a signal or signpost.

mining See data mining.

narrative A story or an account of events or experiences, either true or fictitious. In a forecast, a narrative can
provide a context within which a specific prediction takes on broader significance.

persistent forecast A forecast that is continually improved as new methodologies, techniques, or data become
available.

2Joseph L. Bower and Clayton M. Christensen. 1995. Disruptive technologies: Catching the wave. Harvard Business Review.
January-February.
3From http://en.wikipedia.org/wiki/Mashup_(web_application_hybrid). Last accessed November 17, 2009.
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Xty GLOSSARY

prediction market A market created for the purpose of making predictions on future events (e.g., presidential
elections).

roadmapping A time-honored technique for forecasting technological advances. It is most useful for forecasting
raw technical capabilities, not for forecasting the applications enabled by technologies.

scenario See also vision. An imagined or projected sequence of events. Scenarios can be used as tools for under-
standing the complex interaction of forces that influence future events.

signal A piece of data, a sign, or an event that is relevant to the identification of a potentially disruptive technol-
ogy: for example, Apple, Inc., placing a large order for new touch capacitance screens from a Chinese supplier.

signpost A recognizable and actionable potential future event that could indicate an upcoming disruption. “Rec-
ognizable” means that reasonable people would agree on whether the event has happened. “Actionable” means

that the event is sufficiently important to require an organizational decision and response.

technology forecasting system Technologies, people, and processes assembled to minimize surprise triggered
by emerging or disruptive technologies, in order to support decision making.

tipping point The time at which the momentum for change becomes unstoppable.

trend extrapolation A forecasting method in which data sets are analyzed to identify trends that can provide
predictive capability.

viral Pertaining to the rapid spread or distribution of an idea from one to many.
vision A forecast of a potential future state of reality described in a vague way: for example, passenger vehicles
powered primarily by energy sources other than the gasoline-powered internal combustion engine. See also

scenario.

Web crawling or spidering A process in which a computer program methodically searches the Internet for
specific types of data.

Web scraping A computer software technique of extracting information from Web sites.*

wiki A community-accessible Web site with a user-friendly graphic user interface that can be used for collabora-
tive work on documents.

“For more information, see http://www.extractingdata.com/web%20scraping.htm. Last accessed January 28, 2010.

Copyright © National Academy of Sciences. All rights reserved.
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Summary

Formalized technology forecasting dates back to the years immediately following World War II when the
RAND Corporation developed the Delphi method, a structured process for eliciting collective expert opinions
about technology trends and their impact (Dalkey, 1967). Gaming and scenario planning also emerged as important
technology forecasting methods in the 1950s and experienced a dramatic increase in popularity during the 1970s.
All of these methods as well as other quantitatively oriented methods such as extrapolation and trend analysis are
in use today. All forecasting methods depend to some degree on the inspection of historical data. However, an
exclusive reliance on historical data inevitably leads to an overemphasis on evolutionary views of innovation and
leaves the user vulnerable to surprise from rapid or nonlinear developments.

Technology forecasts are widely used by governments, corporations, financial institutions, and the invest-
ment community. A useful forecast provides insights on potential future outcomes that lead to effective action in
the present. A forecast of disruptive technologies is designed to reduce surprise by alerting decision makers and
providing them with the tools needed to avoid unanticipated and perhaps catastrophic outcomes. It should supply
decision makers with a range of possible alternative futures to assist them in allocating resources and making
informed decisions.

One way that a forecast can support decision making is by providing a technological roadmap that can be used
for tracking and planning and that alerts users to significant changes in the likelihood of a predicted scenario. A
useful forecast must provide insight into the possible, not just the probable. Likewise, forecasts should be evalu-
ated on their ability to capture high-impact, disruptive outcomes rather than on the ratio of correct-to-incorrect
predictions that they make.

This committee’s first report studied the value of using forecasting methods that solicit input from the general
public (NRC, 2010). The goal of soliciting public participation, or crowdsourcing, in a forecasting system is to cast
a wide net that gathers a multitude of forecasts, signals, and opinions. This is especially important as technology
innovation becomes more diverse and geographically diffuse in its approaches and as regional variations of tech-
nology applications flourish. Collaboration technologies, especially those that leverage the power of the Internet,
can be used to discover expertise in unexpected places.

Experts are typically better than novices are at judging the importance of new signals in an existing forecasting
system (Enis, 1995). In the technology forecasting platforms examined in the committee’s first report (X2, Tech-
Cast, and Deltascan), it was found that experts generally create high-signal and low-noise forecasts. However, other
research (Onkal et al., 2003) suggests that experts are not necessarily better than the public at making forecasts.

Copyright © National Academy of Sciences. All rights reserved.
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Experts may not catch the full range of alternative solutions from fields outside their areas of expertise or from the
reapplication of technologies developed to solve a different problem. Paradoxically, the specificity of knowledge
required to achieve expert status can invalidate forecasts generated by experts alone (Johnston, 2003).

DISTRUPTIVE TECHNOLOGIES

The term “disruptive technology” describes a technology that results in a sudden change affecting already-
established technologies or markets (Bower and Christensen, 1995). Disruptive technologies can be defined beyond
Christensen’s market-based conception as technologies and applications of technologies that can significantly
influence the balance of global power. Disruptive technologies cause one or more discontinuities in the normal
evolutionary life cycle of technology. This may lead to an unexpected destabilization of an older technology order
and an opportunity for new competitors to displace incumbents. Frequently cited examples include digital photog-
raphy and desktop publishing, as well as older innovations such as the automobile and the telephone.

Other disruptions can be caused by “reverse innovations” that can bring well-established technologies to mar-
kets and societies that previously did not have access to these technologies or could not afford them (Govindarajan,
2009). These innovations could be the result of breakthroughs in pricing, accessibility, distribution, business
models, manufacturing, research and development (R&D), resource use, or ease of use. Many of these innova-
tions are built around what has been labeled the Gandhian engineering concept of more (social value) from less
(low technology, resources use, and cost) for more (dissemination) (Giridharadas, 2008). For disruption to take
place, many of these innovations rely not just on low cost and affordability, but also on distribution to developing
countries. Emerging markets can be sources of disruptive innovations (Bhan, 2010). Tata’s Nano, the One Laptop
Per Child computer, and India’s AirTel are notable examples.

Disruptive technologies can impact society both positively and negatively. The nature of such impacts is
greatly dependent on an individual’s point of view—a disruption that is harmful to some will benefit others. Given
the ability of disruptive technologies to dramatically alter a competitive environment, displace incumbents, and
impact society, there is a great need for technology forecasts (1) to help identify potentially disruptive technolo-
gies and (2) to contribute to the understanding of their potential disruptive effects. These two forecasting outputs
are fundamental to producing a useful forecast.

This report is the second of two reports produced under the auspices of the National Research Council’s
(NRC’s) Committee on Forecasting Future Disruptive Technologies, sponsored by the Office of the Director of
Defense Research and Engineering (DDR&E) and the Defense Warning Office (DWO) of the Defense Intelligence
Agency (DIA). This committee was established at the request of the sponsoring organizations to provide guid-
ance on how to conduct long-term forecasting of disruptive technologies. The statement of task for the study is
provided in Box S-1.

In its first report, Persistent Forecasting of Disruptive Technologies, the committee discussed how technology
forecasts were historically made, assessed various existing forecasting systems, and identified desirable attributes
of a next-generation persistent long-term forecasting system for disruptive technologies (NRC, 2010). In this,
the second report, the committee was asked to attempt to sketch out high-level forecasting system designs that
could satisfy the key design criteria of the forecasting system concept developed in the first report. The sponsor
also sought further evaluation of the system attributes defined in the first report, and evidence of the feasibility
of creating a system with those attributes. Together, the reports are intended to help the Department of Defense
(DoD) and the intelligence community (IC) identify and develop a forecasting system that will assist in detecting
and tracking global technology trends, producing persistent long-term forecasts of disruptive technologies, and
characterizing their potential impact on future U.S. warfighting and homeland defense capabilities.

The committee identified three broadly defined goals for addressing its statement of task: to develop further
the structural framework for how to approach the problem of developing a long-term persistent forecast of disrup-
tive technologies, to create alternative models of what such a system might look like, and to define actionable
steps toward development. To meet these goals, the committee held a one-day workshop with invited experts from
related fields (see Appendix C for a list of participants), followed by a one-day closed meeting to analyze the

Copyright © National Academy of Sciences. All rights reserved.
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SUMMARY

BOX S-1
Statement of Task

The committee shall conduct a workshop to provide expert insight in designing a persistent forecasting
system.” The committee will invite expert forecasters and users of forecasting systems, including:

e Experts from a variety of industries (i.e., technology, energy, finance)
* Regional experts with knowledge of Asia, Europe, the Middle East, and the Americas
* Representatives of the United States Government and foreign governments

The workshop will focus on the development of one or more conceptual high-level diagrams of a
process that could be used to produce persistent forecasts of disruptive technologies. The final report will
include transcripts of the workshop and copies of visualizations created during the workshop. The commit-
tee will comment on the insights gained from past committee meetings and the workshop and recommend

options for future courses of action in the development of a persistent technology forecasting system.

* “Technology forecasting system” was defined in report 1 (NRC, 2010, p. xvi) as follows: “Technologies, people, and processes

assembled to minimize surprise triggered by emerging or disruptive technologies, in order to support decision making.”

input from the workshop and previous committee meetings. This report reflects the information received during
both phases of the study.
To gain practical information, the committee defined the following objectives for the workshop:

Develop one or more high-level designs of potential approaches to a prototype version! of the system.
Gain insights on how to approach the development of the system.

Estimate a gross level of effort to launch such a system.

Document the key insights from the sessions and workshop that could provide guidance for the develop-
ment of the system.

In the first part of the workshop, several key observations made by presenters and participants helped frame
the need for and challenges of a persistent disruptive forecasting system:

War in the future may be very different from war as it is waged today. It may not involve the use of
deadly force, or in the words of Committee Chair Gilman G. Louie, “things that go boom!”

New applications of technologies are hard to predict, and the pace at which new applications are being
developed and adopted globally is ever faster.

The United States is not the sole creator, keeper, and distributor of high-quality technologies that have
disruptive impact.

The world is “lumpy”: technologies impact different people and cultures differently. In different coun-
tries, different technology clusters have different priorities.

In many cases, it is more important to understand the impact of a technology than to understand the
technology itself.

IThe committee believed that it would be better to pursue a basic functioning 1.0 system than a prototype. (A 1.0 system is a minimal work-
ing system with basic core functions that is used by its target users as a production system. Prototypes are typically testbeds that are used to
validate an approach with a small number of users and that have a subset of the required core functions.)

Copyright © National Academy of Sciences. All rights reserved.
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6. Many disruptive technologies are the result of new applications, or combinations of developed and well-
understood technologies.
7. It is not just about high-tech. Low-tech innovations can have an even greater disruptive effect than
advanced ones do, especially in developing countries.
8. A disruptive forecast cannot rely solely on expert advice. It is necessary to ask those who are most likely
to be directly affected by future disruptive changes.
9. Technology lists produced by forecasts have limited value. Secondary effects also need to be
explored.
10. Technology forecasts typically provide a snapshot of current thinking and are quickly obviated by new
data and events.
11. To be of optimum value, a disruptive technology forecasting system must serve needs beyond those of
the DoD and must be useful to other entities, including other countries.

Based on these observations and its prior work, and given the speed and quantity of today’s data flows, the
committee became convinced that a system for forecasting low-probability, high-impact innovations must have a
specific set of characteristics that differentiate it from most past forecasting methodologies: it must be persistent,
open, and failure-tolerant and must operate in multilingual domains.? Instead of making discrete predictions, it
should include roadmaps that track the development of events as they occur.

Persistence

To detect emerging trends, a successful disruptive technology forecasting system must continuously update
and improve forecasts as new data become available. In this persistent system, the historical development of a
forecast can be tracked and analyzed, creating valuable insights that can be used to improve later forecasts. This
type of dynamic and responsive platform is attractive to many communities of users, giving it a more robust base
of data and increasing its overall utility.

The outcomes of a persistent system differ from those of many traditional methods of forecasting in the fol-
lowing ways:

e The forecasts of the persistent system are current and based on the best knowledge available as they
advance.

e The system’s data archives can be used as a repository for other forecasts. Currently, there is no single
place within the DoD, much less the U.S. government, where technology forecasts from multiple agencies
can be seen and referenced.

e A persistent data-gathering platform can be incorporated into multiple programs and applications.

e Rather than having a forecasting cycle, a persistent system allows forecasts to be generated or updated
continuously as new signals appear.

e As new technologies, communities, or applications evolve, they can be integrated into the system and
applied to existing work.

e As the historic base of data grows, this archive becomes a valuable resource with which to test and refine
new forecasting tools and methods using backcasting.

Openness and Crowdsourcing

Internet technology spreads knowledge virally, distributing it worldwide to people of all ages and cultural
backgrounds. Technological change can come from unconventional and nontraditional sectors. Attendees at the
workshop and the committee believe that input from a broad range of participants is key to tapping into far-flung

2For the Department of Defense version of the forecasting system, the DoD might consider leveraging the DNI [Director of National Intel-
ligence] Open Source Center capability in the Science and Technology and Translation Production environment.
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signals indicating technology change. Crowdsourcing is “the act of a company or institution taking a function once
performed by employees and outsourcing it to an undefined (and generally large) network of people in the form of
an open call” (Whitford, 2008). The definition was initially discussed by Howe (2006). A crowdsourced forecasting
system harnesses the creative ability and diversity of different global populations to develop the widest possible
range of scenarios and potential future narratives. Ideas can be drawn directly from the crowd using established
Web-based models such as participatory special-interest-community Web sites, predictive market tools, and interac-
tive gaming. Crowdsourcing can also be used indirectly: sophisticated Web-based search algorithms can extract data
of interest from such sources as blogs, professional association Web sites, competitions, or published literature.

Classical approaches and sources for forecasting, such as brainstorming by experts, market surveys, searches
of published papers, and classic data collection can be combined with data obtained through crowdsourcing to
create a richer base of knowledge. This could significantly improve the chances of discovering disruptive indica-
tors before the disruptive technology emerges. Although forecasts that involve classified, proprietary, or private
data cannot be crowdsourced and made public, the analysis of sensitive data can be run parallel to the process that
uses crowdsourced data.

Creativity and Tolerance for Failure

The unexpected application of existing and well-understood technologies can, in many cases, cause the
greatest surprise and disruption. Often, surprise is not caused by a single new technology but by the application
of a new technology in conjunction with an existing technology, or by a novel application of an old technology.
Uncovering the connections between new technologies, old technologies, and current human needs requires a
willingness to explore “crazy” ideas. Creative minds are needed to tease out useful information and find patterns
among disparate sets of data. In a persistent system, the meaning of these patterns can be reinterpreted, in the
light of earlier work, as new signals emerge. During this process, scenarios that initially seemed highly unlikely
might emerge as relevant.

A forecasting system for disruptive technologies must tolerate failed forecasts. By nature, a disruptive technol-
ogy will be difficult to predict, and so most predictions will not be realized. Rather than predicting the occurrence
of a specific innovation, a good forecast predicts the problems that will be solved with technology and the effects
of different possible solutions. Given the multitude of possible technological solutions to a single problem, predict-
ing effects is an effective way to limit surprise and to measure the success of a forecast.

Risk Management

The integrity of a forecasting system should be protected through multiple stages of development and opera-
tion. Specific areas of risk that should be addressed include technology and engineering risk, data risk, security
vulnerabilities risks, leadership and personnel risk, disruptive idea risk, user risk, financial risk, and stakeholder
risk. Each of these risks should be considered and mitigated during the design and implementation of a persistent
forecasting system, as discussed in Chapter 1.

Predictions Versus Roadmaps

A list of emerging technologies provides little basis for prioritizing their disruptive potential impact or allocat-
ing resources to the most threatening scenarios, especially if those scenarios are seen as low-probability outcomes.
A set of potential future roadmaps provides the necessary insight to enable better preparation for the unexpected. A
useful forecast will lay out several roadmaps of potential futures, with indicators and parameters that can be used
to follow the progression of events and evaluate the likelihood of each scenario’s coming true. It should include
the cultural, social, and environmental signals and signposts that might indicate a disruptive scenario.
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MODEL DESIGN OPTIONS DEVELOPED AT THE WORKSHOP

The workshop began with a group discussion of system goals and design features, followed by a moderated
system design exercise. The workshop participants were divided into three small subgroups to facilitate participa-
tion by all group members. Each subgroup developed an option for system design, and a fourth option was submitted
by workshop attendee Stan Vonog. The four options were labeled by the committee as follows:

1. Intelligence Cycle Option
2. Roadmapping Option

3. Crowdsourced Option

4. Storytelling Option

Intelligence Cycle Option

The name Intelligence Cycle Option was given to the system design that uses an approach similar to the clas-
sic approach used by the intelligence community: hypothesize, task, collect, and analyze. This system design is
organized around four functions:

1. The input of a “big question,”

2. Signal identification and hypothesis generation,
3. Hypothesis evaluation and testing, and

4. The authoring of potential future narratives.

The initial system input is a “high-level question” framed by the stakeholder, which is then used to initiate
creative hypothesis generation fed by passive data collection (from movies, media, and online databases, for
example) and active data-gathering (e.g., crowdsourcing, games). The hypotheses undergo evaluation by experts
or outside participants in the science and technology, financial, and sociopolitical arenas or through data analysis
or mechanisms such as games (by which scenarios can be tested) or focus groups. The output from these processes
is shaped into a complete narrative of possible events and presented to stakeholders. It can then be used as input
for further hypothesis development and analysis.

Roadmapping Option

The Roadmapping Option for system design focuses on developing roadmaps of predicted events proceeding
from the present to predicted future scenarios. The roadmaps are based on collected data, including observations of
communities of interest. The key to this model is the generation of signposts that can be monitored as the roadmap
progresses. The major elements of the system are as follows:

1. Idea generation;
2. Techniques for mapping, processing, and evaluating inputs; and
3. Communication to decision makers.

This design starts with the selection of existing communities that are in the process of experimenting to solve
problems. The subgroup decided that for the 1.0 version, a limited number of communities of interest should be
monitored in order to gain an understanding of their activities. These communities of interest should have consid-
erable activity and resources—both human and capital—behind them.

Ideas collected from these communities plus other traditional data-gathering techniques are employed to
develop future scenarios to be explored. Knowledge-discovery tools such as data mining, classifiers, and data-
visualization tools can be used to assist forecasters in monitoring various communities of interest. The ideas
generated by these communities then need to be filtered and spun into narratives. The predictions or hypotheses
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generated from the narratives are correlated with current events, mapped to current trends and models, and explored
by different communities to test their validity. Refined hypotheses or narratives are analyzed to determine the
impacts of and paths to their realization. Experts backcast by predicting, based on a forecasted future event, a
roadmap of how that event might occur, including the signposts and signals that would indicate progress. The
forecasting system then searches for the identified signposts and signals. As data accumulate and correspond to
the narratives, some will emerge as more relevant than others. Ultimately, the signals, signs, and scenarios and
their impacts are reported to decision makers.

