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The conventional wisdom on the accelerating rate of technological change 
is a truism, and might actually be truer than we realize.1  In many respects, 
the changes to the fabric of daily life witnessed during the years from 1801 
to 1900 were more fundamental than those occurring during the subse-
quent century from 1901 to 2000. But the 19th century’s transformation was 
largely predicated upon political, social, and technological changes that had 
occurred during the preceding 18th century.  While one must always be wary 
of historical analogy, the next 100 years may well witness a similarly breath-
less degree of change, this time based on the political, social, and, above all, 
technological changes that have taken place during the past 25 years.2  
 
Continuous Change Becomes the New Constant 
 
   We are entering a world where the way people think and behave will be 
affected by discrete changes in emerging areas of technology as well as by 
the very dynamic of a continuous and accelerated process of change on all 
fronts.  The phenomena of transformation, by their nature, deprive us of 
rules of thumb and past experience as guides.  This is true for both the pri-
vate life of the individual and the public life of the nation, thus exerting a 
powerful force on traditional structures and modes of governance. Key 
emerging technologies will, in themselves, present unprecedented chal-
lenges for governments to address.  Another challenge is the constantly 
changing technological basis for all our society’s interactions. 
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   In the broadest terms, the emerging technologies possessing the most 
prospect for transformation are: 1) electronic communications and compu-
tational ubiquity emerging from the information revolution; 2) human ge-
netic and proteomic manipulation, biometrics, and bioinformatics; and, 
somewhat more prospectively, 3) developments in nanotechnology.  This 
third area is the analog in the physical world to the small-systems ap-
proaches provided by the first two to the information sphere and biosphere 
respectively.  Each technology has the common characteristic of potentially 
changing correlations of forces by leveraging the actions of relatively small 
groups of actors while providing a field for potentially important new en-
trants in the policy realm (corporations, nongovernmental organizations, 
etc.).  Francis Fukuyama, Caroline S. Wagner, et al., for example, further cite 
as the common hallmark of these fronts of technological change the chal-
lenge raised by each in supporting or even impelling a shift from collective 
control and hierarchical decision making to individual control and decision 
making.3 
   This suggests the existence of two broad currents among contemporary 
trends.  The general one is the institutionalization of continuous innova-
tion.  Prodigious intellectual and economic resources are employed full-
time to guarantee that tomorrow will not resemble today.  More specifically, 
if the three areas discussed above achieve the prospects presently foreseen 
by their practitioners, the future transformation to the fabric of our public 
and private lives will be fundamental.  The confluence of these trends, to 
the extent they continue and materialize into fact, will considerably strain 
the ability of governments and governance structures to guide the devel-
opment of these technologies and address the outcomes ensuing from their 
development (or even perceive where the public’s interest lies). 
 