Crowdsourced Option

The Crowdsourced Option forecasting system is organized by input, analytical approaches, and outputs, with
a focus on creating clear, actionable outputs in the form of reports. Its name reflects its use of open participation
from the “crowd” (either the general public or targeted populations) to gather forecasting inputs. These inputs are
analyzed in multiple ways, employing a combination of crowdsourcing techniques and expert analysis. The final
analysis is done by an expert forecasting committee or their delegates. If this endeavor were conceptualized as a
business, the expert forecasting committee would be the founding board. That committee, or its delegates, would
respond to a specific query from a stakeholder or a sponsor. It would then be the responsibility of the expert fore-
casting committee to produce regular, systematic reports. Reports can also be made on interesting signals, events,
or technologies that are independent of a customer query.

The public face of this crowdsourced option would be “Disruptipedia,” an online portal where data, informa-
tion, live questions and responses, signals, signposts, forecasts, scenarios, and narratives would be displayed. To
attract contributions from smart, observant, knowledgeable people, incentives could include real or virtual currency
or the attention of influential people. The input could have an alternate use that would be beneficial to creative
people—as a source for movie script ideas, for example. Such an arrangement could therefore be mutually benefi-
cial to the forecasting committee members and the participants. Disruptipedia would serve as a living repository
for the gathered information, so that consistent data, information, and language could be accessed through the
decades as the system grew.

Storytelling Option

One final option, suggested by an individual workshop attendee, was inspired by attendee comments that
forecasts should be contextualized by forming associated narratives of possible future events. The system is
derived from a functional organization chart released by Walt Disney Studios in 1943 and is based on the story-
board process—bringing a story idea through production to the screen. The model focuses on the development of
narratives from broad themes or “big questions.” Using this question as a central theme, a small set of potential
scenarios is created that identify possible contexts for exploration. Data relevant to those potential scenarios are
then collected using both human- and machine-based methods. Next, the data undergo critical analysis by teams
of scientific, technical, and political and economic experts who identify trends and form viable hypotheses, all of
which are reported back to a story director. These hypotheses are applied to the initial scenarios to create output
in the form of complete narratives that can be used in reports, demonstrations, and entertainment media. Notably,
the Disney model incorporates no hierarchy that breaks operating divisions into separate “silos.” The chart lacks
chain of command and authority. Instead, all staff positions serve to support a common work flow.

KEY OBSERVATIONS AND RECOMMENDATIONS

After the workshop, the committee met and discussed the data collected at previous meetings and the output
from the workshop exercises. After considering the sum of collected ideas from these activities, the commit-
tee made the following key observations and recommendations for future courses of action in the development
of a persistent technology forecasting system. Additional observations and recommendations are offered in
Chapters 1 through 3.
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Flexibility and Leadership

The model-building exercise performed at the Forecasting Future Disruptive Technologies Workshop con-
vinced the committee that there are multiple viable approaches to building a persistent forecasting system. Given
the multitude of design options available, the committee believes that building a minimal but functioning system
(hereafter referred to as a 1.0 system) to test and develop would be a more productive next step than to spend exces-
sive resources on planning a complete system structure at the outset. A 1.0 system should embody six important
functions: (1) needs definition, (2) collecting alternative futures, (3) developing alternative futures, (4) roadmap-
ping, (5) engagement, (6) and feedback. Each option produced at the workshop contained at least one particularly
well-thought-out element that merits special consideration.

Key Observation. The Department of Defense needs one or more effective forecasting systems of disruptive
technologies to reduce surprise created by future disruptive technologies.

Key Observation. There is more than one way to build a forecasting system; each model has different strengths
and weaknesses.

Key Recommendation. The 1.0 version of a forecasting system should employ the extensive passive and active
data-gathering techniques employed in the Intelligence Cycle Option, using the data to develop roadmaps of
potential futures with signals and signposts derived from data inputs (as seen in the Roadmapping Option). The
end product of the system should include constant output and objective-driven output as described in the Crowd-
sourced Option. (Recommendation 2-1)

Key Observation. The illustrative models developed at the workshop indicate that the design and building of
a 1.0 version persistent forecasting system for disruptive technologies are possible using existing technologies
and forecasting methods and can be achieved within a reasonable time frame using a modest level of human and
financial resources.

Key Observation. A disruptive technology forecasting system focuses on technological wildcards: innovations
that have a low or unknown probability of development but, if developed, would have enormous impact.

Key Recommendation. A persistent disruptive forecasting system should be built to help the intelligence com-
munity reduce the risk of being blindsided by disruptive technologies. (Recommendation 3-9)

Narrative Focus

Another major concept reinforced by the workshop is the importance of a focus on developing narratives of the
human use and impact of technology instead of a focus on specific technologies. It is the context of solving human
needs that drives technology use. The forecasting system should therefore start by identifying big problems and
opportunities and using them to generate alternative scenarios and hypotheses from which relevant technologies can
be derived. There are often multiple solution paths to solve a single problem, but the immediate and second-order
effects of the different solutions might be very similar. Scenarios will also vary by region, as they will have distinct
impacts and solutions in different locales. To improve the robustness of the scenarios, it is important that there be
regional representation in the creation of these scenarios and the development of the narratives. By emphasizing
the narrative, forecasters avoid devoting too many resources to tracking “the wrong” solutions and technologies
and instead stay focused on the potential effects of disruptive technologies. They also create compelling arguments
that can later be presented to stakeholders.

Narrative is a useful and powerful tool that can augment and contextualize other forecasting tools and
approaches. Both quantitative and qualitative forecasting approaches have a role in a robust forecasting system.
Many of these approaches, discussed in detail in this committee’s first report (NRC, 2010), can and should be
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integrated into the various model design options. The workshop participants and committee members focused on
the importance of including the use of narrative to contextualize the impact of forecasted technologies and alterna-
tive futures derived from both qualitative and quantitative forecasting methods.

Key Observation. Beginning the forecasting process with narratives of potential futures rather than starting with
a list of potential technologies produces more useful insights into possible outcomes.

Key Recommendation. The 1.0 version of a forecasting system should begin developing a forecast of future
events or conditions by constructing structured narratives describing disruptive impacts within a specific contextual
framework related to particular technology use. It should then use backcasting to roadmap potentially disruptive
technologies and the triggers that enable these technologies, and then iterate the mileposts for the narrative. (Rec-
ommendation 3-1)

Key Recommendation. The responsible organization should develop a repository of narratives of potential futures,
organized both globally and by region, that include potential economic, technological, and societal impacts. (Rec-
ommendation 3-2)

An internal DoD team will need to address the challenges of handling classified and compartmentalized data
and scenarios, and create appropriate processes for including them in a repository.

Role of Government

The workshop attendees and committee members believe that a large portion of the forecasting system should
be independent of the government in order to attract contributions of data from diverse sources and to maximize
opportunities to collect innovative input. To generate data representing the widest possible variety of ages, regions,
ethnicities, and points of view, the system should be open to the general public. An obvious U.S. government
affiliation might deter participation, leading to biased forecasts. Therefore, the resources and talent for the design,
building, and retaining of the system should come primarily from outside the government.

Key Recommendation. Any forecasting system developed should be insulated to allow users to generate and
investigate controversial or uncomfortable ideas. Participants and staff should identify the reasons that an idea is
considered implausible and be able to understand what developments will be needed to arrive at that future. These
developments should become signposts on the roadmap of the forecast. (Recommendation 3-4)

Key Recommendation. The Department of Defense and the intelligence community should consider using a sepa-
rate, independent, multinational, multidisciplinary nonprofit or dot-org group to run the crowdsourced platform.
The organization should be structured correctly from the beginning to ensure trust and good working relationships
among staff. The crowdsourced platform should have its own separate governance with leadership representing
multiple ethnicities and disciplines. (Recommendation 3-7)

Key Recommendation. A forecasting system should have two separate teams, one team working on the open
external forecasting platform and another team developing an internal forecasting platform that services specific
needs of an organization. The external team should encourage broad and open participation and exchange of ideas
and scenarios from a broad range of participants and experts. The internal forecasting platform should address
scenarios that are specific to the organization and may involve sensitive, proprietary, or classified scenarios and
data that it is only willing to share with trusted parties. (Recommendation 3-8)
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Funding and Management

The workshop attendees and committee believe that the forecasting system should be built and funded accord-
ing to a start-up model, whereby the government provides seed-level financing to build a working 1.0 version of
the system. Beginning the project with minimal resources forces the development team to make tough decisions
up front and to focus the effort on developing and perfecting core system features. The leaders in charge of the
system should be forced to seek additional outside funding sources, ensuring that the system is robust enough in its
early stages to inspire confidence and attract sponsorship. Once developed, the system needs to be able to sustain
itself by providing enough ongoing value to attract continual sponsorship from both government and other parties
(including governments, corporations, institutions, and organizations) to cover the cost of operating, maintaining,
and improving the system.

Key Recommendation. The Department of Defense and the intelligence community should begin the process of
building a persistent forecasting system by selecting leadership and a small, independent, development team. The
team should be given seed-level funding to establish an organizational structure and business plan and build a work-
ing 1.0 version of a disruptive technology forecasting system. The organization should have to attract additional
funds from domestic and foreign corporate, nonprofit, or government sources. (Recommendation 3-6)
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Introduction

The best way to predict the future is to invent it.
—Alan Kay

STUDY OVERVIEW

This report is the second of two National Research Council (NRC) reports that investigate how the Department
of Defense (DoD) can use long-term forecasting to reduce the type of surprise that can be caused by high-impact
technologies. Both reports were prepared by the NRC’s Committee on Forecasting Future Disruptive Technologies,
whose efforts were sponsored by the Office of the Director of Defense Research and Engineering (DDR&E) and
the Defense Warning Office (DWO) of the Defense Intelligence Agency (DIA).

The first report, Persistent Forecasting of Disruptive Technologies, describes existing forecasting methodolo-
gies and critiques the latest, most innovative attempts to build comprehensive forecasting systems (NRC, 2010). It
also discusses disruptive technologies as a source of surprise and suggests design features that should be incorpo-
rated into a next-generation forecasting system for disruptive technologies so that better predictions can be made
of innovations arising from nontraditional sectors.

For this report, the committee was asked to outline one or more conceptual models that could be used to build
a forecasting system for disruptive technologies based on the design features identified in the first report. The
sponsor also requested that the committee provide evidence of the feasibility of creating the proposed system and
that it recommend options for proceeding. These two reports are intended to help the DoD and the intelligence
community (IC) develop a forecasting system that will assist in detecting and tracking global technology trends,
producing persistent long-term forecasts of disruptive technologies, and characterizing their potential impact on
future U.S. warfighting capabilities. The statement of task for this second report is given in Box 1-1.

To meet the goals of the statement of task for this second report, the committee met in San Francisco on
November 5 and 6, 2009. On November 5, the committee convened the Forecasting Future Disruptive Technologies
Workshop, a 1-day workshop at which it was joined by a panel of invited experts in related fields (see Appendix
C for a complete list of workshop participants). On November 6, the committee held a closed meeting to develop
the basis of this report, using outputs and comments from the workshop in addition to data and insights collected
in all previous committee meetings (meeting dates and presentations are listed in Appendix B). This report reflects
the information received during both phases of the study.

From the 1-day workshop and the previous committee meetings, the committee had three broadly defined
goals: (1) to develop further the structural framework for how to think about the problem of developing a long-term
persistent forecast of disruptive technologies, (2) to create alternative models of what such a system might look

11
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BOX 1-1
Statement of Task

The committee shall conduct a workshop to provide expert insight in designing a persistent forecasting
system.” The committee will invite expert forecasters and users of forecasting systems, including:

e Experts from a variety of industries (i.e., technology, energy, finance)
* Regional experts with knowledge of Asia, Europe, the Middle East, and the Americas
* Representatives of the United States Government and foreign governments

The workshop will focus on the development of one or more conceptual high-level diagrams of a
process that could be used to produce persistent forecasts of disruptive technologies. The final report will
include transcripts of the workshop and copies of visualizations created during the workshop. The commit-
tee will comment on the insights gained from past committee meetings and the workshop and recommend
options for future courses of action in the development of a persistent technology forecasting system.

* “Technology forecasting system” was defined in report 1 (NRC, 2010, p. xvi) as follows: “Technologies, people, and processes
assembled to minimize surprise triggered by emerging or disruptive technologies, in order to support decision making.”

like, and (3) to define actionable steps toward the development of such a system. Specifically, the committee’s
objectives for the workshop were the following:

Develop one or more high-level designs of potential approaches to a 1.0 version of the system.

Gain insights on how to approach the development of the system.

Estimate a gross level of effort for launching such a system.

Document the key insights from the sessions and workshop that could provide guidance for the develop-
ment of the system.

REPORT STRUCTURE

The present report uses multiple methodologies to approach the development of a version 1.0 system of a
forecasting system model that specifically addresses the needs of the defense intelligence community. The sections
below in this chapter introduce the context and bridge from the committee’s work in its first report (NRC, 2010)
on traditional forecasting processes to forecasting systems as conceived by the committee. Chapter 2 describes the
results of experiments undertaken by three subgroups of the workshop to actually design forecasting systems that
would meet the design criteria explored by the committee; the chapter also outlines a fourth system—a storytell-
ing model suggested by an individual workshop participant. Chapter 3 evaluates and synthesizes the results of the
experiments, describes the characteristics of a system that integrates the best attributes of the four design options,
and recommends the next steps toward the development of the system. Appendix A contains biographical sketches
of the members of the committee. Appendix B lists the presentations delivered to the committee throughout this
project. Appendix C lists the experts who participated in the November 5 workshop. Appendixes D and E (on the
CD enclosed with this report) provide the unedited transcripts of the workshop, and Appendix F presents graphics
created as visualizations of the main ideas produced in the workshop. Because of the volume of the material they
contain, Appendixes D and E do not appear in print form.
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DEFINING “DISRUPTIVE TECHNOLOGIES”

As described in the first (NRC, 2010) report, the word “disruptive” connotes an interruption or upset to the
orderly progression of an event, process, or activity, or a break in service. The word can also imply confusion or
disorder, or a drastic alteration in structure. A disruptive technology is an innovative (although not necessarily
new) technology that triggers sudden and unexpected effects. Disruptive technologies can have both negative and
positive consequences. A disruptive technology can be an enabler (such as the automobile), can pose a threat (e.g.,
improvised explosive devices, or IEDs), or can have elements of both (e.g., the Internet). By contrast, “emerging
technologies,” those that are currently gaining prominence or importance, may become disruptive early or late in
their life span, or in a region far from their origin, or they may not become disruptive at all. Often, the potential
disruptive impacts of a technology are not initially obvious but become evident in hindsight. For the development
of this second report, Committee Chair Gilman G. Louie explained to workshop participants that a disruptive
technology is characteristically hard to predict and by nature occurs infrequently, so it might be difficult to identify
or foresee. Such a technology can cause an abrupt, revolutionary change to established technologies and markets;
and while perhaps starting locally, it may significantly alter the balance of global power (in financial, military,
security, trade, and scientific realms).

PITFALLS IN FORECASTING

Why do disruptions happen and how can they be predicted? Looking at past events caused by disruptive inno-
vations—the attacks of September 11 or at Pearl Harbor, for example—it is immediately obvious that useful data
were available that, if acted on, might have averted those surprise attacks. The analysis of disruptive events after
the fact shows that the information necessary to predict the event was missed for a variety of reasons, including
the following:

Not knowing enough to ask the right question,

Asking the right question but at the wrong time,

Assuming that the past is an indication of the future,

Mirroring (assuming that one’s beliefs are held by others),

Not having enough pieces of the puzzle to put together the whole picture because of information
fragmentation,

Not being able to distinguish good from bad information amidst the noise of information overload,
Biases (institutional, communal, personal, etc.) in data evaluation, and

e Lack of vision.

A NEED FOR ENHANCED FORECASTING OF DISRUPTIVE TECHNOLOGIES

Importance of Forecasting to the Department of Defense

The use of technological surprise was identified in the 2006 Quadrennial Defense Review (QDR) as one of
four potential threat strategies that could challenge U.S. military capability. Forecasting disruptive technologies
or events is important to the DoD for three reasons, as laid out by Alan Shaffer, director of Plans and Programs,
DDR&E (Shaffer, 2005). First, in both corporate and military environments, staying current on technologies and
anticipating potential disruptive influences are vital to staying competitive. Second, until recently, the United
States minimized surprise by protecting its advanced-technology secrets. As other countries and non-state actors
become more technologically sophisticated—as purchasers of commoditized technology or as developers or
both—the United States can no longer assume technological leadership in every area of technology development
or application that might be used for military purposes. In the new paradigm, the military needs to stay abreast of
new technologies as well as of new applications being developed throughout the world in order to avoid military
surprise. Third, although many believe that the United States does well at keeping abreast of big-platform and
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dedicated military technologies, it can still be surprised by the application of commercially and publicly available
technologies to create unanticipated disruptive military applications. The pervasiveness and effectiveness of IED
attacks against the U.S. military in Iraq and the use of commercial airliners by terrorists against the U.S. homeland
are examples of how applications of readily available commercial technologies can be used as highly disruptive
military weapons and can surprise military planners.

Additionally, the DoD could use information obtained from forecasting activities to leverage emerging trends
and to create asymmetric advantages for the United States. Disruptive technology forecasting need not be a purely
defensive exercise.

A high-level disruptive technology forecasting system could be used by the DoD in the following ways:

e To increase the lead time for stakeholders to plan and address potential disruptions;
To provide early indications of potential emerging new and disruptive technologies, and
To provide stakeholders with tools for prioritizing potential threats and allocating resources to increase the
ability to capitalize on, protect against, or mitigate the impact of a potential disruption.

Observation. The Department of Defense needs one or more effective forecasting systems of disruptive technolo-
gies to reduce surprise created by future disruptive technologies.

An effective forecasting platform could help the DoD to better prepare for potential disruptive technologies and
enable it to develop proactively the preparatory strategies for countering the negative effects of disruption. Given
the typically long development cycle for counter-disruptive technologies in the United States and the capability
and speed of some U.S. adversaries in developing new disruptive technologies, particularly those that leverage
commercial technologies, the United States cannot afford to rely on a reactive strategy. It must proactively prepare
for potentially highly disruptive technologies.

Technology and Disruption in the 21st Century

It is believed by many forecasters and technologists that at this historical moment the risk of global disruption
is greater than ever before. According to Irving Wladawsky-Berger (2008) of the IBM Academy of Technology
at a presentation to the committee:

There are a set of forces converging on organizations today—both business forces and technical possibilities—that
are driving different choices about business designs and the underlying computing infrastructures. Those forces aren’t
new. But in a networked world that’s always on, you feel these pressures more acutely and in real time. Because of
the global marketplace and the Net, every institution has far greater contact with the world—access to more markets
and information, exposure to more threats, and a rapid fire competitive environment. Those companies that lead
their industries are the ones best able to adapt and build the right partnerships at this intersection of business and
technology.

Experts in other disciplines agree. Ray Kurzweil, whom Bill Gates called “the best person I know at predict-
ing the future of artificial intelligence,” proposes in The Singularity Is Near: When Humans Transcend Biology
that the pace of change of technology “is exponential (that is, it expands by repeatedly multiplying by a constant)
rather than linear (that is, expanding by repeatedly adding a constant)” (Hodgkinson, 2009; Kurzweil, 2005). See
Figure 1-1. He postulates that at some point a “technological singularity” will occur where the level of human
technology will become infinite or extremely high and artificially enhanced human/computer intelligence will syn-
ergistically transcend human biological intelligence. His description of the disruptive power of this technological
synergy is very apt for disruptive technologies in general: “Exponential growth is deceptive. It starts out almost
imperceptibly and then explodes with unexpected fury—unexpected, that is, if one does not take care to follow
its trajectory” (Kurzweil, 2005, p. 8). Kurzweil’s vision for the future is valuable not so much for its accuracy as
for its insight into the disruptive potential of technological confluences. While the principle of exponential growth
does not have universal validity, it does have important application in technology forecasting.
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FIGURE 1-1 The exponential advance of information technology. In 1900, one computation would have cost $100,000. Today
$100 will buy 10 million computations. As technology and performance advance, cost declines. SOURCE: Wladawsky-Berger
(2008).

Each specific technological area (mechanical, vacuum tubes, discreet transistors, integrated circuits) follows
its own S curve: slow initial growth, followed by exponential growth, and then slowing and diminishing growth in
capability. Kurzweil’s point is that as a technology reaches maturity and capabilities fall off the exponential growth
curve, a new replacement technology emerges and continues the exponential growth. These exponential curves
apply to many human-made technologies over hundreds (if not thousands) of years. The committee believes that
examples include our capacity to record and store information (from cave wall, to written word, to the printing
press, to computer storage, to the cloud). The same can be applied to our capacity to compute, generate energy,
increase the lethality of weapons, or produce food, to name a few examples.

The exponential advances of information technology (IT) growth are the result of each generation of IT going
through the standard performance logistic curve and being replaced by a new generation as the older one becomes
obsolete. Each new generation offers an order of performance over the generation that it replaces. In Figure 1-1,
the increasing performance of computation is actually the envelope of the logistic curves for the increase of per-
formance of the successive underlying technologies over time. The transition from one logistic curve to the next
is fertile ground for the emergence of new disruptive technologies.

A system of forecasting of disruptive events needs to be developed to meet new realities that include expo-
nential technological growth, globalism, commercialization, the rapid diffusion of technical knowledge, the viral
application of technology, the proliferation of asymmetric and disruptive strategies, and changing global competi-
tive forces. As a report by the National Intelligence Council (NIC) observed: “We see globalization—growing
interconnectedness reflected in the expanded flows of information, technology, capital, goods, services, and people
throughout the world—as an overarching ‘mega-trend,” a force so ubiquitous that it will substantially shape all the
other major trends in the world of 2020 (NIC, 2004, p. 6-7).

Traditionally, U.S. military strength has been built on a foundation of global technological superiority owing
to strong technical leadership and heavy investment by the government in large platforms. As stated in an earlier
NRC report, Avoiding Surprise in an Era of Global Technology Advances, “These sophisticated platforms now
require investments of tens of billions of dollars spread over decades—investment levels that few foes can match.
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However, the defined lifespan of the advanced technology in these platforms can now be less than the develop-
ment cycle” (NRC, 2005, p. 46). In the Cold War world of head-to-head, platform-to-platform conflict, it was
possible for groups of experts to agree on a list of emerging technologies to watch. Given the experts’ knowledge
of the adversary, the characteristic composition of these groups of experts—by gender (male), culture (Western,
English-speaking), race (white), generation (older), organization (governmental), region (Northern Hemisphere),
and sector (military), among others—may not have been a significant limitation. But the power of technological
innovation no longer resides exclusively with the traditional military and economic superpowers, and developments
can come from virtually anywhere.

While U.S. technological advances in areas such as stealth technologies and satellite imagery once afforded multi-
decade military advantage, the rapid pace of technological innovation driven by the global commercial marketplace
is shifting the advantage to those who rapidly adopt, exploit, and integrate evolving technologies. While defense-
specific investments will continue to spawn important technological advances, U.S. technological superiority is no
longer assured (NRC, 2005, p. 13).

The globalization of knowledge exchange and of commerce has lowered barriers and spread the distribution
of technological innovation centers throughout the world.

No single nation—or company—can expect to innovate in isolation. That’s because the global adoption of the in-
ternet, as well as advanced pervasive technologies, have stripped away the traditional barriers to innovation—such
as proximity of natural resources, geographic constraints, and access to both information and insight. (Wladawsky-
Berger, 2008)

The recent global recession has brought into stark relief the interdependencies of global economies. Multina-
tional corporations can take advantage of Japanese strengths in nanotechnology, optics, and electronic devices, or
be consumers of top-notch high-technology manufacturing and design in photonics in China (discussed in detail
in Chapter 5 of NRC, 2005). In such an interdependent world, the definitions of ally and foe can be very fluid and
flexible. In the future, the successful leaders in the global marketplace will be highly adaptive, rapidly responsive
to world trends, and adept at leveraging strengths through strategic partnering.

Global commercial forces will play a major role in guiding the development of most future technologies (e.g.,
information technology, biotechnology, microtechnology, nanotechnology, materials, and energy). As technological
research and development become increasingly driven by market opportunities and market demand, technology
developed specifically to meet a military need may become a niche market. This also means that military applica-
tions and uses of commercial technology will be increasingly innovative and important. A forecasting system for
disruptive technologies must incorporate global market and investment trends in addition to tracking government-
funded programs.

One important result of the recent growth in globalism and commercialism is that important indicators of
potentially disruptive technological developments are likely to appear in open sources—on commercial Internet
sites, at industrial fairs, at trade associations, among special-interest groups, on Web blogs, and on intranets of key
corporations. Many of these technologies and applications will be developed and exploited by small or obscure
start-up companies or in the research efforts of young university or postdoctoral students. The committee is con-
cerned that in the future many of these technologies will be developed outside the United States. It was observed
by several committee members that many technologies that become disruptive start off as outliers—innovations
that are by definition outside the mainstream consciousness.

KEY REQUIREMENTS FOR SYSTEM MODELS

This section outlines some of the most important characteristics and design elements of a disruptive technology
forecasting system identified in the committee’s first report (NRC, 2010) and during the workshop discussions.
These characteristics were chosen by the committee for inclusion in the first report in part because they are believed
to optimize the use of available technology to address the challenges mentioned earlier in this chapter.
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Persistence

To accommodate the changing global landscape, the committee believes that a good disruptive technology
forecasting system needs to be open to the public and persistent. Chapter 5 of the committee’s first report identified
persistence as one of the most important principles in a system for forecasting disruptive events (NRC, 2010).

Traditional forecasting systems provide technological snapshots that can quickly become outdated in the face
of today’s realities. In many cases, these one-time predictions fail to develop technology roadmaps or to include a
strategy for tracking and incorporating new signals! that emerge after the prediction’s creation. Many technology
forecasts fail to explore potential secondary effects or to consider the possibilities for enabling new disruptive
applications that might arise from integrating multiple technology disciplines. To capture an evolving technol-
ogy trend, a forecasting system must continuously scan, sample, question, and imagine from multiple sources of
information; this is what makes it “persistent” (NRC, 2010). A key goal of a persistent system is to continuously
improve forecasts on the basis of new data, signals, and participant input. A persistent system can look at trends
and recalculate trajectories as data change or as new events appear on the horizon, generating new hypotheses. If
all of the queries posed for the participants to answer, the queries from participants to the organizers, the various
hypotheses proposed, and the scenarios developed are saved and tracked, then the data to develop these potential
answers, even if the answers were discarded, are not lost. For example, information developed later might create
a situation that would give new meaning to scenarios that were previously considered impossible. It is difficult to
ask all the right questions at the right time (Jonas, 2008). By storing each query, a previous query can be matched
against a current query, which could be used in signal matching. For example, someone who is studying automo-
tive design might be watching the falling cost of storing a unit of energy, believing that once a price hits a certain
threshold, the electric motor becomes viable as a principal form of vehicle propulsion. Another person might be
studying the same measure of interest for its implications for technologies interfacing with the electric power grid.
The queries themselves could be an important signal.

As it generates interest among different communities, a persistent forecasting system can be built to serve
many different customers, providing a continuously active, dynamic, and responsive platform. Although the spon-
sors are primarily concerned with national defense, disruptive technology forecasting is also useful in many types
of business applications.

The outcomes of a persistent system differ from traditional methods of forecasting in the following ways:

e The forecasts of the persistent system are current and based on the best knowledge available as they
advance.

e Data archives can be used as a repository for other forecasts. Currently, there is no single place within the
DoD, much less the U.S. government, where technology forecasts from multiple agencies can be seen and
referenced.

e A persistent data-gathering platform can be incorporated into multiple programs and applications.

e Rather than having a forecasting cycle, a persistent system allows forecasts to be generated or updated
continuously as new signals appear.

e As new technologies, communities, or applications evolve, they can be integrated into the system and
applied to existing work.

e As the historic base of data grows, this archive becomes a valuable resource with which to test and refine
new forecasting tools and methods using backcasting (see the Glossary).

Openness and Crowdsourcing

In its first report, the committee focused on openness as an important attribute of a future forecasting system to
allow the broadest possible collection of ideas, signals, and interpretations and to reduce bias (particularly Western
bias) through diverse participation. Attendees at the workshop echoed the belief that input from a broad range of

IA “signal” is defined in the first report as a piece of data, a sign, or an event that is relevant to the identification of a potentially disruptive
technology (NRC, 2010).
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participants is the key to tapping into far-flung signals indicating technology change. Crowdsourcing is “the act of
a company or institution taking a function once performed by employees and outsourcing it to an undefined (and
generally large) network of people in the form of an open call” (Whitford, 2008). The definition was initially dis-
cussed by Howe (2006). A forecasting system that incorporates crowdsourcing uses open participation to develop a
wide range of scenarios and possible future narratives. Ideas can be drawn directly from the crowd using Web-based
models that include participatory special-interest-community Web sites, predictive market tools, and interactive
gaming. Crowdsourcing can also be used indirectly: sophisticated Web-based search algorithms can extract data
of interest from such sources as blogs, professional association Web sites, competitions, or published literature.

Classical approaches and sources for forecasting, such as brainstorming by experts, market surveys, searches
of published papers, and classic data collection can be combined with new enabling technologies and applica-
tions such as searching tweets for emerging disruptive ideas in the news. Disparate inputs inspire ideas and raise
questions that feed back into iterative loops where the data are used to refine the information. For example, more
interesting scenarios or narratives can be selected to be developed further and put back out to the larger crowd
community in the form of an alternative reality game (ARG) to see how it plays out. Data from persistent Web
crawling may also indicate a growing area of interest—a community that is attracting resources or an idea that is
cropping up in interesting places—that should be explored further.

Some may consider the idea of an open forecasting system that includes crowdsourcing to be fairly radical.
The rationale was that it would take a very broad range of inputs from a wide variety of global populations to
have the kind of reach that would enable real forecasting and that crowdsourcing using Web-based technologies is
an effective means to access global populations. Research has shown that amateurs are capable of outperforming
experts in forecasting (Onkal et al., 2003; NRC, 2010). The committee believed strongly that adding crowdsourc-
ing techniques would broaden and complement the viewpoint and data that any collection and analysis team could
access and prioritize. This could significantly improve the chances of discovering disruptive indicators before the
disruptive technology emerged. This improvement would result not just from the complementary data coming from
open sources. Crowdsourcing techniques may demonstrate different prioritization of technologies, their applica-
tions, and hypotheses than those from traditional forecasting of technologies.

Workshop participants expressed diverse views on the superiority of crowd analysis over expert analysis.
Many of the participants recognized that crowdsourcing presents unique challenges not present in other forecasting
approaches. For example, it can be noisy, uneven in quality, and self-reinforcing (crowd-generated ideas include
zero-point energy, human time travel, faster-than-light travel). Nevertheless, expert analysis remains subject to
error due to problems such as mirroring, blind spots, and failure of imagination.

Proponents of crowdsourcing and of expert judgment at the workshop accepted the idea that both forms of
analysis have a role in the forecasting process. Experts can analyze the plausibility of data feeds leading to particular
scenarios or select high-impact scenarios for further exploration to discover possible paths that enable them. A key
role for experts is to backcast: to begin with a projected future scenario and explore potential paths that could lead
from the present to that future. The experts can either develop their own model or evaluate and validate potential
paths suggested by the crowd. Fully developing a backcast model would entail laying out potentially important
signposts, tipping points, thresholds, or measures of interest that could be persistently tracked for a convergence
of effects. The implications and impacts of a particular scenario might not be immediately obvious, so both crowd
and expert insight might be valuable. For example, if one only watches areas of interest to technology experts,
minimalistic applications and technologies such as IEDs might be missed. The crowd, however, might not be able
to roadmap the development of stealth technologies with the same level of precision as that offered by experts.
Thus, the committee proposes that input from both experts and crowds be used to gain the strengths of both for
better forecasts of disruptive technologies.

The stochastic model of creativity pioneered by D.K. Simonton (2003) states that the level of creative output
can be traced directly to the breadth of the domain from which an innovator draws knowledge and the frequency
with which creative efforts are attempted. Therefore, “a researcher who spends 40 hours per week engaged in
theory development is more likely to develop an innovative idea than a researcher who spends only 5 hours per
week on the same task . . . for creativity to flourish, both aspects of the creative process must be emphasized”
(Fehr, 2009, p. 345).
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Creativity and Tolerance for Failure

A forecasting system for disruptive technologies must be open to creative ideas and have tolerance for failure.
By nature, a disruptive technology will be difficult to predict, and so most predictions will not be realized. Rather
than predicting the occurrence of a specific innovation, a worthwhile forecast predicts the problems that will be
solved with technology and the effects of different possible solutions. Therefore, it is important to develop a road-
map of many potential futures of concern and to collect signals to help track the development of key technologies
that might enable a specific future.

In the opinion of the committee, the technologies that are the most disruptive are most likely to emerge from
the unexpected application of both new and existing technologies. In many cases, it is the unexpected application
of existing and well-understood technologies that can cause the greatest surprise and disruption. In these cases, it
is the new application of technology rather than the novelty of the technologies involved that causes the disrup-
tion. Uncovering unexpected connections between existing technologies requires a tolerance for ideas that seem
“crazy,” and it requires creative people to contribute seemingly unrelated data that may become a significant marker
when combined with other data to form a pattern. While the interpretation of the significance of the patterns can
be wrong, the knowledge of such patterns is important and can be refined as new signals, data, or events emerge.
The creativity necessary to envision less obvious connections is also needed to place forecasts in believable con-
texts. However unlikely an interpretation, it must be included in a compelling narrative of a future scenario. As
in the case of Cassandra, the Greek mythological character who was able to see the future but was cursed with
the inability to convince others of the truth of her predictions, accurate forecasts are useless if they cannot inspire
action before a disruption emerges.

Predictions Versus Roadmaps

An effective forecasting system does not necessarily predict the future accurately. In his foreword to The
Knowledge Base of Futures Studies (Slaughter, 1996), James Dator proposed two hypotheses and postulates for
forecasting the future, known as Dator’s law. The first hypothesis is that the future cannot be studied, because the
future does not exist. He then postulates that the future cannot be predicted, but alternative futures can be forecast
and preferred futures can be “envisioned, invented, implemented, continuously evaluated, revised, and re-envi-
sioned” (Slaughter, 1996, p. xx). The second hypothesis is that any useful idea about the future should appear to
be ridiculous from today’s point of view. A related postulate is that a future considered to be the most likely is
probably one of the least likely futures. Therefore, “decision-makers, and the general public, if they wish useful
information about the future, should expect it to be unconventional and even shocking, offensive, and seemingly

ridiculous. . . . futurists have the additional burden of making the initially ridiculous idea plausible and feasible
by marshaling appropriate evidence and weaving alternative scenarios on possible developments™ (Slaughter,
1996, p. xx).

Traditionally, forecasting methodologies have focused on identifying technologies, but Dator’s law emphasizes
the process of envisioning futures. The future will reflect the impacts of technologies on society, and it is these
impacts, rather than the technologies that cause them, that are the essential and convincing elements in a narrative
of a potential future.

A focus on technologies can also fail to incorporate other factors relevant to disruption. Some forces that
enable or encourage disruptive events are not technological. For example, when Twitter was used to mobilize pro-
tests of the results of the 2009 Iranian presidential election, the power of this relatively simple new technology to
affect political change by leveraging global social networks was made apparent to the world. Very simple and old
technologies can also have dramatic impacts when applied to uses other than those originally intended.

A list of emerging technologies provides little basis for prioritizing their disruptive potential impact or
allocating resources to the most threatening scenarios, especially if those scenarios are seen as low-probability
outcomes. A set of potential future roadmaps provides the necessary insight for making better preparations for
the unexpected. Like building an opening book for a chess program, a forecasting system can use roadmapping
to map signals against important signposts to help identify the potential emergence of an alternative future (see
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BOX 1-2
Learning from Blackjack and Chess

A good forecast should allow the user to slightly change his or her odds of success from being com-
pletely random to being slightly better than random. Think of it as card counting in blackjack. It does not
guarantee that at any moment in time one is going to have a winning hand, but over the long term of playing
the game out, one beats the house odds by changing it just a little bit. A good forecast is like counting cards:
it does not guarantee a win; it just begins to subtly shift the odds in one’s favor. And most importantly—and
a lot of forecasters forget this—at the end of all the forecasts, what do we look for to see whether or not
a forecast is coming true or not coming true? What are the signals, what are the signposts, what are the
thresholds, what are the tipping points that we should be out there listening and monitoring for to say “Oh!
I's happening”? So think of it as a chess game. You're sitting there and you're playing a grand master, and
the grand master looks at the chessboard and in about 10 seconds says, “Oh, | see a pattern here. It just
kind of looks like that game. | know my next eight moves.” A novice looks at the board and says, “l don’t
know what to do next” So an early warning system is having what can be called that opening book in a
chess program. Now how can we fill that opening book, and increase that pattern recognition that allows
somebody to say, “Hey, this might be coming true, that may not be coming true”?

SOURCE: Committee Chair Gilman G. Louie, adapted from the unedited workshop transcript in Appendix D, provided on the CD
included in the back inside cover of this report.

Box 1-2 for a more detailed example). A well-designed forecasting and warning system provides forecasters with
the equivalent of an opening book. In certain cases, disruptive applications can be subtly hidden in second- and
third-order effects. Like chess grand masters, experts are important to a forecasting process because of their ability
to identify subtle patterns.

A useful forecast will lay out several roadmaps of potential futures, with indicators and parameters that can
be used to follow the progression of events and evaluate the likelihood of each scenario’s coming true. It should
indicate the technological, societal, economic, or other tipping points or thresholds that might enable a disruptive
scenario. The committee believes that it is important to include economic, social, and cultural experts along with
scientists and technologists on a disruptive technology forecasting team.

FRAMEWORK FOR MODEL BUILDING

The workshop opened with a description of a framework for thinking about forecasting and a list of desired
system attributes developed in the first report. The methodology flow diagram from that report (NRC, 2010, p. 59),
reprinted here as Figure 1-2, illustrates some proven forecasting methodologies and provided a helpful example
for the workshop participants to use when building their models. As shown in the diagram, forecasters begin by
defining who the users are and what the mission is. Once the priorities of the mission are understood, potential
sources of interesting information can be identified and pursued. Sources of information can then be collected
through the pursuit of new data sources and the use of active techniques such as data mining, interviewing, and
data repository acquisition and licensing as well as through more passive means such as monitoring and tracking.
Generally, these sources include both data input and human input. These data then go through a data hygiene
process, which restructures, eliminates duplication, and “cleans up” the data. Forecasters should be cautious about
discarding data that seem irrelevant. “Bad data” could prove useful in unexpected ways and could teach forecasters
how to make better inferences.
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FIGURE 1-2 Conceptual process flow for the persistent forecasting system. SOURCE: Reprinted from NRC (2010), p. 59.
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Observation. Even data and hypotheses that are considered irrelevant or of poor quality could be useful sometime
in the future in a persistent forecasting system. Selecting “good” and “bad” data too soon has the potential to intro-
duce bias and blind spots into a forecast. All data, questions, and hypotheses generated should be preserved.