Emerging Technologies and Government Operations 
 
   The interactions between technology and governance are already com-
plex.  Government will ever more frequently be required to develop and act 
upon concepts for operations in areas increasingly defined by the new ca-
pabilities conferred by emerging technologies and the accelerated pace at 
which they appear.  These technologies, in turn, will affect the nature of 
governance and, in some instances, the operational side of government.  
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For example, how can government take advantage of an increasing ability 
to outsource functions while not compromising the confidentiality of in-
formation? In other areas, fundamental issues of policy will be raised.  For 
example, transformations brought by genetic manipulation and the biologi-
cal revolution will probably provide the greatest challenge to the ability of 
government to understand and match the pace of change.  This area will 
most directly affect traditional concepts of governance because of its sub-
stantial ethical implications. 
   It is clear that these emerging technologies and the implications ensuing 
from their development and application should be very much the concerns 
of those federal agencies with clear science and technology mission man-
dates.  These agencies include the National Aeronautics and Space Admini-
stration (NASA), the National Science Foundation (NSF), the National In-
stitutes of Health (NIH), and coordinating and deliberative bodies such as 
the Office of Science and Technology Policy, the National Science and 
Technology Council, the National Science Board, and the President’s 
Council of Advisors on Science and Technology.  Just as we have seen the 
traditional “smokestack” industries begin to be transformed by the digital 
revolution (as embodied by the triad of microelectronics, telecommunica-
tions, and sensor technologies), so too we are beginning to see the more 
traditional governmental functions (such as those performed by the De-
partments of State and Justice, and certainly Congress) confronting the im-
plications of emerging technology and ceaseless change.  It is not so much a 
question of whether government will choose to avail itself of new capabili-
ties made possible by emerging technologies, but how and how well.  In-
deed, emerging technologies will generate profound changes in the struc-
ture of governance itself. 
   Government and its operations must be a part of this sweeping change or 
risk its ability to function credibly.  To what extent can we find ways for 
emerging technologies to enable government to fulfill its traditional role in 
this new environment—as well as those roles newly thrust upon it? 
   Addressing this question requires shifting the focus from technologies to 
the basic functions of governance.  In broad measure, the legitimate pur-
view for government operations in the American system has been to ensure 
the viability (“protect and defend”) of national political and economic insti-
tutions.  As a practical matter, meeting this goal requires: 
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� allocating funds to public purposes and then responsibly managing 
their expenditure; 

 
� monitoring and regulating private activity in the interest of a com-

monly conceded public benefit; and  
 
� either setting national agendas or providing the occasion for agenda-

setting activities to occur. 
 
   This view, in turn, suggests a series of operational challenges to effective 
governance.  Many of these challenges arise from technological change that 
may affect how well these principal government roles are performed.  In 
particular, risks lie in the following areas: 
 
1. We see a growing divergence between time cycles of government and 
those of technology development.  Quite simply, this presents government 
operations with a Hobson’s choice: Either live within a shorter response 
time and run the concomitant risk of ill-considered actions (or inactions) or 
see government input become less relevant and assume reduced stature. 
 
2. The risk of insufficient access to information is large.  This goes beyond 
the problem of gaining awareness of and collating relevant data series.  A 
related and in many ways more problematic issue is that of managing and 
accounting for data and other knowledge resources.  There is then, of 
course, the central task of analyzing and providing an interpretation of the 
data.  These issues are already of concern and will increase in time. 
 
3. Moving toward more operational issues, public sector actors must face 
the issue of identifying and mobilizing means for effective and appropriate 
action.  For most issues, we have a choice among a series of alternative pol-
icy approaches.  It will not be trivial in many cases to gauge which is most 
appropriate, given an environment defined by the scarcity of rules of thumb 
and previous experience to draw upon.  Briefly, government measures may 
take the form of direct actions (e.g., deliberate choices for investment or 
subsidy and other agenda-setting actions), indirect actions (e.g., changes in 
taxation policy), the provision of auspices and venues (e.g., chairing meet-
ings of potential user and producer entities at the pre-competitive stage of 
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technology development to discuss issues of standards, etc.), and activities 
related to active information gathering and dissemination. 
 
4. Determining the appropriate sphere for government action is also likely 
to become a less clear-cut decision.  Again, the potential ubiquity of out-
comes ensuing from a variety of technology developments will multiply the 
number of direct stakeholders and interest communities as well as touch on 
matters of public interest.  But beyond this, we might also consider that the 
government sphere is largely defined today by fundamental predicates of 
geography and biology.  Both of these become more open to question as 
technological change creates virtual proximity and promotes alternative af-
finities on the one hand, and, on the other hand, carries the potential for 
altering fundamental assumptions about human nature, needs, and proclivi-
ties.4  Deciding when government attention is warranted, the form such 
attention takes, and the timing of that attention will be increasingly tough 
calls to make. 
 