One of the challenges inherent in any forecasting methodology is ensuring that the inputs used to derive the
forecast are of the highest quality and represent a broad range of quality sources. This is especially true for persistent
systems that require continuous inputs. Systems that rely on experts can control the quality of input by selecting
participants with the desired composition and quality of expertise and by controlling the quality of the questions
being asked. Systems that rely on data can ensure quality by ensuring that there is an understanding of the sources
of data and how the data were derived. Unlike other inputs, the quality of crowdsourced data is determined more
by the structure of the system than by the quality of the individual participants. Quality comes from the breadth
and number of participants and the structural approach used to perform oversight of the system.

After collection, the data are processed through a number of possible mechanisms. The result of processing
should be a portfolio of possible, but not necessarily probable, futures against which resources can be allocated
for future tracking and reprocessing.

This methodology uses a traditional linear forecasting approach, which may be good for a one-time forecast
but may be flawed for a persistent system. New tools should be able to replicate the processes that traditional
forecasting systems use while incorporating rapid, continuous feedback to produce persistent, constantly updated
forecasts. The committee acknowledges that the proposed model in the first report may not be the most accurate
for a persistent system, but it provides a useful framework for the processes included within a single pass of a
forecasting loop of a hypothetical persistent system.

INSIGHTS FROM THE WORKSHOP

After hearing briefly about the vision that the committee held for a forecasting system derived from its work
on the first report and a brief description of the framework in Figure 1-2, the workshop attendees participated in
a large-group discussion and then worked in subgroups to prioritize design elements; define input, output, and
intermediate processes; and build models of potential forecasting systems for disruptive technologies incorporat-
ing both computer and human elements. The most salient insights and conclusions are described briefly in this
section and in more depth in Chapter 3.

Flexibility and Leadership

The model-building exercise performed by the workshop participants illustrated that there are multiple
viable approaches to building a high-level persistent forecasting system. Given the multitude of design options
available, the committee concluded that it would be more productive to begin building a basic 1.0 system? to test
and develop than to spend excessive resources on planning a robust and complete system structure at the outset.
The design could then evolve to incorporate additional desired elements and to meet user demands. Rapid and
cohesive design evolution is unlikely to occur without strong leadership and vision; therefore, the selection of the
core leadership team is one of the most important elements for determining the success of the system. Desirable
qualities and experience for the leadership team are presented in greater detail in the descriptions of individual
models in Chapter 2.

2A “1.0 system” is a minimal working system with basic core functions that is used by its target users as a production system. A 1.0 system
is different from a prototype, which is typically a testbed used to validate an approach with a small number of users and having a subset of the
required core functions. The label “1.0” is typically given to the first fully working product that is released to its target users.
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Narrative Focus

Another major concept reinforced by the workshop is the importance of a focus on developing narratives of
the human use and impact of technology instead of a focus on specific technologies. It is the context of solving
human needs that drives technology use. The system should therefore start by identifying big problems and big
opportunities and using them to generate alternative scenarios and hypotheses from which relevant technologies
can be derived. There are often multiple solution paths to solve a single problem, but the immediate and second-
order effects of the different solutions might be very similar. Scenarios will also vary by region, as they will have
distinct impacts and solutions in different locales. By emphasizing the narrative, forecasters avoid devoting too
many resources to tracking “the wrong” solutions and technologies, stay focused on potential outcomes, and create
compelling arguments that can be later presented to stakeholders.

Funding

A number of workshop attendees commented that the forecasting system should be built and funded according
to a start-up model, with the government providing seed-level financing to build a working 1.0-level version of
the system. Beginning the project with minimal resources forces the development team to make tough decisions
up front and to focus the effort on developing and perfecting core system features. The leaders in charge of the
system should be forced to seek additional outside funding sources, ensuring that the system is robust enough in
the early stages to inspire confidence and attract sponsorship.

Risk Management

A number of risks could compromise a forecasting system. The committee believes that the following is a list
of potential risks that need to be considered and mitigated:

o Technology and engineering risk: Some of the proposed systems depend on technologies such as databases,
search engines, data mining, classifiers, data visualization tools, and Web tools. Although all of these indi-
vidual technologies exist, developing a robust and reliable system that integrates these various technologies
can be challenging even to an experienced technology team.

e Data risk: The quality of the output is highly dependent on the quality of the input. Operators must make
sure that bias is either balanced or minimized in the data collection and analytical phases of the various
approaches. Data need to be collected using a diverse set of sources to be representative of the range of
technologies and impacts being forecast. Expert sources should be qualified. Great care must be given to
the selection of various data sources.

o Security vulnerability risk: The system must be secured from various forms of malicious attacks, includ-
ing spoofing, purposeful bias creation, data corruption, unauthorized modification of the data, planting of
information, and denial-of-service attacks. The system, especially the portions that are crowdsourced, must
be architected with appropriate security, monitoring, and analytics.

e Leadership and personnel risk: Start-up activities are inherently difficult. The quality of the leadership
within a founding team has a major effect on the success or failure of most start-up activities. The vision,
perseverance of the team, determination of purpose, and ability to execute are driven by the quality of lead-
ership. Finding the right individual(s) to head up such an effort is critical to the success of the project.

e Disruptive idea risk: As with many forecasts of disruptive technology, there may be a natural tendency to
reject wild or challenging ideas as either impossible or highly improbable based on the knowledge, trends,
and understanding at the time of the forecast. It is important that every forecast be stored for future con-
sideration in case of a change in understanding or fact.

e User risk: There are multiple user risks: (1) The system could suffer from lack of adequate participa-
tion by experts and/or the crowd. (2) Malicious users might corrupt the system. (3) Users might disclose
copyrighted, proprietary, confidential, or classified materials. (4) There could be a failure to have enough
diversity in the user community, resulting in a biased forecast.
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e Financial risk: To build a persistent forecasting system, adequate and persistent funding is required. A
diverse source of funding would reduce the risk of failure due to inadequate financial support.

e Stakeholder risk: The final risk is that the forecasts produced by the system are not used or are rejected
inappropriately by stakeholders and decision makers. There may be several factors that can cause this:
—An unactionable forecast: A forecast that does not provide adequate insight into potential futures results

in the inability to make decisions from it. A forecast that is overly general or fails to assess potential
impact results in an unactionable forecast.

—An unbelievable forecast: It is difficult for stakeholders to accept a forecast that might be considered
unbelievable or improbable because it may challenge current beliefs. It is important that the greater the
improbability, the greater the amount of effort given to explain how an alternative future can occur from
a current point in time. Roadmapping and narratives are important tools that can be deployed to mitigate
this risk.

—Inappropriate use of a forecast: Forecasters need to guard against the use of selective portions of a fore-
cast to support a conclusion different from what the forecast intended. The forecast team should, when-
ever possible, review how stakeholders and decision makers are using the forecast and its conclusions.
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Model Design Options for Forecasting Systems

Your idea has to be original only in its adaptation to the problem you’re working on.
—Thomas Edison

In its first report (NRC, 2010), the committee outlined the principal attributes of a forecasting system (described
in Chapter 1 of this report) and created a concept diagram (see Figure 1.2) for a forecasting system for disruptive
technologies. In November 2009, at the 1-day Forecasting Future Disruptive Technologies Workshop convened by
the committee, three subgroups of attendees successfully designed potential 1.0 version concepts for forecasting
systems that would satisfy the parameters defined in the first report. Workshop participant Stan Vonog submitted
a fourth forecasting concept at the end of the day.

Each subgroup was asked to prioritize a list of key design criteria and then to use the results as a basis for
building a process diagram for a forecasting system showing the essential steps of how the system works. The
key design criteria were these:

Openness

Persistence

Bias mitigation

Robust and dynamic structure

Anomaly detection

Ease of use

Strong visualization tools/graphical user interfaces
Controlled vocabulary

Incentives to participate

Reliable data construction and maintenance

Once the process diagrams were developed, the subgroups were asked to estimate a level of effort for technical
and human resources. These estimates were discussed by all workshop participants and then incorporated into the
model design. This chapter contains detailed descriptions of the four proposed system models:

1. Intelligence Cycle Option
2. Roadmapping Option

3. Crowdsourced Option
4. Storytelling Option

25
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FIRST FORECASTING SYSTEM: INTELLIGENCE CYCLE OPTION

The name Intelligence Cycle Option was given to the system design that uses an option similar to the classic
approach used by the intelligence community: hypothesize, task, collect, and analyze. This system starts with a
“big question,” which initiates creative hypothesis generation fed by passive data collection (from movies, media,
and online databases, for example) and active data gathering (e.g., crowdsourcing, games). The inputs then flow
through hypothesis evaluation and testing by experts or participants in the science and technology, financial, and
sociopolitical arenas or through mechanisms such as gaming and crowdsourcing. The raw output from these pro-
cesses is shaped into a narrative! for stakeholders and then fed back into the hypothesis engine. See Figure 2-1
for the option design from the workshop.

The system design was organized around four functions:

1. The input of a “big question,”

2. Signal identification and hypothesis generation,
3. Hypothesis evaluation and testing, and

4. The authoring of potential future narratives.

The Input of a Question

The forecasting process is initiated with a big-picture question posed by the stakeholder for a particular audi-
ence (i.e., Congress, the White House) and communicated to the system director/manager (see Table 2-1 for a
detailed description of the different roles). Generating the big-question-based raw hypotheses requires an under-
standing of the forces that shape the perspective of the customer, and this is a key responsibility of the director/
manager, who is responsible for all interaction with the stakeholders. Throughout the development of the forecast,
the stakeholder will receive feedback from the data, collection, hypothesis-generation, and hypothesis-evaluation
processes and be able to assign parameters to ensure that the final narrative addresses the original purpose.

Another approach to generating the big question is to leverage outside experts or the crowd to suggest a list
of big questions that stakeholders should consider. This list could be reduced through discussions with stakehold-
ers to identify one or two big question(s) that should be addressed using this process. This approach is useful for
finding questions that would not normally be generated by people inside a system, and it is a valuable way to
avoid closed ignorance.?

Processes

The raw hypothesis based on the stakeholders’ big question is fed into an interconnected enterprise of passive
and active data gathering, analysis, and hypothesis generation. The forecasting system’s hypothesis managers add
a rough story and idea to the question and send the hypothesis to the passive and active analysis functions. Infor-
mation is passively collected using software-centric textual and multimedia data mining and statistical analysis
to identify applications, technologies, or ideas that have garnered increased interest, that cross subject areas, or
cross regional boundaries. Inputs might include themes or ideas from U.S. and foreign movies and literature, elec-
tronic discussions of technologies and applications, cultural media, and volume and pricing of key technologies
on eBay. Financial input might come from venture capital information sources or from internal agency sources of
the government (e.g., the Federal Reserve, the Department of Energy’s Energy Information Administration, the
Bureau of Labor Statistics).

Social and political input might come from U.S. and foreign government organizations, academic institu-

Tn this report, a “narrative” is defined as an account of events providing a context within which a prediction takes on broader
significance.

2“Closed ignorance” is defined as follows: Information is available, but stakeholders are unwilling or unable to consider that some outcomes
are unknown. A form of closed ignorance occurs when individuals or groups with purposeful goals or objectives find that their goals and
objectives are contrary to the need to identify disruptions.
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TABLE 2-1 Staff Required for the Function of the First Design Concept—Intelligence Cycle Option

Number of
Position Title Responsibility Desired Characteristics Staff
Forecasting system Interact with stakeholders Broad-thinking visionary with 10 to 20 years of 1
director/manager experience in science and technology ventures
or research and development. Prior government
contracting experience a bonus. Should be
pragmatic and goal-oriented.
Hypothesis manager Flesh out hypotheses Good storytellers with training and experience 3-6
in science and technology
Passive data analyst Gather and analyze data from Strong information technology background
primarily online sources with experience in search engine technology
and statistics. Knowledge of algorithms for
anomaly identification.
Active data analyst Research, track, analyze, and Training and experience in several areas of
synthesize data obtained from science and technology, military experience a
public data sources, subject- plus. Should be able to recognize plausibility 5-10
matter experts, U.S. government of technologies and applications.
and potentially nonclassified
data from intelligence
community (IC) databases
Group analysis facilitator Design and conduct live data- Experience with groupware, social networking,
gathering activities using public and online gaming systems. Teaching or
data sources, subject-matter sociology background, with interest in science
experts, U.S. government and and technology.
potentially nonclassified data
from IC databases
Alternate-future narrative Develop powerful narratives for Experience in traditional written and slideshow 2-4

producer

delivery to final audience

presentations plus storyboard development and

movie or theater production. Interested and
well read in science and technology.

tions, or other external activities such as gaming or crowdsourcing. Science fiction and futurist input might come
from authors and online sources such as longbets.org? and Technovelgy.com.* Signals such as a change in money
flows, or the sudden increase in purchases of thermo-cyclers indicative of the closing of national laboratories, or
even the emergence of a new set of popular literary ideas might be used to develop existing working hypotheses
or generate new raw hypotheses. Such a system can be built somewhat rapidly with a limited number of inputs
to begin with and then scaled up by increasing the number and variety of information sources being mined as the
forecasting system team deems necessary. Information is actively researched, analyzed, and synthesized to be fed
into the raw hypothesis by forecasting system active data analysts, who research technologies, applications, and
ideas from public data sources, subject-matter experts, the U.S. government, and potentially nonclassified data
from intelligence community (IC) databases.

Active data analysts could also gather potentially valuable information through existing science-and-technology-
focused organizations and groups that are designed to inspire the public to think of new ways of creating and
adapting technology. Some examples of technology innovation competitions include the following: Imagine

3For more information, see http://www.longbets.org/. Last accessed January 28, 2010.
4For more information, see http://www.technovelgy.com/. Last accessed January 28, 2010.
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Cup, which gathers 300,000 students from around the world (http://imaginecup.com/); the International Geneti-
cally Engineered Machine (IGEM) competition, an international undergraduate competition (http://2009.igem.
org/Main_Page); and the Discovery Channel and 3M Young Scientist Challenge for U.S. fifth- and eighth-grade
school children (http://www.youngscientistchallenge.com).

Brick-and-mortar organizations and online organizations or groups dedicated to promoting access to science
and technology resources and fostering innovation (i.e., such as the Tech Museum of Innovation [www.TheTech.
org] and Do It Yourself Biology [DIYBio.org]) could provide information on innovative technologies, applications,
and ideas as well as provide a pool of physical and online group participants for the forecasting system.

Similarly, intra-organizational challenges, such as military innovation challenges open to all ranks, are enter-
prises that could be tracked by the forecasting system for innovation data and the identification of current and future
innovators. For hypotheses and scenarios that the stakeholder wants to control access to, gaming and crowdsourcing
could be used within Department of Defense (DoD) or IC subcommittees (e.g., enlisted military personnel with a
high school diploma). The members of this subgroup were strongly intent on avoiding biases held by the highly
educated. They wanted recruitment efforts directed at both “experts” and those without college degrees.

The members of the subgroup discussed how the group participation exercises should be managed, how
groups could be recruited, and what form the exercises might take. The group analysis facilitators are responsible
for selecting participants to provide analysis that reduces the biases noted in the first report (i.e., multinational,
multiethnic, and spanning socioeconomic, educational, and expertise levels). It was generally agreed that in order
to reduce bias, forecasting system team input would be limited in the passive data collection and group analysis
functions. However, as a result, both functions will require a large number and variety of inputs or participants.
Suggestions for methods to attract participants ranged widely from a “honey pot” approach that attracts interest
from the general population to a “lightning rod” that attracts idea-oriented people rather than filtering them from a
larger group. The Technology, Entertainment, and Design (TED) Web site (www.TED.com) offers a good example
of what this type of incentive would look like. The TED Web site broadcasts talks from stars in their fields, who
are drawn to the opportunity to speak before a prestigious audience. One workshop participant suggested the Long
Now Foundation online portal as a model for what he calls “gravity wells,” sites or organizations that draw people
by offering the opportunity to network with important names.

When manually selecting group participants, it is easy to meet the requirements for reducing bias and to select
individuals who are highly innovative or outside the norm in their field. However, dealing with self-selecting/
enrolling online systems attracting users who might represent a “disruptive” community involves the paradoxi-
cal task of eliciting participation from those who are, by definition, outside the norm and who may prove to be
difficult to manage in a group exercise or may provide input that has little utility when held up against even the
relaxed litmus of low probability but moderate or better plausibility. (See the discussion of desirable disruptive
group participants in the subsection below.) Examples of group analysis activities identified by the committee
include techcasting, crowdsourcing, alternative reality games (ARGs), sponsored innovation competitions, and
round-table discussions (Halal, 2009).

While round-table discussions and innovation competitions are self-explanatory and involve person-to-person
interactions, techcasting, crowdsourcing, and ARG can be implemented online. Techcast(ing), as presented to the
committee by William E. Halal, is a forecasting methodology described briefly on TechCast, LLC’s, Web page:

[TechCast’s] researchers scan the literature and media, interview authorities, and draw on other sources to identi-
fy trends and other background data on roughly 70 emerging technologies. This data is summarized to guide the
estimates of 100 technology officers, research scientists and engineers, scholars, and other experts. Results are aggre-
gated to forecast the most likely year each breakthrough will occur, the potential economic demand, and confidence
level. We find this method to be very powerful. It can forecast any issue, results are replicable within +3 years, and
the process enhances understanding. (Halal, 2009)

However, the committee noted that the system reports the statistical consensus or data clustered around the
center of the bell curve of a normal distribution, which is problematic for two reasons: (1) It favors agreement
and ignores potentially important disagreement represented by data at the tails of the curve, and (2) the system
employs only highly educated or experienced subject-matter experts, which may adversely affect unconventional
or innovative thinking.
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The committee discussed the possibility of implementing variations of this method that would employ much
more diverse groups to identify technologies and time lines and would report the data in the peak and tails of normal
distributions, and non-normal distributions (i.e., bimodal and asymmetrical), all of which is believed to reduce bias
in data analysis and to help with the identification of disruptive signals and signposts. Two group activities that were
created specifically to decentralize analytical processes and leverage the participation of diverse populations are
crowdsourcing and ARGs. It would be incumbent on the forecasting system group analysis facilitator to maintain
his or her knowledge of existing and emerging group analysis methods and to evaluate their effectiveness when
these methods are used for the forecasting system.

Desirable Disruptive Group Participants

The following are comments by the workshop participants and the committee members regarding desirable
disruptive group participants.

e “One of the things that I’ve noticed about disruptive technologies and people who are involved in it,”
observed one participant, “is they’re disruptive, and that’s the nature of who they are.”

e “If you have too much education, you learn too much about what’s not supposed to be and what you can’t
do.”

e “We want to talk to that 13-year-old who made it in his garage, not the 25-year-old graduate student well
on his way to a Ph.D.”

e “There’s something to be said about naiveté. And that’s the other people that are disruptive, that they don’t
know that they can’t do that.”

e “In the last five years, you’ve trained about five times more post-docs than the system could feasibly use.
So you’re getting a bunch of post-docs who are no longer in the academic hierarchy but still love science
and would like to stay active in some capacity.”

Once established, the forecasting system team may identify groups that might be considered unconventional
but which, if accessed, could provide the system with valuable input (e.g., the Do It Yourself Biology community
[DIYBio.org]).

As data are received and analyzed, the hypothesis managers collate the results and use them to create multiple
hypotheses based on the initial raw hypothesis. The data and working hypotheses are provided to stakeholder(s),
who can refine their original questions and raw hypotheses and feed them back into the system. One or more
additional rounds of analysis of data and raw hypotheses to acquire more information of interest could occur,
perhaps to reduce a suspected bias in a data set. For example, one focus of the additional analysis could be the
posing of stakeholder questions to participants in different cultures to identify new trends, outliers, enthusiasts, or
the convergence of multiple fields or money flows on a specific technology or idea, or to track the enhancers and
inhibitors of technology diffusion rates. Alternatively, hypotheses might undergo another level of processing such
as a technical evaluation, a prioritization of the scenarios with the greatest impact, or a policy evaluation step led
by decision makers who actually allocate funds and affect policy (see Box 2-1 for dialogue from the workshop
on crowdsourcing).

Hypothesis Evaluation and Testing

The quantitative analysis of hypotheses by human and software systems can use the same methods as the
overall forecasting process—initiating with a question and then identifying signals and generating hypotheses;
however, the scope would be pared down to focus on specific hypotheses. The goal of this process would be to
analyze rather than to develop the hypotheses. As data are gathered, it is important to identify the signposts for
following the progression of a potential disruption and to choose metrics that could be used to predict the timing
of a disruption.

A standing committee of experts or dedicated outsourced group of analysts would coordinate the quantitative
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evaluation of the hypotheses taking into account technology innovation, application innovation, and precursor
events. The evaluations would also include the impact of the nationality, expertise level, and socioeconomic class
of the hypothesized actors. This group would apply science, technology, science fiction, financial, social, and politi-
cal filters to identify signals and signposts. Input for science and technology of the future might come from the
generation most likely to create it—graduate or postdoctoral students—or the national laboratories, for example.

The outputs of the hypothesis evaluation and testing function are hypotheses with accompanying evalua-
tions, which serve a dual purpose: to generate the final potential future narratives and to contribute further to the
improvement of the hypothesis generation function.

Authoring of Potential Future Narratives

Narrative writers provide the final future narratives to the stakeholders (also known as customers) and/or the
users, taking into account the quantitative narrative analysis in a ranking-type scheme, which will address normal
and outlier data and give voice to both the consensus and the unorthodox opinions. The narrative writers could take
into account science and technology, social, political, and financial rumors as well as science fiction and fantasy
as they address plausibility, inhibitors and accelerators of progress, and convergence or divergence of applications.
It is important to keep in mind that the stakeholders or customers (who pose the original questions to the system)
and the audience (who might be asked to act on the results of a forecast) may be the same entity; or, the audience
may be a separate entity that will receive a briefing from the stakeholder or the forecasting group for informa-
tion and/or decision support. This process will also provide feedback to the hypothesis generation and hypothesis
evaluation functions as well as identifying new big-picture questions for the stakeholders.

The format of the narratives needs to be very compelling or even provocative to have value and to motivate
decision makers to take action before the actual event, attract participants to the system, and effectively com-
municate the data and analysis. Multimedia and video storytelling might make the most effective presentations
of the scenarios. Scenarios could be presented as movie shorts or put on the Internet or turned into an ARG or
simulation that people can play for several days. The predictive value of the narratives could be tracked using
portfolio assessment tools to provide the organization and future stakeholders with a metric to reference for future
big questions.

Forecasting System Attributes

The committee maintained, from the earliest meetings that it held during the course of this study through the
workshop, that a persistent forecasting system must be quantitative, self-learning, and inclusive of the improb-
able technologies, imaginative applications of technologies, and the unconventional ideas and beliefs that spawn
them. As discussed previously, software systems can apply statistical analysis and identify outliers in normal and
non-normal data distributions. A further software solution to anomaly detection could be thought of as a continu-
ous exceptions-analysis machine that is fed key words or phrases and returns the outliers, as opposed to Google’s
algorithms that search for commonalities. Such automated approaches would certainly help to identify both the
expected signals and signposts, which would be highly probable and plausible, as well as identify the anomalous
signals and signposts, which would be plausible but of moderate to low probability. The manual application of
anomaly detection and evaluation will be critical to the building and early analysis of working hypotheses and the
evaluation of the final hypotheses, prior to narrative production. One workshop participant postulated that this is
simply a matter of “cultivating a proper sense of the weird.” It was suggested that analysts leverage the Internet
by choosing a network and pulling in group conversations, or monitoring existing conversations and asking ques-
tions to extract unusual threads. This skill set will need to be sought in forecasting system team members from
the beginning and actively nurtured within the organization.

The self-learning aspect of the system is ensured by the design of the system, an interconnected group of func-
tions that feed forward, sideways, and backward on the flowchart to allow for revision and refinement throughout
the hypothesis generation and evaluation processes. Two other system elements are also critical to the learning
system. The first is system scope—concurrent projects for one or more stakeholders will enhance the data collec-
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BOX 2-1
Methods and Benefits of Crowdsourcing

Following are quotations on methods and benefits of crowdsourcing from participants in the Forecasting
Future Disruptive Technologies Workshop held November 5, 2009, in San Francisco.

e “In the financial markets, you have massive and immediate feedback, either amplifying or dampening,
because as an analyst we put out a report that has a thesis on it, [with] . . . a constructive narrative on
why we think our thesis is right. And it's amazing how quickly | got calls that said, “You're full of gar-
bage, basically, on this and here’s the reasons why. So you want something that stimulates that type of
reaction. You need some kind of broadcast of the narrative to a group that has incentive to respond. . ..
Maybe it goes to the comment about this grand challenge of being provocative in a heretical way as a
very creative way of getting a strong, rapid response that’s broad-based.”

Response to the statement that the system needs stewards to put provocative issues out there:
“And the good thing about that too is that when people really want to put you down, they’ll try and bring
their evidence in to prove their point. And then those folks who agree with you are going to bring their
evidence in to prove your point, which may be different than yours . . . that stoke the fire and are really
important.”

* “In business marketing sometimes you put out a press release as bait to get media to respond and
carry your message. [The go-to-market strategy is] . . . you send these things out in varying kinds of
methodical cadences over time, and you start to get reflections back from the market on the messages
that you sent out. And that’s when you know that you’ve hit a qualitative point of return where you know
your message stuck and you move on to the next message.

“So in terms of what was being said about something provocative that evokes a response, it's almost like
the tool has got to have some mechanism to launch these little missiles out that engender that kind of bang,
and develop it so it has a cadence over time so you're constantly testing, bouncing an idea, getting that echo
of a response. Because the response isn’t necessarily going to come at you immediately, sometimes it takes
months. But it will come if you have the right content and message.

“From the standpoint of communication and messaging and how you got the responses back, typically
they’re latent. They're there . .. just beneath the surface. And when you put something out there, people respond
to it because it’'s already on their mind, just right beneath their skin. It's been bothering them for a while and
then, boom, that was the trigger that got it out. . . . But those are trigger points on the edges that you want to
be able to look at and say okay, who reacted to that and why?”

tion, data/hypothesis analysis, and hypothesis generation functions of the forecasting system; the second is tem-
porality—the continuous passive monitoring of previously identified signals and the periodic review of previous
hypotheses and narratives as the system ages over time will enhance current and future projects.

Although not formally presented due to the myriad forms that it could take, the system will incorporate a
quantitative ranking or scoring system that will be consistent throughout the forecasting system’s functional areas
and will provide a numerical assignment of values to factors, such as probability and plausibility, for technologies,
applications, ideas, hypotheses, and narrative outlines.

Forms of the Forecasting System

The workshop participants and the committee members discussed what forms the system organization might
take and how it could be funded. The most immediately identified form is for an existing governmental or nongov-
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“There’s something on the prediction markets called ‘long bets, where if you have two people with op-
posing points of view they go on record with an accountable prediction. 'Accountable prediction’ is a
person’s name on a verifiable statement about something that will or will not happen by a certain time
in the future and their theory of the world that makes that particular thing come to pass or not. The ac-
countability is that this is kept online. It's voted on, it's argued about, and then the time comes to pass
and it happens or it doesn't.

“Martin Rees has one and nobody’s taking the other side. It's at http://www.longbets.org/9, an arena
for accountable predictions, where you can also vote on the predictions.”

Prediction 9

Duration 18 years (02002-02020)
“By 2020, bioterror or bioerror will lead to one million casualties in a single event.”

Predictor
Martin Rees, Sir Martin Rees is Royal Society Professor at Cambridge University.

SOURCE: From http://www.longbets.org/9 as of November 2009.

“l think it’s useful for detecting anomalies to assume a short period of time. Because you find an outlier
within some set of coordinates.” A workshop participant mentioned that the founder of Crowdcast (www.
crowdcast.com) had worked for a game company that needed to predict when its products would ship
and how many units it would sell. They were wrong all the time.

“And he found out if you talk on a soccer field to different people [crowdsourcing], you can be so
much more accurate in those predictions.” So he started his own company “that makes predictions that
are 60% more accurate. But that’s short term [forecasting].”

One participant suggested that there should be a ranking measurement or odds on the system outputs,
an accountability as with long bets, only formalized for the whole process. “The whole reason this exer-
cise is occurring is because people are not happy with the outputs they’re getting, or they’re not getting
outputs at all, or they’re so wildly off the mark. . . ”

Another participant objected to the concept of expert ranking and delivering an expert consensus to the
customer. “One, | don’t want to trust everything to the experts, which we’ve built into the system we’re
not going to do. Two, | don’t like throwing out the outliers. But if we generate a ranking analysis and we
report both the consensus and the outliers with the scores, then we can go back in each iteration and
say how successful the consensus was in prediction and how successful was the outlier in prediction.”

ernmental organization to implement the forecasting system as a proprietary organization with proprietary software,
which recruits and manages external participant groups solely for data and hypothesis evaluation.

A second proposed form would establish the forecasting system as a paid membership organization, open to
individuals, private companies, nonprofit organizations, and governmental organizations with an interest in using
a persistent forecasting system or becoming contributing members of the forecasting system’s analysis and evalu-
ation functions. In such a system, the previously defined stakeholders/customers, analysts, and audiences can be
considered “users” of the system, and some users can have multiple roles. Given the high degree of flexibility and
interactivity in such an open forecasting system, it would be important for the director/manager to give guidance
continually on the various functions of the staff and virtual team in asking the right questions and finding the best
sources and resources to create useful answers.

A third proposed form would essentially operate a proprietary and an open forecasting system simultaneously
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to serve both a proprietary community and the open-access community: that is, a proprietary secure DoD persistent
forecasting system and a nonprofit open-access persistent forecasting community.

SECOND FORECASTING SYSTEM: ROADMAPPING OPTION

The second proposed system model—the Roadmapping Option—focuses on developing roadmaps from the
present to predicted future scenarios based on collected data, including observations from communities of inter-
est. The key to this model is the generation of signposts that can be monitored as the roadmap progresses. The
elements of the system are these:

1. Idea generation;
2. Techniques for mapping, processing, and evaluating inputs; and
3. Communication to decision makers.

This design starts with the selection of existing communities that are experimenting to solve problems. The
subgroup decided that for the 1.0 version, a limited number of communities of interest should be monitored
in order to gain an understanding of their activities. These communities of interest should have a lot of activ-
ity and resources—both human and capital—behind them. See Figure 2-2 for the actual design work from the
workshop.

Ideas collected from these communities and using other traditional data-gathering techniques are used to
develop future scenarios to be explored. The collected ideas then need to be filtered and spun into narratives. The
predictions or hypotheses generated from the narratives are then correlated with current events, mapped to current
trends and models, and explored by different communities to test their validity. Refined hypotheses or narratives
are analyzed to determine the impacts of and paths to their realization. Experts backcast by predicting, based on a
forecasted future event, a roadmap of how that event might occur, including the signposts and signals that indicate
progress. The forecasting system then searches for signposts and signals that correlate with scenarios. As data
accumulate and correspond to the narratives, some emerge as more relevant than others. Ultimately, the signals,
signs, scenarios, and their impacts are reported to decision makers. Because this reporting needs to be useful and
understandable from a personal perspective, it should emphasize the impacts that each scenario will have on indi-
vidual lives. All of the final output is used to create new input and ideas for the system.

Generating Ideas

In this system, the initiating process consists of picking communities of interest, watching what members
are doing, and generating ideas about future developments based on those activities. For the forecasting system,
the existence of a community of interest is needed to make an idea plausible. The team actively observes the
selected communities to gather four categories of data: topics about which there is deep uncertainty (the unknown
unknown), topics that are known to exist but about which not much is known (the known unknown), topics that
are well understood (the known known), and topics that represent overlooked knowledge (the unknown knowns;
see Table 2-2).

In the category of the unknown unknown, data-gathering activities might focus on technology experimentation
and themes from science fiction to generate theories and test their viability. In the category of known knowns, look-
ing for the rapid adoption of well-understood technologies in new emerging markets or the application of reverse
innovation could indicate a disruption is about to take place (Bhan, 2010; Govindarajan, 2009). In the category
of the known unknown, interest-based communities are the key. The team continuously identifies unknown topics
and casts a net for more information on those topics, seeking individuals and communities that hold the missing
knowledge. The more open and broad the reach of the system, the more robust will be its ability to catch needed
information. Part of the challenge in this task is reaching constrained communities in remote areas. For example,
one group member suggested that cellular telephone technology might be used to access isolated communities
that do not have access to the World Wide Web for surveys and data collection.
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FIGURE 2-2 Roadmapping Option. NOTE: The
CD included in the back inside cover of this report
has an enlargeable version of this figure, which is
» also reproduced in the PDF available at http://www.
nap.edu/catalog.php?record_id=12834.
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TABLE 2-2 Categories of Information for Data Gathering for the Roadmapping Option
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=
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The inputs that come back are refined and qualified, shaped or formed by the team. At this point the team’s
most important role begins: that of quantifying data and ensuring that fundamental principles are observed and that
assumptions have not changed. Validated pieces of information make up clues that contribute to the whole, which
grows and adjusts as data are added. Traditional surveys of communities are one way to quantify the data. In the
process of harvesting, data mining, and brainstorming, there is also an iterative process of experimentation in the
selected communities to realize the team’s hypothetical visions and test whether or not they meet the communities’
needs. If they do, the scenario building continues. If they do not, the scenario might be adjusted or rethought or
matched to address different community issues.

The types of signals collected will vary by community. In countries, signals can be found in political rhetoric.
In companies, the system might look for a corporate culture expressed in slogans, information on how the people
in the workforce treat one another, what is important to them, what they value, how they speak. Semantic analysis
and natural language processing technologies are being developed to assist in the evaluation of text and speech, and
they could be used to help identify interesting problems that might merit an extra expenditure of resources. These
emerging technologies are currently being used by commercial companies to analyze language patterns in order
to obtain insights into the ways that people and communities communicate and operate. Blogs can be searched
for certain themes that people are asking about or problems that are being addressed. The system team studies
conditions that allow innovators to arise—root causes and conditions that allow innovators to be successful or that
spur communities to act. There might be thresholds at which something becomes unacceptable and spurs action.
Monitoring to detect anomalies would be based on defined thresholds. An estimate of a threshold is a judgment
that could be dynamically changing. These thresholds would be very dependent on culture. Another spur to action
is people seeing something that works in solving some part of their issues and innovating from there. The team
observes communities to understand their issues and what they are working on. What are the problem spaces and
the opportunity spaces that naturally incentivize innovation?

The system team could employ classic techniques such as brainstorming, Web crawling, and market surveys
as well as classic methods with a twist. For example, the workshop group discussed using prediction markets, not
for predictions, but to evaluate and analyze signposts—when a signpost might hit, or the probability of a signpost
becoming real. Information toward predictions can be extracted from and correlated with data from games, tweets,
news, blogs, paper abstracts, articles, book summaries, and comments on the rest. The correlating of data results
in an evaluation of the words, a list of words, and a ranking of relevance to track.

The team can also actively solicit or generate ideas with activities such as a worldwide online contest with
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weekly winners. The audience might be Hollywood, Bollywood, Sand Hill Road,’ or the intelligence commu-
nity. The team might sponsor gaming, in which participants play in virtual worlds based on proposed scenarios.
To brainstorm ideas, the team might go to specific communities—random communities, expert communities, or
enthusiast communities involving a wide range of volunteers—to brainstorm by means of e-mail technology to get
and seed succinct ideas. The system team integrates the ideas and other data into multiple narratives.

Most of the techniques for collecting data can be done in parallel or simultaneously. Both human and automated
systems can perform the calculation and extract the signals and signposts for a potential future.

The system can automatically data mine the Internet for new concepts and terms; search tag clouds; harvest
social networks; and look at summaries, such as those found on Amazon, to extract classes and themes from
books, television, movies, and games. There are specific models of technical evolution that should be correlated
against the ideas being generated and the signals that are observed. The searches will look for technology as well
as human conditions and intersecting plots. The system’s comparative engine, for example, surveys different media
automatically and notes changes.

It will require human work to do the creative envisioning. A technique for extending the breadth and reach
of the ideas being collected is to take an observed trend and to extend it to an irrational extreme or to assume the
opposite: that the trend (for example, the concentration of population into urban areas) reverses. Then take that
trend in the opposite direction, to the opposite extreme. This technique is similar to the “what if” exercise that
inspires science fiction, and filtering ideas from the corpus of science fiction can contribute to generating ideas.
The purpose is to generate the outliers, the scenarios on the fringe.

Another possible technique for identifying extremes is to ask the communities of interest two simple questions:
What is the thing that worries you the most? and What is the thing that you would really like to see happen? The
survey responses would also identify underlying differences in values and worldview. If segmented by region, the
metadata would capture and allow an understanding of regional biases—cultural, economic, technological, and
so on. There might be differentiation between signals from a government leader and an ordinary citizen, but the
vision could come from anyone. When Mahatma Gandhi rose to prominence in India, it changed the country and
the world. It is useful to segment all the data and track demographic change.

From any point of entry, the system team can ask what the best-case scenario vision is and what the worst
nightmare is. Once a future vision or narrative of interest is identified, the team or experts build maps that go to
that place. From the roadmaps, signals and signposts, like road signs along the way, are identified. This is the
map of the potential future against which the system matches data signals from its tracking and monitoring. At the
workshop, Committee Chair Gilman G. Louie observed, “Mapping is important because you want to be able to
touch each one of those [narrative] lines and whatever your impulse is—whether you’re following experimentation
in communities or science fiction writing and possibly literature or funded research or venture capital, it should
be addressing forecast signals and signposts.”

One way of developing a roadmap is to take an alternative future and let the experts draw a map of how to get
there. They might start with a roadmap that assumes no “miracles” but simply extrapolates from current trends,
from what is known. Layered on top of that could be a look at what happens if there is a miracle. How would that
event disrupt the pathway to get to that alternative future? Would it speed it up? Block it? Take it down another
path? In the end, the roadmap has many roads and signals and signposts on the map. The roads or paths themselves
do not need to be analyzed. What is important is the signals that indicate which road is being taken. The analysis
of potential scenarios and a breakdown into signs and signals are critical to this forecast system. Signals are so
important that they should be rewarded. Any input that delivers a useful signal should be encouraged.