5. The cross product of the first two points raises another issue of opera-
tional concern, namely how government bodies assess and measure per-
formance in how well they have carried out their role.  Agencies that fund 
research have already been grappling with how best to implement the pro-
visions of the Government Performance and Results Act (GPRA).  This is 
likely to grow as an issue for two reasons.  One is the ubiquity of acceler-
ated technology development and the implications for the mission portfo-
lios of funding agencies that do not support science research and develop-
ment (R&D).  The second reason is because these agencies will desire to 
implement more managerial approaches to their daily activities, and assess-
ment will be an important part of these approaches.  
 
6. Worthy of explicit attention, but usually remaining only implicit in most 
considerations, is the issue that underlies so many of the forces bringing 
about the challenges listed above: the challenge of managing under uncer-
tainty.  This will be treated at length below. 
 
   What are the solutions that might address this list of growing challenges 
for governance?  Some common themes of potentially desirable capabilities 
appear to run through this list.  Each challenge suggests the need for access 
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to information and the ability to interpret and analyze that information.  
Beyond this, in each instance, we need procedures for utilizing such infor-
mation to further public goals.  Finally, and perhaps most challenging, we 
need tools for thinking through governance objectives and navigating to-
ward them.   
   The balance of this chapter will offer a few suggestions for applying 
emerging technologies to government operations either to sustain those 
operations in a new environment or to confer new capabilities so institu-
tions of governance can meet these new challenges.  In each instance we 
face three alternatives.  We could, either by volition or default, fail to avail 
ourselves of new technology-based means.  Or we may choose to employ 
such means but only as an overlay on existing patterns and procedures of 
operations.  A final course would be to re-engineer fundamental ap-
proaches in the light of new technology-based possibilities.  Our general 
experience with new technology adoption is that only the latter course de-
livers full value.5 
 
Tools for Information and Communication 
 
   As we have noted, many of the governance challenges raised by techno-
logical change in general and developments in disruptively revolutionary 
technologies in particular depend on accessing and communicating infor-
mation.  In the short term, we can consider several areas that can improve 
the operations of government in such circumstances. 
 
Information Technologies that Better Utilize Data 
 
   It is (by now) a common view that our times are coming more and more 
to be characterized by the quantity of information being generated and 
shared.  Timely access to quality information has become a prominent de-
terminant of success in many fields for both individuals and organizations.  
We have a significant opportunity to enhance the value of government ser-
vices by taking advantage of developments in the technology of informa-
tion storage, access, search, and transfer.  Doing this could significantly en-
hance the fiscal management operations of government as well as leverage 
and better coordinate government investment. 
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   Many areas of traditional government operations could be transformed by 
applying information technology.  For example, consider the area of infor-
mation on science and technology.  This example is apropos both for the 
subject of this discussion and because of the unique character of the federal 
R&D effort.  One is hard pressed to name other vital federal government 
functions in the discretionary part of the budget that cross so many execu-
tive agency and congressional committee lines.  It is hard to think of any 
parallel federal activity that has such importance and such broad involve-
ment of so many agencies.  And if this were not enough, the R&D planning 
problem needs not only to be funded, managed, and administered across 
the  government,  but  also  to be  applied  across  quite  disparate  fields  of 
science. 
   The demand has long existed for information that is more readily avail-
able, more integrated, and more usable on federal R&D efforts.  In this and 
other areas, we need ways to support “smart” searches of bibliographic in-
formation by individual users; software systems that permit querying vari-
ous databases and provide coordinated responses without needing to build 
a new, central database; and ways to parse information in a tiered system to 
meet the needs of users with varying requirements and levels of technologi-
cal sophistication. 
   The RaDiUS (“Research and Development in the U.S.”) system, main-
tained jointly by RAND and NSF, was intended as a tool to meet the need 
for viewing crosscuts of federal efforts in specific areas of research across 
agencies.  But it might best be viewed as a model for similar systems that 
could be developed for other areas of governance.  It combines an intelli-
gent search engine and user interface with an ability to browse across data-
bases maintained by different mission agencies, each with its own standards 
and format.  It does this without imposing a uniformity that would have 
interfered with the functionality of those databases for the individual agen-
cies. 
   The value of such tools in enhancing the operations of government agen-
cies could be seen in several ways: 
 

� enhancing the efficiency of information gathering and production;  
 

� achieving synergy by combining different databases, and subsequently 
leveraging government information assets;  



STEVEN W. POPPER 
 
 

 

90 

� increasing the timeliness of delivery;  
 

� ensuring wider accessibility;  
 

� multiplying contacts between individuals and authoritative experts, 
thus increasing the density of information-sharing networks; and 
 

� increasing the ultimate effectiveness of information utilization. 
 