Evaluation Techniques

The techniques for idea generation—automated as well as active—can generate numerous ideas from high-
speed processes. The group raised the issue of whether the evaluative mechanisms, which might be labor-intensive,

SBollywood, the largest film producer in India; Sand Hill Road, a road in Menlo Park, California, known for its concentration of venture
capital companies.
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could scale up to the speed of idea generation. Also discussed was the issue of processing and evaluating inputs,
including weak signals, so as to filter data that are not relevant, identify significance, and find even the weak
relevant signals without the system’s getting overwhelmed.

Roadmapping is key. If the roadmap to a prediction is structured correctly, there are conditions, thresholds,
signals, and signposts that have to be met to proceed toward a particular future. Thus the news or current articles
can be mined for all the data possible from the areas that would satisfy the roadmap conditions.

A workshop participant pointed out, “On the machine side, we have lots of techniques for turning the crank
and generating signposts. Once we know what we’re looking for—what the search terms are that we’re interested
in—then we can find technology trends and measure things of interest like the energy density of batteries.® You
can measure that in several different ways, in many dimensions. You generally need measures of interest, but there
are ways to get signposts without measures of interest. The signpost is a recognizable potential future event that
also has a recommended action. If it’s not actionable, it’s just a signal, an indicator, or some place on a measure
of interest. With signposts, you can then synthesize what we could call the roadmap with lots of roads.” It is a
two-dimensional path. The signposts can indicate the potential future. The analysis of the potential futures refines
the signposts. The analysis of the signposts can prioritize the paths or roads to the future.

Another technique offered by one participant involved ranking the relevance of paths or roads to the future as
a way to offer priorities without eliminating outliers too quickly. He suggested asking both experts and general-
ists to assign relevance to each roadmap using a five-point scale. Each rater would also rank the projected level
of impact of a technology and his or her level of expertise and level of certainty about the ranking. That ranking
can then be used to tally a weighted vote.

Communication to Decision Makers

The strong roadmaps and scenarios that emerge from this process form the basis for a forecast that is eventually
reported to a decision maker. The report would include the signals, signposts, scenarios, and impact of the forecast.
As much as possible, the impact of the scenario must be analyzed in the context of human issues in everyday life
to make it relevant, understandable, and accessible. The presentation could use dashboards, maps, diagrams, or
storyboards to illustrate a “day in the life” of the forecasted future. To make it even more compelling, the story
could be in the context of a game, a movie, or short work of fiction. A benefit to creating a story for presentation
is that this facilitates the use of an individual’s point of view, particular to where that person lives in the world
and how a technology is uniquely going to affect the person. The objective of this style of presentation is to move
decision makers to take action.

THIRD FORECASTING SYSTEM: CROWDSOURCED OPTION

The third workshop subgroup’s proposed forecasting system—the Crowdsourced Option—is organized by
input, analytical approaches, and outputs, with a clear focus on creating clear, actionable outputs in the form of
reports. It is called the Crowdsourced Option because of its use of open participation from “the crowd” (either the
general public or targeted populations) to gather forecasting inputs. These inputs are analyzed in multiple ways,
employing a combination of crowdsourcing techniques and expert analysis. The final analysis is done by the mem-
bers or delegates of an expert forecasting committee. If this endeavor were to be conceptualized as a business, the
expert forecasting committee would be the founding board. That committee, or its delegates, would respond to a
specific query from a stakeholder or sponsor. It would then be the responsibility of the expert forecasting committee
to produce regular, systematic reports. Reports could also be made on interesting signals, events, or technologies
that were independent of a customer query. Figure 2-3 illustrates the subgroup’s model design.

The public face of this system would be “Disruptipedia,” an online portal where data, information, live ques-
tions and responses, signs, signposts, forecasts, scenarios, and narratives would be displayed. To attract contribu-

%The committee notes here that it might also be interesting to use machine techniques such as anomaly detection and new-concept detection
to help the forecasting system identify things that are important but that it is not looking for.
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tions from smart, observant, knowledgeable people, incentives could include real or virtual currency or the attention
of influential people. One idea was to include on the expert forecasting committee notable figures by whom con-
tributors might want to be heard—Steve Jobs, Apple cofounder and CEO; filmmaker Steven Spielberg; or actress
Uma Thurman, for example. The input could have an alternate use that would be beneficial to creative people—as
a source for movie script ideas, for example. Such an arrangement could therefore be mutually beneficial to the
expert forecasting committee members and to participants. Disruptipedia would serve as a living repository for
the gathered information so that consistent data, information, and language could be accessed through the decades
as the system grew. It would be both the constitution and the archive of this method. While such a site might help
others exploit disruptive ideas and create disruption, the publishing of these ideas could likewise help the public
better prepare for potential shocks caused from disruptive activities.

Inputs

Just as anything that goes into the production of a vehicle is an input, any information contributed to Disrupti-
pedia would be an input. Inputs to the system start with narratives. Narratives can be inputs, outputs, or something
between. The process is circular—narratives both feed and answer questions and act in data gathering.

To get input from people not in the mainstream, those who might be more likely to be thinking outside the
conventions, the system might want to have personnel talking with and listening to people in remote areas. Fore-
casters should seek to understand the cultural and political context of remote populations to comprehend better
the potentially globally disruptive effects of modern technologies introduced to these areas. Historical examples
include cellular telephones, AK-47 assault rifles, shoulder-launched antiaircraft and antitank missiles, computers
with Internet access, and improvised explosive devices (IEDs). See Table 2-3 for suggestions on how to collect
additional data. It might be advantageous to have people on the ground in remote places talking with local residents,
who might not have access to computers. People on the ground in remote places could be part of data-gathering
staff as information came in from the field through stories being captured by journalists or the blogs of travelers
or stories from workers for nongovernmental organizations.

Processes

There is a role for both human and machine processing in the Crowdsourcing Option. The qualitative pro-
cessing would rely on human judgment, but there could be some automated computation and quantitative number
crunching feeding into the human processing. Like any manufacturing process, it is possible to put in place the
concepts outlined for the third forecasting method without equipment, information technology (IT), or systems.
There are also methods to implement this system with the maximum amount of infrastructure. The degree to which
automation, IT systems, and other infrastructure would be used to execute this method would be dictated by the
founding team and the resources that could be secured. It is the committee’s belief that the resources needed are
minimal.

There are also automated tools that are useful for collecting information and doing first-level processing on
it. For example, a Web crawler could be developed to crawl all known terrorist Web sites, extract all the first- and
second-level data from the sites, apply statistical machine translation, and perform topic classification or classifica-
tion according to key words that are constantly being identified. These tools might not be extremely accurate at the
end of all of those automated steps, because the technology for translating between languages and text categoriza-
tion is still emerging, but signals would continue to emerge. Especially if a technology is emerging as a disruptive
technology, the signals will persist and the crawling persists. So over time, the automated processing should find
significant trends, signposts, or indicators—in markets, among technologies, concepts in conversation—to track.

Inputs could be broken down into smaller questions, an internal task for the operating group that supports the
expert forecasting committee. A “hypothesis engine” could develop hypotheses for narratives. Some of the inputs
could undergo automated processing, including those inputs that are quantitative in nature or which can be passed
through text analysis or other systematic analytical tools. The data collected could be analyzed by expert groups,
undergo crowdsourced analysis, or feed discussion by Delphic groups. Ultimately, the inputs are analyzed by the
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TABLE 2-3 Inputs and Data-Collection Methods for the Crowdsourcing Option

Source Data-Collection Methods, Tools, Human Resources
Blogs Analysts
Travel logs Web crawlers
Public content conferences Analysts
Text search
Public content journals Analysts

Technical papers

Internet content

Science-fiction writers survey
Government-stimulated discussion
Crowdsourced input

Graduate student survey and dissertations

Web crawlers

Web scraping
Forecasters/forecaster shepherding

Disruptipedia system to collect inputs

Technical team

Web or markets

Analysts

Events

Literature search

Responses to requests

Survey data

Prize: trip to Technology, Entertainment, and Design (TED)
Conference

Three paragraphs on what the writer thinks is the “coolest” technology
in his or her field

Intelligent Web spiders to search differences

Purchase

Partner with company Eighty Legs to outsource Web scraping

People who pull from Disruptipedia concepts for envisioning the
future like artists

Chaos kiosks

Partnership with the Smithsonian Institution

X-Prize

Netflix automated processing model

Insurance companies’ databases

TED as partner

Public outreach

expert forecasting committee. These analysts attend conferences, workshops, or laboratories, listening to company
presentations and constantly gathering information, then debating and discussing it in order to accomplish the

following:

Identify discontinuities;
Engage decision makers;

e Interface with the output and users to learn about the quality of data inputs, methodologies used for analysis,
and ways to improve the forecasting effort; and

e Study how to continually refine the inputs and improve the methodologies of analysis.

An example process might look like the intelligence community submitting a question to the expert forecast-
ing committee: “Is there any chance in the next 10 to 15 years that somebody’s going to develop a really low-cost
way of getting satellites up—cheap and fast?”” The query would be broken down into subquestions and fed through
the input sources, with hypotheses developed for how this might happen. The query might be logged onto a kind
of dashboard that would consistently and persistently survey the data. It might produce something that indicated
the number of mentions of particular types of inputs from specific sectors. Low-cost launch might be a function
of propulsion, fuels, or guidance systems, which would be tracked. After inputs are received, likely scenarios or
hypotheses for the story would be expertly developed as the response to the question and delivered back to the
customer. In the process of developing the information, interest confluences or technologies that are moving rapidly
would be identified for tracking.

Copyright © National Academy of Sciences. All rights reserved.



Persistent Forecasting of Disruptive Technologies--Report 2

42 PERSISTENT FORECASTING OF DISRUPTIVE TECHNOLOGIES-REPORT 2

Outputs

The subgroup defined four types of products that would be outputs of the system:

—_

A response to a query to the system;

2. Analyst-driven reports about topics of further interest, such as “A Global Outlook on Bio-Augmentation,”
or “The State of Disruptive Technologies in Sub-Saharan Africa”;

3. Periodic reporting out and/or systematic reports over a time period to inform the sponsor or stakeholder;
shorter quarterly and longer annual reports that review the status of the system and its outputs; and

4. The real-time data feeds, live questions, and live queries that would be part of the Disruptipedia display.

User-facing output could be anything that the user found interesting—ideas, raw data, or narratives.

Structure

The committee believes that, as illustrated by the collaborative encyclopedia Wikipedia, the more open a
public interface is, the higher the probability of broad contribution and the higher the value of the knowledge that
can emerge from it. Although the use of Disruptipedia as an interface for use by a small group would be feasible,
increasing openness would create improvements in the data gathered. Some uses of the information might need to
be classified, and some information, due to the original source of the information, might need to be kept private or
marked proprietary. To accommodate such different needs and interests, it might be useful to have separate, parallel
processes. Crowdsourced analysis would be open to the public. The government may need a classified process.
Access to this system would broaden the government’s reach and vision into potential disruptive technologies. The
capacity to analyze the forecasting results could be broadened by mashing up the analysis community with the
modeling and simulation community and cross-training them on some of the new tools areas and methodologies.
There might also be a need for a separate process for things that may have federal or legal implications that are
not for general public consumption.

The initiation of this forecasting system calls for an independent organization to oversee the implementation
and execution of the model. To return to the manufacturing metaphor used to drive the focus here on outputs, it
can also be applied to the nature in which this concept is seeded. The model for this endeavor should probably be
a corporate approach, a company with an advisory board. At its outset, the endeavor would need to be flexible,
focused on keeping the consumers of its reports content, and committed to the long term. A start-up manufacturing
organization needs its own plant; it is too different from current operations and would be orphaned in a large exist-
ing shop floor (a division of a bureaucracy or existing organization), and it is also too different from the laboratory
where the early processes were outlined (the committee that has contemplated these challenges).

Resources

The subgroup brainstormed different estimates of the resources that this system might require. If the govern-
ment invested $10 million a year for a decade and the result was to diversify risk across a number of different
technology sections, then it would be worthwhile. On the opposite side of the scale, if the government invested
$1 million over 10 years, that would only pay the salary for one person, and it would be necessary to leverage that
funding with some other kind of funds generated by the value of the system itself.

FOURTH FORECASTING SYSTEM: STORYTELLING OPTION

The fourth option proposed for a system model—called the Storytelling Option—was drawn up by workshop
attendee Stan Vonog, inspired by his subgroup’s decision to prioritize narrative. The system, drawn from the world
of entertainment, is a novel organizational option used by Walt Disney in 1943.
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FIGURE 2-4 The Walt Disney Studios functional organizational chart of story realization from 1943. SOURCE: Walt Disney.
© Disney Enterprises, Inc.

Five years after its founding and during the height of World War II, Walt Disney Studios released a functional
organizational chart based on the storyboard process—bringing a story idea through production to the screen.
Notably, Disney’s model incorporates no hierarchy that breaks operating divisions into separate “silos.” The chart
also lacks a chain of command and authority. Instead, all staff positions serve to support a common work flow.
The chart is well adapted to an idea-based process flow (see Figure 2-4).

Copyright © National Academy of Sciences. All rights reserved.



Persistent Forecasting of Disruptive Technologies--Report 2

44 PERSISTENT FORECASTING OF DISRUPTIVE TECHNOLOGIES-REPORT 2

This design option was inspired by these points in the discussion:

e Start with the story: it is critical. Scientific measurements, calculations, and numbers are less important
than an emotional appeal in the initial stages.

e Fictional stories (e.g., the Star Trek television series, the movie Minority Report) have captured or perhaps
even inspired a future to come.”

e “The best way to predict the future is to invent it” (Kay, 1989).

e When envisioning the future, innovators look to their desires and imagination. Forecasters should do the
same.

e Writers of fiction are professional story generators who can make useful participants in the forecasting
process.

The model shown in Figure 2-5 focuses on the development of narratives from broad themes or big ques-
tions. Using this as a central theme, a small set of potential scenarios is created that identify possible contexts for
exploration. For example, from the broad theme of the future of medicine, one scenario might include widespread
genetic profiling to screen and prevent disease and how this could lead to social challenges and create unantici-
pated consequences, while another would depict a world in which human augmentation could enhance health and
physical and cognitive abilities.

Data relevant to those potential scenarios are then collected using both human- and machine-based methods.
Next, the data undergo critical analysis by teams of scientific, technical, and political and economic experts who
identify trends and form viable hypotheses, all of which are reported back to a story director. These hypotheses
are applied to the initial scenarios to create output in the form of complete narratives that can be used in reports,
demonstrations, and entertainment media. The model allows for persistence: themes that warrant further explora-
tion can be extracted from the narratives and redeveloped repeatedly using the same process.

By beginning with scenarios and emphasizing narrative development, this model is intended to produce sto-
ries that include a compelling human element. In addition to providing emotional appeal, stories can be used to
contextualize the everyday use of technologies that may not be in existence yet. For example, many of the tech-
nologies found in the television series Star Trek were “everyday” in this fictional universe decades before they
appeared in real life. Captain Kirk’s communicator allowed him to call for help from a planet surface to a starship
in planetary orbit. A phaser beam weapon could be used in space to disable another vehicle or in the hand to dis-
able an attacker. To be believable, these technological solutions had to convincingly address a human need. While
this human element is a recognized necessity in successful entertainment media, it should be considered equally
essential for eliciting action from stakeholders and policy makers who might otherwise have a lukewarm reaction
to a potential threat that seemed too unlikely or abstract.

EVALUATION OF MODELS AND THE ACTIVITY

The committee evaluated the various models produced during the workshop exercises. From this activity, it
was concluded that there is no one right way to build a next-generation forecasting system for disruptive technolo-
gies; each model has strengths and weaknesses. Table 2-4 paraphrases several workshop participants’ assessments
of the first three models. See Appendixes D and E for workshop transcripts.

Observation. There is more than one way to build a forecasting system; each model has different strengths and
weaknesses.

It should be noted that many science-fiction-based technologies, such as faster-than-the-speed-of-light travel and teleportation, violate the
known laws of physics. It is important to understand the required science behind such technologies when doing a forecast. In The Physics
of Star Trek, Lawrence Krauss (1995) does an excellent job of looking at technologies proposed by Star Trek and the physics behind them.
Employing roadmapping techniques such as backcasting to science-fiction technologies can help flush out what breakthroughs in scientific
understanding must happen to enable a technology.
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FIGURE 2-5 Storytelling Option. NOTE: The CD included in the back inside cover of this report has an enlargeable version
of this figure, which is also reproduced in the PDF available at http://www.nap.edu/catalog.php?record_id=12834.

Recommendation 2-1. The 1.0 version of a forecasting system should employ the extensive passive and active
data-gathering techniques employed in the Intelligence Cycle Option, using the data to develop roadmaps of
potential futures with signals and signposts derived from data inputs (as seen in the Roadmapping Option). The
end product of the system should include constant output and objective-driven output as described in the Crowd-
sourced Option.
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TABLE 2-4 Workshop Participants’ Assessments of the Three System Design Options.

Participant

Option 1:
Intelligence Cycle Option

Option 2:
Roadmapping Option

Option 3:
Crowdsourced Option

A

Others

Perfect if you already have

an organization following a
structured approach such as the
intelligence cycle.

Inputs particularly well
formulated. I would
recommend theirs.

Followed the intelligence cycle
to a T. Learned something from
that.

Important attribute of that
model is that it can be molded
to fit existing organizations.

A lot of assumptions made on
data-processing technology that
would be available.

Good job on how the signposts
were set up.

Good on changing narrative,
how to do signposts.

More challenges.

Lots of assumptions about
what the technology could
do—crawling, scraping.

Did a very good job thinking
about how science is generated.
Turn actionable thing into trap.
Requires computer automation.
Google approach to solve
problem: Scrape sites, gather
information, use some human
analysis, but emphasize
automated analysis.

Take some accepted technology
model from IGS, mass
adoptions.

Web 2.0-influenced.

Very open-facing, crowd-engaging
way of doing analysis, inspiration-
led way of doing analysis.

How do you make it into a script?
Organization concerns are very
real for this.

If you want global participation,
there is a trust issue, so we must
get the organization right the first
time.

Would add this output array onto
Option 1’s, but keep Option 1’s
hypothesis engine and analysis.

We were clear on the inputs and
outputs.

Other groups did better on the
middle part.

Would like to add the hypothesis
engine from Option 1 to this
model.

Particularly good way of thinking
about outputs. Put these four
output types with Option 1’s
inputs.

Lots of writing.

Lots on inputs, going through
process that produces very open
engagement to do analysis.

The circle is an inspiration-led
way of how to do analysis and
put pieces together to turn a big
idea into a script or narrative, but
believable.

Useful way to look at it.

Useful to have outside people
come in.

Good validation.

Good ideas.

Organization is the challenge.
Requires a global organization. If
it is not done right, it is not going
to get the insights one is looking
for because there will not be the
right participation and continual
participation.
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Analysis and Final Thoughts

Vision is not enough; it must be combined with venture. It is not enough to stare up to the step;
we must step up the stairs.
—Vaclav Havel

Having outlined several frameworks that could be used to develop an operational version of an advanced
forecasting system, the Committee on Forecasting Future Disruptive Technologies discussed further the challenges
in building a next-generation forecasting system and what methods and actions would help ensure such a system’s
success. To that end, this chapter discusses the following: whether a next-generation persistent disruptive technol-
ogy forecasting system can be built using existing technologies and methods, the features and characteristics of a
next-generation forecasting system, and laying the foundation for subsequent steps.

CAN A NEXT-GENERATION PERSISTENT DISRUPTIVE TECHNOLOGY FORECASTING
SYSTEM BE BUILT USING EXISTING TECHNOLOGIES AND METHODS?

For this second of its two reports, the committee was originally asked to evaluate the outputs of Signtific
(previously called X2), a forecasting platform under development in conjunction with the Defense Intelligence
Agency (DIA) and the Office of the Director of Defense Research and Engineering (DDR&E). A change in task
occurred after the committee had received the outputs of Signtific and found them of no use in producing a forecast
of potentially disruptive technologies. Specifically, the data were not detailed enough to allow the committee to
refute or confirm its hypothesis that input generated from a younger generation of researchers, technologists, and
entrepreneurs would produce different results from a traditional, expert-based forecast. The region and culture
from which data points originated were also not recorded, and therefore the data could not be used to determine if
different regions and cultures would forecast different technologies with different impacts than those in forecasts
produced by Western experts. Overall, the limited data produced by methodologies employed by the Signtific team
did not produce enough signals and signposts to track potentially disruptive technologies successfully.

Although the experience with Signtific highlighted some of the challenges of building a robust data set from
innovative methodologies, it did not prove that a next-generation forecasting system cannot be built. The Forecast-
ing Future Disruptive Technologies Workshop convened by the committee on November 5, 2009, gathered experts
in the fields of commercial forecasting, software design, graphic user interfaces, and social networks. At the begin-
ning of the day, the participants were asked if they thought that it would be possible to build a forecasting system
with the key design criteria set forth in the committee’s first report (NRC, 2010). The participants who commented
all said that the managerial and technical obstacles to building such a system could be overcome. Even if faced
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with a system model in need of substantial development or change to be of use, the committee agreed that it would
be in the best interest of the sponsor to continue efforts to build a next-generation forecasting system.

Observation. The illustrative models developed at the workshop indicate that the design and building of a 1.0
version persistent forecasting system for disruptive technologies are possible using existing technologies and
forecasting methods and can be achieved within a reasonable time frame using a modest level of human and
financial resources.

FEATURES OF A NEXT-GENERATION SYSTEM

Six Functions of the Version

Independent of the forecasting model used, a version 1.0 system for forecasting disruptive technologies should
provide stakeholders and decision makers with a current forecast of potential futures and the potential disruptive
technologies and impacts that would be the drivers of those futures as the current forecast applies to the stake-
holders’ and decision makers’ domain of interest. A 1.0 system should contain six important functions: (1) needs
definition, (2) collecting and developing alternative futures, (3) roadmapping, (4) engagement, (5) tracking, and
(6) feedback. All four 1.0 options described in Chapter 2 incorporate these six important functions in their various
approaches.

Needs Definition

The 1.0 system should provide a mechanism to help stakeholders clearly define their needs in order to maxi-
mize the utility of the forecast. Generally, a technology forecast starts with one or more high-level questions. For
example: What will the U.S. energy needs look like in 20 years? What sources of energy will the United States
rely on and what technologies are needed to exploit those sources? The questions generally include a description
of the community (the United States) that is being affected, a time frame (20 years), a domain of interest (energy),
and technological impact (exploitation of sources of energy). These questions should then be approached with an
awareness of the stakeholders’ perspective. For a persistent system, especially one that is used by more than one
stakeholder, there is usually a method to collect “big, impactful” questions and a way for users, both experts and
the crowd, to inspect and add to the collection. Sometimes these questions are categorized and ranked on the basis
of a predetermined priority of needs or potential impact.

Collecting and Developing Alternative Futures

In a persistent system, forecasters, experts, and the crowd can hypothesize about alternative futures. An effec-
tive forecasting system should seek from these groups a broad range of alternative futures. This can be accomplished
using traditional forecasting approaches (workshops, meetings, expert interviewers, polling) as well as newer
approaches (Web-based collections, crowdsourcing, data mining, gaming, simulation, and prediction markets).
These alternative futures should describe what the impact of disruptive change on the selected community might
be, what preconditions would be necessary for the disruption to occur, which technologies might contribute to the
disruptions, and what might be the source of the disruptive technology. These alternative forecasts should stimulate
discussion and debate in addition to providing new ideas for alternative futures. A useful persistent system will
capture the dialogue and discussions generated around these alternative futures. In some systems, users rank the
likelihood of each alternative future; the committee believes that it is as important (if not more so) to rank the
importance and impact of each alternative future.
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Roadmapping

A useful forecast should show how each alternative future can evolve from the present. This is done in a
process called roadmapping, in which experts look at each alternative future that is considered important enough
for analysis and develop a roadmap of events between the present and the future. This roadmap can be used for
tracking events as they occur, and it can also provide insight into the necessary conditions and technologies that
would lead to a specific future.

Engagement

The version 1.0 system should provide a variety of tools to engage stakeholders and decision makers. These
tools should include dashboards, lists, narratives, reports, videos, simulations, and gaming to help communicate to
stakeholders and decision makers the range of alternative futures (what could happen), their potential impact (who
is affected by what, and how), the likelihood (probability of occurrence) of that future, and the path (roadmap)
from today to the future. These tools should help stakeholders and decision makers better understand the possible
futures and make actionable decisions (regarding resource allocations, policy investment strategies, organizational
structure, goals and strategic priorities, and so on).

Tracking

A version 1.0 system should collect and track new signals and compare them to the roadmap to detect early-
warning signs of disruption. In addition to tracking technological advances, it should examine other forms of
disruptive change (i.e., financial, social, governmental, environmental, and scientific).

Feedback

A version 1.0 system should have a mechanism that provides feedback to the system development team,
allowing the spiral development of the system as new knowledge is gained from operating the system and as new
capabilities and requirements are added.

In addition to the forecasting system’s six primary functions, the skillful incorporation of narratives and the
engagement of a broad audience through use of an open platform bring important enhancements to current data-
gathering and analysis methods. These techniques will help to create a truly next-generation forecasting system.

The Use of Narrative to Initiate Analysis

In its first report, the committee used a traditional model of forecasting to postulate a process: “When fore-
casting a disruptive technology, forecasters should use reasoned analysis and seek expert advice to understand
what are the required foundational technologies and tools to engineer a new innovation. Estimating the timing of
disruptive technologies requires an understanding of the sequence and an estimation of the timing of the emergence
of foundational technologies and enabling tools” (NRC, 2010, p. 15).

The participants of the November 2009 workshop commented that predicting the exact timing of the disrup-
tion was not critical. Instead, forecasters must understand the range of potential futures and paths that lead to
predicted futures. One of the major observations of the workshop participants was the importance of looking not
for technologies that would be disruptive but for compelling narratives of potential disruptive scenarios. After a
scenario is defined, the technologies or other elements that need to converge to enable the disruption can be imag-
ined. Importantly, scenarios do not have to be time-specific. They identify signposts to look for when gauging the
likelihood of a particular disruption.

It is important that the narrative be emotionally powerful, projecting the extreme fears and aspirations of a
society. To capture the aspirations of a society, it is important that it have regional representatives participate in
the creation of these scenarios and in the development of their corresponding narratives. The committee believes
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The

Output

Input

Output

Input

BOX 3-1
Narrative as Input and as Output

following comments were made by participants at the November 5, 2009, Persistent Forecasting

of Disruptive Technologies Workshop. The unedited workshop transcripts from which these comments are
extracted are provided in full in Appendixes D and E on the CD included in the back inside cover of the
report and in the PDF available at http://www.nap.edu/catalog.php?record_id+12834.

“l always tell my associates, ‘Don’t invest in any technology unless you saw it on Star Trek first
[because] . . . if you can’t find it somewhere in there, maybe it’s not worth the investment’
“Works of fiction or entertainment, movies, screenplay, television shows have to tell a compelling
story about the human condition. In science fiction like Star Trek, people create technologies to
solve problems in the story. The writers have to make up technology to provide a new option or
opportunity.

“If you can’t make . . . an interesting story about the human condition [from a technology], it'll
probably never come true.”

“The conversation we're having around narrative and stakeholders is . . . the most profound thing
we’ve been talking about in part because the capabilities required to do that well are actually
quite different than the capabilities for gathering information, collecting information, synthesizing
information, . . . [scanning] what's going on out in the world from a technology and adaptation
perspective. And then the ability to actually pull that together into a compelling, emotional narra-
tive . .. in a language that stakeholders are going to understand so they actually take action and
make decisions differently than they might otherwise, that’s quite profound.”

“I'd start with the narrative . . . and then derive evidence, then move my narrative as the evidence
tends to persuade me or others in different directions.”

“I think it was Norman who said do the narrative first and then fill in from behind. Maybe what we
should be looking for are the long-term successful narrators . . . who weaves successful stories
time after time after time that are technology built and how did they weave that? What was it about
their thinking that captured that future-to-come in the basic technology?”

“Several of us in this room had the experience of helping to create the world for the film Minority
Report. . . . One of the significant things about the film is how many times clips from that film are
used to communicate new products, whether it's Microsoft’s Table, new advertising systems, or
new scanning recognition systems. . . . Why did it work? We had a group of remarkable experts in
the room but what made it actually work was Spielberg put it in @ human context. . . . Everyone re-
members their own particular moment—the electronic newspaper or Tom Cruise chasing his eye-
ball down the ramp for the optical recognition system. It is the story in context that actually makes
those technologies come to life and probably accelerated the development of the technologies.

that those who are most likely to be affected by a disruption will write the most powerful scenarios and narratives.
The narratives created by these scenarios should be moving enough to catalyze change in policies and resource
allocation while describing the necessary technologies and applications that would enable the projected events.

See Box 3-1.

Observation. A disruptive technology forecasting system focuses on technological wildcards: innovations that
have a low or unknown probability of development but, if developed, would have enormous impact.
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Observation. Beginning the forecasting process with narratives of potential futures rather than starting with a list
of potential technologies produces more useful insights into possible outcomes.

Recommendation 3-1. The 1.0 version of a forecasting system should begin developing a forecast of future events
or conditions by constructing structured narratives describing disruptive impacts within a specific contextual
framework related to particular technology use. It should then use backcasting to roadmap potentially disruptive
technologies and the triggers that enable these technologies, and then iterate the mileposts for the narrative.

Narrative defines and constrains a problem. A customer might want to have an answer to a question like,
What is the chance that in 10 or 15 years there will be a way to provide troop transport that does not depend on
gasoline? The question sets a process in motion. Participants start thinking about potential futures, such as a future
in which the Armed Forces are not dependent on petroleum-based fuels. The next step might be using backcast-
ing to analyze which enablers would be used to reach this future. These enablers may or may not be related to
technology. They might include changing the use case for an established technology, the regulatory environment,
or market conditions (i.e., price of oil), or a shift in social attitudes, for example.

The narrative idea initiates a dynamic flow. From that narrative idea, analysts or participants generate hypoth-
eses, map and define potential scenarios of enabling technologies that could bring that future to pass, analyze
scenarios and technologies, and then iterate narratives and hypotheses with additional data. Nothing is thrown
away. Scenarios are kept and roadmapped with the necessary innovations, breakthroughs, and “miracles” that they
would require. Enabling technologies are identified, and thresholds, signposts, and tipping points are marked for
tracking. The system needs to mark these indicators and constantly scan for them. The threads that originate from
the main narrative are the start of a broader, richer collection of variations of the narrative, all of which are added
to the database and form part of the process. The richness of the ongoing story that unfolds defines the measure-
ments, signposts, and tipping points to monitor and track looking for a convergence of miracles—of technology,
social change, or other factors. The emergent signals will dictate where the narrative goes. The participants of the
workshop observed that there are currently no large databases in which such narratives can be stored, retrieved,
and used. This type of functionality could increase the likelihood of building successful forecasts of disruptive
technologies.

Observation. Many factors affect alternative futures, and it is important to understand that more than just tech-
nologies need to be tracked.

Observation. There are no dedicated forecasting repositories that can be queried for data organized in narra-
tives—potential future scenarios, impacts of a scenario, or implications of a scenario should it happen.

Recommendation 3-2. The responsible organization should develop a repository of narratives of potential futures,
organized both globally and by region, that include potential economic, technological, and societal impacts.

In a persistent system, the narratives can be continually iterated and new data can be fed back into the narrative
lines to inform and change them. Inputs generate outputs that become additional inputs as the storyline is furthered
and refined or modified on the basis of new emerging signals. Each narrative describes a single potential future
and can be used to generate a roadmap of possible events between the present and that future. The roadmaps are
published and then refined using an iterative process of generating new narratives and generating updated roadmaps
based on new signals and new scenarios. A useful output to the user would be to list the highest-impact narrative(s)
along with descriptions of enabling technologies, and what conditions occur for the narrative to unfold. Integral
to the impact of the technology is the context in which it is used and how it is used.

The use case for the technology is an important part of the narrative scenario. Unconventional uses of exist-
ing technology can provide disruptive effects as readily as new technology can. Use cases are a function of using
technology to solve issues faced by society or by a particular group of people. The context of that group—its
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BOX 3-2
Gearing Up and Gearing Down

The following are examples of forecasting narratives that might be generated to either gear up or
gear down technology:

* Gear down: Stefan Sparrow, an unemployed Ukrainian dockworker, designs a system using a
remotely controlled car and vodka that he then uses to start a string of attacks on shops across
Europe.

* Gear up: George Goose, a disgruntled postdoctoral student in the midwestern United States, uses
cheap based-pair replication technology and an understanding of plants to design weeds that are
resistant to current herbicides. He releases them into the wild, causing economic damage throughout
the Midwest.

values, ideas, needs, pressures, worldview, economics, culture, and traditions—influences the uses to which it
might apply a technology.

Technology can be “geared up” or “geared down.” To gear down is to use lower-level or earlier technologies
to solve problems (see Box 3-2). In the science-fiction series that starts with the book /632 by Eric Flint (2000),
a modern community in West Virginia is transferred (through a criminal act of artistic negligence by a futuristic
society) to Germany in the year 1632, during the bloody Thirty Years War. To adapt, the community must gear
down to technologies that can be supported in more primitive conditions.

Following is a real-world example of gearing down: The Irish Republican Army in the 1970s devised home-
made bombs using agricultural fertilizer; Semtex, a plastic explosive; and “shipyard confetti” (metal waste found
in the shipyards of Belfast) for shrapnel in guerilla warfare against the British Army. These improvised explosive
devices (IEDs), also known as roadside bombs, typically consist of an explosive charge (potentially assisted by
a booster charge), a detonator, and a mechanism that initiates the electrical charge that sets off the device. IED
designs are very flexible, using a diverse set of available materials to devise initiators, detonators, penetrators,
and explosive loads.

There is danger in the human psychological inability to deal with ambiguity and potentially shocking sce-
narios. The use of commercial airlines as weapons was contemplated by both the intelligence community and
novelist Tom Clancy years before September 11, 2001, but no forecasting system was in place to track enabling
factors or traffic that would have indicated activity along this narrative path (e.g., students taking flying lessons to
learn how to take off but not to land an aircraft). A narrative incorporating a strong use case would be a valuable
tool in convincing stakeholders of the possibility of the extreme scenarios that a disruptive forecasting system is
designed to help foresee.

Using an Open Platform for the System

Another important element reinforced in the implementation exercise for this report was that workshop partici-
pants considered openness to be critical for obtaining a diversity of inputs. The success of the system in uncovering
potentially disruptive technologies relies on the inclusion of participants with various levels of education and from
various cultures, classes, races, and age groups. Making this system a more open platform is a fundamental shift
from traditional Department of Defense (DoD) forecasting. Many of the participants believed that the system should
be open in every way—that it should have open analysis, open participation, an open loop, and open platform
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products that include live interactions. There could be parallel closed loops! for different users. For example, if a
forecast involved classified information about nuclear weapons development, a closed system could be run on a
classified network with strong access controls for cleared personnel only. The beauty of open-platform design is
that it is aligned with the explosion of Internet applications and social networking media development. It would be
critical to have participation be international, sourced regionally in the local language. Asking a native Chinese-
speaking participant a question in Chinese could elicit an answer different from that received when asking the
question in English due to changes in the participant’s comfort level, perception of the question, understanding of
the question’s meaning, or ability to use nuance. Fundamentally, soliciting participation across languages provides
access to different points of view. For classified forecasts, the committee believes that a similar system could be
built that could be used with a broad range of cleared participants.

Observation. It is critical to the success of any forecasting system to engage members of different cultures in their
native languages and in a familiar environment in order to reduce bias.

The system could be used as the equivalent of the wiki (collaborative Web site database) on best-in-class rep-
resentation of science and technology, a virtual portal on science and technology narratives of the future openly
contributed to, participated in, and drawn from. The membership would include those who are passionate about
the future of science as input to policy and postdoctoral students hungry for other venues in which to apply their
skills. If the outputs of the system are truly useful, they will provide the incentive for participation. The users
might include planning departments and venture capitalists.

Observation. A persistent forecasting system can be built to serve many different customers, providing a continu-
ously active and current forecast for users.

Observation. An open-platform forecasting system could generate a great deal of interest from corporate and
other international users.

Observation. A number of organizations are currently working on a next-generation forecasting system. Early
efforts by corporations such as IBM, SunEdison, and Shell should be closely tracked for insights and possible
partnerships.

To be successful, those setting up the persistent forecasting system would have to work hard to balance Western
bias against a wider worldview. This is explored in more detail in Chapter 4 of the first report (NRC, 2010). The
system would have to be cross-cultural, multidisciplinary, and multigenerational. It would have to reflect a wide
range of viewpoints of people, including those on the fringes of their societies. A challenge would be to include
regions and classes that have little or no Internet access but might well be important for establishing their values,
needs, and unique applications of lower-level or older technologies. The system set would also have to work to
balance any DoD biases. The committee believes that too much government control would impede the ability to
get broad participation and sponsorship. Separation of the internal and external teams could help bring together
the best talents and capabilities of government and industry (see Recommendation 3-8).

The operational challenges presented by an open forecasting system were discussed in depth by the participants
of the workshop. Consideration was given to several options, including a crowdsourcing approach to generate and
collect data, ideas, and hypotheses, combined with expert analysis of the information. Another option limited the
level of openness by inviting a large group of experts to produce forecasts, but with a far broader range of expert
participation than in a typical Delphi forecast. The outcome of the evaluation of the various options centered on
the concept of separate, interacting systems of open participation and closed use, with output fed back into the
system to create a persistent loop. It was agreed on by the participants of the workshop that openness can be more

IClosed-loop systems are more restrictive and could require prequalifications, including appropriate credentialing, before users were
admitted.
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easily incorporated using Web-based technologies and applications, but that Web-based technologies are not a total
solution in that a truly inclusive system would also engage people with little or no online access. Also, incentives
to participate will be an important part of setting up an open forecasting system.

CHARACTERISTICS OF A NEXT-GENERATION FORECASTING SYSTEM

While all of the models outlined in Chapter 2 had the essential elements discussed previously in this chapter,
the desired characteristics for the next-generation forecasting system will need to be defined both for the 1.0
system and for future spirals of development of the persistent forecasting system. Suggested characteristics include
mechanisms for continual learning, success metrics for participation, and success metrics for outputs.