   Note that RaDiUS does not rely on special R&D data; it uses the opera-
tional databases of each agency.  Similar systems could be created with the 
same technology to address other areas of government operations.  
   Such systems, enabled by emerging technology, should be recognized as 
advances in instrumentation.  The history of science demonstrates the key 
role played by such technical advances in conferring an ability to draw new 
views of the world and its possibilities.  The benefits that would accrue 
would certainly affect information flow between government and citizen, 
but would also profoundly affect information sharing and decision making 
within the government. 
 
Improved Communications between Public and Private Sectors 
 
   Closely allied to the theme of information flow is the issue of e-
communication between citizen and government.  All agencies and Mem-
bers of Congress have now embraced, to one degree or another, the use of 
e-media.  But what about “retail” communications, in which one party initi-
ates communication that contains specific information targeted to the other 
party (usually an individual)?  Clearly, this is a large topic.6  Many issues 
must be addressed relating to standards, costs and their allocation, security, 
the legal status of electronic communications, access across the “digital di-
vide,” technological barriers, and problems with social acceptance.  Yet for 
government operations involving significant amounts of personal commu-
nication, e-mail (broadly defined) can lower costs, improve service, acceler-
ate the “wiring” of the United States, and meet increased public demands 
for such options. 
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   This prospect is certainly worthy of further exploration.  To better under-
stand the possibilities as well as the challenges, governments at all levels 
could begin to take preliminary steps.  First, possible avenues for such per-
sonalized communications could be identified and catalogued.  Some com-
munications may be simply sending messages while others might address 
more complex actions.  Some may be best facilitated by filling out fixed-
field forms, while others might require more free-form formats.  At the 
same time, facilities and standards for ensuring varying levels of security 
could be explored with the specific view of supporting the types of poten-
tial communications identified by agencies.  A regulatory and legal frame-
work similar to the one that applies to postal mail should be crafted for this 
medium as well.  And most especially, we must begin now to consider the 
problem of access and inclusion for the “unwired.”  A system of national e-
mail addresses might be considered that would integrate with the existing 
system of domain names but also provide at least the potential for access to 
all.  Few steps currently available would more directly enhance both the 
perception and the fact of government responsiveness in a faster-paced 
world. 
 