Building Learning into the System

The forecasting system for disruptive technologies needs to be designed for ongoing evolution to improve
methodologies in all areas of sourcing, analyzing, and producing searches. While the frameworks outlined by the
committee should work, metrics are needed to define success and guide forward progress and direction of growth.
A learning system involves analyzing success against metrics for success to see what elements are enhancing the
system and what might be lacking. Data in the system would be segmented so that different parameters could be
measured—for example, whether contributions from different regions added insights more predictive of futuristic
trends than did inputs from within the United States. The value of different inputs, contributions by different com-
munities, or different methods can be evaluated and adapted. If a model like interactive gaming seems to result in
future visualizations, it could be used more extensively. If indicators show up in communities that are not currently
participating in the crowdsourcing, those communities can be invited to participate. If types of data are needed for
analysis, ways to find or track the data can be devised or built.

Recommendation 3-3. The forecasting system for disruptive technologies needs to be a learning system in which
midprocess system products are continually evaluated and used to refine concepts and methods, and final outputs
can be collected and compared over the long term to evaluate system processes and build expertise among staff.
The first version of the system should be thought of as a version 1.0, with the recognition that it may take succes-
sive phases of development to create a sustainable and useful platform.

Success Metrics for Participation

Early measures of success with respect to participation would include the establishment of a community that
draws broad participation and attracts funding for the value of its outputs, which consist in part of the input of
participants. One effect of engaged participation might be to train the next generation of forecasters and potential
decision makers on a new way to produce and use technology forecasts. If corporations use the system, it is indica-
tive of the value of the output. The success of the participation can be measured in terms of the following:

Global participation;

The quality and frequency of engagement, the quality of conversation or content, recurring subscribers;
Engagement with contrast, polarity, heat, conflict, and potential controversy;

Level of interest, community ranking;

Diversity of user population in terms of age groups, ethnicities, professions, and socioeconomic status;
External funding, receipt of grants;

The number of unsolicited narratives that meet criteria;

An improvement in the quality of forecasts over existing forecasts, unique and compelling forecasts that
are truly disruptive narratives from the fringes of possibility;

e The use of roadmaps that can be evaluated by users, rather than the use of predictions;
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e The education of policy makers to be more comfortable with how to navigate uncertainty and create advan-
tages; and
e The attraction of strategic partners.

The process is working when the system does the following:

Generates both scenarios and potential technologies that are different from the baseline;

Reduces unusual insights and potential insights into the impact of the technologys;

Anticipates new applications of technology;

Tracks signposts and signals as to whether they will make a difference;

Awards recognition to participants to drive more forecasts;

Produces novelty of narrative but also the breadth that encompasses silos, subjects, and disciplines that are

affected by the proposed scenarios;

Identifies signals and signposts for tracking and putting data into context;

e Identifies triggering or threshold data points to warn of potential conjunctions of events and to indicate that
an event is becoming more probable; and

e Produces actionable forecasts that support decision making, resource allocations, and scenario generation.

The more high-level topics that a narrative hits the more interesting it is and the more likely that a conjunc-
tion of events will occur.

Success Metrics for Outputs

The forecasting system should produce high-quality information that includes high-impact scenarios, critical
enabling criteria, scientific trends, trends in the signposts, and the representation of the environment of interest.
If the forecasting system works, it should increase ambiguity and uncertainty and stimulate more questions and
studies—one caveat being that ideas that challenge existing knowledge or touch on forbidden subjects may be
uncomfortable to some audiences. People are more comfortable with known risks than with unknown risk. There
needs to be some insulation between uninhibited inputs and analysis and the evaluation of the usefulness of the
outcome. Every narrative generated needs to be plausible but not necessarily probable. To be useful, narratives of
potentially disruptive events are more likely to be in the improbable category. They do not have to be right. They
would be valuable for opening possibilities in people’s thinking, anticipating disruptive scenarios, and providing
a useful framework for tracking the development of disruptive technologies.

Observation. Not every narrative needs to become a reality. In fact, it is an indicator of system failure if all narra-
tives come to pass. Narratives must pass a minimal test of probability and plausibility, but otherwise it is essential
that the collection of narratives push the edge of probability and believability. Focusing on narratives that are highly
aspirational or horrifying could stimulate discussion of extreme scenarios that could have the greatest impact on
the forecasting system.

Recommendation 3-4. Any forecasting system developed should be insulated to allow users to generate and
investigate controversial or uncomfortable ideas. Participants and staff should identify the reasons that an idea is
considered implausible and be able to understand what developments will be needed to arrive at that future. These
developments should become signposts on the roadmap of the forecast.

Another measure of success would be the effect that public use of content from the system has on the real
world, if a user or participant uses a scenario in the public domain to influence an action or decision. Longer-term
success might be measured in terms of whether the outputs of the system affect policy, engagement with Congress,
new technology concepts, or new applications of technology. Forecasting needs to change behavior to be success-
ful. The outputs must be structured to communicate to the user that the narrative is possible and the forecast is
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actionable. The information should be presented in a way that is compelling, inspires action before the fact, and
convinces people of the usefulness of the forecast.

The forecast generated from the system must be usable and informative to the user. The output of the system
is less about technology than about technology impact and use and about what applications could be enabled
with the technology. The structure of the final narrative would describe the impact of a confluence of technolo-
gies, events, and creativity and describe how the scenario was arrived at. The presentation should make the case
for the evidence that these events would be enabling and lay out the measurements of interest to monitor and the
signpost and tipping points to watch for to indicate that a scenario might be coming true. What are the trends in
the signposts?

Success measures for the output of the system include the following:

It demonstrates how a scenario affects people’s lives, how the scenario is a doable future;
It generates actionable outputs (the information is used);

It receives positive feedback from potential customers;

It generates value (might be intellectual, literary, as well as for future planning);

It has information incorporated into other organizations’ analyses, reverse citation;

It trains future policy leaders in the effective use of technology forecasts;

It causes new policies to be generated;

It survives: the system continues;

It improves the ability of decision makers to continuously ask the right questions; and

It reduces surprise.

Observation. Users of a forecast must have confidence in the quality of the underlying data and the analysis that
led to the forecast. Measures that reinforce confidence include data transparency and the availability of multiple
expert views. Success is measured not by how many accurate predictions are made but by the value of the insights
and what actions were generated to reduce negative surprises.

With a persistent, open-source, narrative-driven system, it is possible to look at a broader picture of potential
disruptions. With a repository for findings, possible scenarios, narratives, and every question asked of the system, it
is possible to ask the right questions persistently until it is asked at the right time. It is possible to revisit scenarios
with new data, to put pieces together differently, to mark which scenarios seem to keep coming up.

The system process is a broad radar. The narrative outputs can be more targeted for specific action and track-
ing. But the system could become more than just a forecasting system for future technologies. If successful, it
could be an interactive platform that could be used to generate new concepts, a source that allowed people to
flesh out and flush out ideas. It could provide data about how things impact other people around the world. How
the system is set up will be critical for creating that dialogue and fueling narrative generation, some of which will
become focused targets.

Recommendation 3-5. The forecasting teams should develop metrics of performance (i.e., for valuing and syn-
thesizing) so that the process can be controlled, optimized, and improved.

LAYING A FOUNDATION FOR SUBSEQUENT STEPS

The day after the workshop, the committee met in private to discuss the results of the model-building exer-
cises and discussions and to combine these results with the work of the entire project life span to project a set of
actionable recommendations that might benefit the sponsors. Out of the four proposed models, certain elements
were distilled into specific guidelines, which are described in detail in this section.

First, the committee strongly agreed that the human resource is key in making the proposed forecasting system
work. There will have to be a careful alignment of purpose, technology, participants, and resources to create an
optimally successful system.

Copyright © National Academy of Sciences. All rights reserved.



Persistent Forecasting of Disruptive Technologies--Report 2

58 PERSISTENT FORECASTING OF DISRUPTIVE TECHNOLOGIES-REPORT 2

Recommendation 3-6. The Department of Defense and the intelligence community should begin the process of
building a persistent forecasting system by selecting leadership and a small, independent, development team. The
team should be given seed-level funding to establish an organizational structure and business plan and build a work-
ing 1.0 version of a disruptive technology forecasting system. The organization should have to attract additional
funds from domestic and foreign corporate, nonprofit, or government sources.

Structural Options

The range of options for the organizational structure presents a question of governance. Determining the gov-
erning structure is outside the scope of the committee’s task, but the committee looked at some of the questions
that would need to be answered. A small, motivated, start-up group of people would have to be responsible for
refining the methodology, determining who the participants are and how to provide incentives to motivate them,
identifying what partners to seek out, and creating a business plan. The start-up group should consider asking itself
some fundamental questions such as the following:

e If there is an outside and an internal group, what is the synergism between the two?

e What are the pros and cons of the various options and possible barriers?

e What are examples of successful groups using various models (e.g., public-private partnerships such as
Sematech and In-Q-Tel)?

e How will the structure impact participation, governance, and funding?

e How does an organization develop a persistent business model that matches its persistent forecasting
mission?

Recommendation 3-7. The Department of Defense and the intelligence community should consider using a sepa-
rate, independent, multinational, multidisciplinary nonprofit or dot-org group to run the crowdsourced platform.
The organization should be structured correctly from the beginning to ensure trust and good working relationships
among staff. The crowdsourced platform should have its own separate governance with leadership representing
multiple ethnicities and disciplines.

As stated in Chapter 1 in this report, the workshop participants suggested that the organization of the open-
platform system needs to be separate from the organization inside the DoD that would deal with evolving scenario
information on a classified basis. This thought of two systems and the importance of not having bias was discussed
in detail in the first report (NRC, 2010). The team inside the DoD would be independent but would collaborate
with the external organization.

Recommendation 3-8. A forecasting system should have two separate teams, one team working on the open
external forecasting platform and another team developing an internal forecasting platform that services specific
needs of an organization. The external team should encourage broad and open participation and exchange of ideas
and scenarios from a broad range of participants and experts. The internal forecasting platform should address
scenarios that are specific to the organization and may involve sensitive, proprietary, or classified scenarios and
data that it is only willing to share with trusted parties.

In the case of the Department of Defense, there are a number of possibilities for how to structure this arrange-
ment: a joint venture between the government and a private entity, a joint project with another intelligence orga-
nization, partnership with an analytical institute, a contract with an existing forecasting group, a request to the
National Science Foundation to sponsor it, a consortium, the creation of an independent nonprofit organization,
the establishment of a research organization entirely outside of government such as a multidisciplinary univer-
sity research initiative (MURI) at a university, a program sponsored by the Defense Advanced Research Projects
Agency, or some unconventional approach. In the Institute for Analysis partnership with the DoD, the Institute is
the external face, so it can do many things that the DoD cannot. Another possibility would be partnering with a

Copyright © National Academy of Sciences. All rights reserved.



Persistent Forecasting of Disruptive Technologies--Report 2

ANALYSIS AND FINAL THOUGHTS 59

museum or network of museums that backcasts using science and technology. For the DoD user, the outside orga-
nization broadens its reach and vision. Connecting with academic, research, and commercial communities would
be an early success for the DoD user that would improve on using stovepiped lists of emerging technologies. The
DoD can subscribe as a shadow organization through the open platform.

The concept of a crowdsourced community for forecasting in itself is disruptive. On the one hand, the bipolar
nature of the concept is that some of the hypotheses being generated could be about how to disrupt the United
States or about the discovery of highly disruptive technologies that could radically change the world, and that these
hypotheses would be discussed in public forums. A private partnership might be a way to mitigate some of that
effect. On the other hand, the crowdsource is an opportunity to force a level of accountability on decision makers
to deal with and prepare for highly disruptive scenarios.

There are several ways to get the system organized. One way would be to have a sponsor’s internal staff work
with trusted external contractors to find the necessary people to form a start-up committee, similar to the way that
In-Q-Tel was organized. A second way would be to find one person who would be the organizing chief and let
that person find the start-up committee. Finally, a third way would be to put out a broad area request for proposals
and then allow the winning proposal to form the start-up committee.

The start-up committee would have to define the structure for the persistent system, with recommendations
for how to interface with whatever user organizations participated in the open platform and how those organiza-
tions might use the output for future planning. The relationship between organizations would need to be defined.
Would staff of the open system simply maintain the system and allow the work product to be solely open-source-
derived, or would the staff “add value” by doing analysis and generating internal narratives, hypotheses, needs,
technology, and uses that run parallel to the crowdsourcing process? The participants of the workshop believe that
the advantage of this crowdsourcing, persistent approach is the use of an iterative process in which new ideas and
forecasts are generated through crowdsourcing and live data-gathering activities, followed by concept refinement
performed by experts. This balance will have to be worked out. The strengths of other analytical methodologies
can be used to complement the strengths of a crowdsource system.

There might be a need to define a particular structure or structural interfaces for user organizations. Demo-
graphic information might be required for participation. Regardless of who the members are, they will have their
own internal mechanisms for reacting and responding to the open system. The outside groups might generate
ideas, but the inside groups will have to decide what is relevant to them, redesign and interpret narratives for their
own purposes, and put them back into the system as inputs. The start-up committee would need to consider sus-
tainability in the structure for a persistent system that should be able to keep going without being shut down by
any one participant. The structure of the narratives has been referred to often in this report, but it might be useful
to design a format for narrative. The start-up committee might decide to backcast data to test for verifying and
validating and refining the methodology.

The start-up committee would have to be clear about the following:

Who the initial sponsor(s) would be,

What the sponsor(s) want and how they will be educated about what they will get from the system,

The expected time frame to build version 1.0,

Measures of success for performance and metrics for signaling refresh, and

An investment plan and the discipline to carry it out: a large budget will be insufficient if not well
implemented.

Resources

The initial development team should be small and carefully selected to ensure that the members work with
the efficiency and flexibility needed to successfully develop a complex software system with limited resources.
The team leader catalyzes both the forecasting process and the development of the system. He or she should head
a core team of up to 12 subject-matter experts to guide analysis.

The estimated software application requirements will be defined or designed and given cost estimates. The
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participants of the workshop and the committee members believe that the cost of the effort, including building
the 1.0 version and the ongoing maintenance of the system, would be between $5 million and $10 million. The
team would be responsible for managing the initial seed funding of $1 million to $2 million and promoting the
system to other potential users and investors to attract the additional funds needed for the long term. See Recom-
mendation 3-6.

How the System Might Be Implemented

After completing the model-creation exercise and reviewing the work of the three workshop subgroups and
Stan Vonog’s proposed fourth option, the committee discussed a common vision of what a forecasting system
would entail and the experience that it would provide to the user.

A user can either post or select a narrative to follow. The user can rate the hypothesis generated from the
narrative (the equivalent of Facebook’s user rating “likes this” but with numbers) or join a discussion thread that
contributes posts, which are flagged as technologies, uses, progression, or synthesis. This input is used to help
flesh out the signals, signposts, enabling technologies, or whatever else is needed for a scenario to be realized
and to identify potential intended or unintended “off label” uses and outcomes. The final step is writing, reading,
rating, and commenting on output narratives and impacts.

Identified needs, technologies, or narratives are evaluated during process analysis, both for their potential
importance and for their “oddness,” or distance from mainstream sources of innovation. The desired area of focus
is on the outliers in a normal distribution curve of likely emerging technologies, or on an abnormal distribution.
Distribution analysis could be applied by demographic groups, and concordance between groups could be estimated
with confidence intervals. This moves toward convergence and divergence and identification of “heretics.” Once
rated, entries of interest can be used to look for their uniqueness or recurrence/convergence in the system using
an algorithm similar to those employed by plagiarism-detection software, which would tabulate the repeated ideas
and associated demographic data. The level of automation of this system could be quite complex, with high and
low thresholds of perceived importance selecting the text to be run through the convergence/divergence engine.
The system could also use a timed process to run previously identified topics periodically to see if new inputs
change the analysis of previous dated inputs. This process could be mirrored by the organization’s internal staff
as allowed by the organization’s structure and mandate.

It is equally important to separate the geniuses and heretics from the charlatans and the “crazies.” This is
especially true when a system relies on crowdsourced information. One approach is to use experts to roadmap
scenarios through techniques such as backcasting to see how an alternative future can unfold. These roadmaps
should be checked to see that they do not violate a specific law of physics. Only scenarios that can be roadmapped
should be considered actionable. Relevant scenarios should be reviewed again if there is a significant breakthrough
in science that might make possible an outcome previously assumed to be impossible. These scenarios should then
be roadmapped on the basis of new knowledge.

As the committee discussed, a rating scheme built into the system would allow at each stage of the process
for peer evaluation that can be fed back into the system. The danger is a ranking or rating system that starts to
bias the input, intimidate users, or alter the direction in the building of the narratives. It might be possible to rank
the value of a particular user’s contribution without creating a situation of “voting” on the most popular outcome.
That would be the wrong bias on output. It might be necessary to designate some information for internal use only
in order to avoid bias but still to have data needed for analysis.

To have the quantifiable and research-enabling inclusion of a diverse user community, the system might collect
demographic data when a user opens an account. The data should include country (and possibly country of birth or
upbringing), age, economic level, educational level, field, and level of expertise in that field. Contributing groups
might have a consensus level of expertise. If demographic data are identified, it will be possible to measure the
difference in value ranking of narratives coming from U.S. residents in comparison to non-U.S. residents, as well
as to measure other important demographic distinctions. See Table 3-1.
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TABLE 3-1 User Demographic Information: Examples of Useful Participant Demographic Data

Demographic Data Description

Country Of origin, raised in, citizen of, current residence, secondary residence

Economic level (annual income range) Keyed by country to match five income levels: low, low-middle, middle, middle-
high, high

Educational level No school, primary school, high school, years of college, advanced degrees,
doctorate

Field, level of expertise Expert in field (field), generalist (fields), lay person (fields of interest). Labeling

could vary for different fields.

Goals for Version 1.0

To ensure a robust foundation for a persistent forecasting system, version 1.0 should have seven fundamental
goals:

Broad international and regional participation;

A broad range of future scenarios, including many improbable but possible alternative futures;

The narratives that tell compelling stories, highlighting the impact on society;

Backcasts developed by experts with credibility in their respective fields;

Robust and actionable roadmaps that illustrate how the present can develop into a potential future, indicat-
ing potential signposts, important observable signals, and tipping points;

The use of roadmaps for the ongoing tracking of disruptive technologies; and

7. The use of the forecasting platform by entities other than the U.S. federal government, including other
governments, corporations, and organizations.
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These goals should be reviewed regularly during both the development phase and deployment phase of ver-
sion 1.0. The forecasting team should also develop midcourse evaluations and make midcourse corrections based
on the ability of 1.0 to achieve these goals.

CONCLUSION

Forming a successful forecasting system for disruptive technologies is a task with several inherent challenges
that are both a direct result of the new explosion of information exchange brought about by the ubiquity of the
Internet and suggested solutions to the challenges posed by it. High-quality data must be collected in quantity,
organized, and contextualized to be made meaningful. As demonstrated by the work performed at the Forecasting
Future Disruptive Technologies Workshop and previously by the committee, there are many different strategies
that can be used to meet this goal. This hitherto mostly uncharted territory should be approached with an open
mind, a willingness to adapt, and confidence.

Recom