Internet-Based Public-Private Policy Forums 
 
   When it comes to agenda setting and regulatory activities, many aspects 
of government operations require interaction with the general public, 
stakeholders, and possessors of information and expertise.  This will in-
creasingly be the case as rapid technological development transforms all 
aspects of our society.  A consistent message from several recent interview 
projects has been that a process that generates discussion, creates connec-
tions, and permits feedback would be of immense value in several realms.7  
Yet, the practicalities of engaging in such government-public panel discus-
sions, even at the most general level, are a serious obstacle to utilizing these 
auspices. Opportunities are being missed because of the missing links in 
this chain of communications.  The very exceptionality of such govern-
ment-public discussions and forums has proven to be an obstacle to mak-
ing such interactions more meaningful and organic to the structures now in 
place in both business and government.  Expense and logistics are principal  
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barriers as well, hence deliberations remain relatively narrow and episodic 
rather than ongoing, and somewhat divorced from day-to-day processes in 
either business or government. 
   This presents another opportunity to link the trends of the computer and 
telecommunications revolutions to effect profound change at low cost, and 
to make a more drastic revision of the process than could have been con-
templated previously.  Web-based media can now support a wide variety of 
public-private panels in various areas of policy.  We can conduct asynchro-
nous, virtual panel discussions on a wide range of technical or policy issues.  
Several such panels could address different levels of concern.  Web-based 
tools would not only permit discussion but also provide common access to 
widely available data sources and even to software tools embedded in the 
sites.  These resources could be used to facilitate discussion and even per-
mit these panels to be transformed from discussion groups to working 
groups.  Such a tool, called a “hyperforum” (in the format first explored by 
researchers at the California Institute for Technology, RAND, and World 
Resources Institute) has been used several times in the course of project 
work and elsewhere.8 
   This vision encompasses not only wider participation but perhaps more 
meaningful participation as well.  These Internet-mediated means would 
provide a flexibility that would obviate the need to drive too early to a pos-
sibly artificial and format-constrained consensus (as do, for example, stan-
dard Delphi approaches).  The process could, instead, consider more widely 
the participants’ alternative views of the further course and direction of a 
wide range of topic areas, especially those characterized by uncertainty and 
complex ranges of opinion.  In addition, the reformulated process would 
reinforce the practical value of the ultimate product.  During the course of 
such a hyperforum, lines of communication could be built or strengthened 
both vertically and horizontally, making implementation of any practical 
findings less burdensome. 
   Applying this emerging technology to supplement, or enhance, traditional 
government operations would fulfill several objectives by creating: 
 

� a broader base of discussants, enhancing enfranchisement and “buy-
in”; 

 
� more iterations and more time than a physical setting provides; 
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� support for both large-scale and one-on-one interactions; 
 
� horizontal and vertical connectivity; and 
 
� ultimately, more interactions leading to more cross-fertilization of 

ideas. 
 
   The technological reality of this vision could be quickly achieved, but the 
theoretical and social underpinnings would need more research.  (In certain 
respects the technical means at our disposal have outpaced our understand-
ing of how to apply them.) We would have to reexamine the cognitive psy-
chological aspects of how groups function in order to translate this interac-
tion to an entirely new medium.  The initial use might not be as a fully 
functional framework but as a tool to augment other, more traditional, ap-
proaches for drawing in wider participation. 
   Despite teething problems for this new technology, the prospect places 
within reach a heretofore absent mechanism for sharing experience.  It 
provides an avenue for evolving reflection by individuals and the larger 
group or groups, enabling users to examine side issues without running the 
risk of derailing the main effort, and placing the means to define and craft a 
collective vision at the disposal of participants.  We can have an ongoing, 
meaningful engagement among people from government, industry, and 
universities.  The technical means to transform the traditional conduct of 
government activity and apply this technology to the workplace would also 
elevate the quality of public policy discussion in many fields. 
 
Navigating and Managing under Deep Uncertainty9 
 
   It is both an obvious and a subtle point: The principal challenge to gov-
ernance in the midst of technological change is uncertainty.  The biggest 
anxiety for conducting government operations is anticipating future condi-
tions—and the awareness of the likelihood of surprise.  Many of the opera-
tional challenges for government listed above revolve around the problem 
of how to conduct actions and  craft policies that address a future that can  
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be only dimly perceived.  As this condition becomes less the exception and 
more the rule, we need means for conducting government operations that 
explicitly recognize this uncertainty, rather than try to assume it away. 
   It is remarkable how infrequently the problem of managing under deep 
uncertainty is openly expressed.10  Yet this uncertainty captures the most 
troubling aspect of governing in the presence of continuous technological 
change.  This becomes even more the case when considering the implica-
tions of revolutionary and disruptive technologies for our political, social, 
and economic institutions. 
   Our lack of knowledge about future outcomes (or even technological 
pathways) is not a failure of due diligence on our part.  Rather, it is the es-
sential concomitant of the process of technological change.  Many exercises 
worldwide in technology foresight, technology road mapping, and technol-
ogy assessment either 1) fail to acknowledge this inherent uncertainty, or 2) 
are, at least tacitly, perceived by the participants and their government 
agency sponsors as being exercises in reducing uncertainty, or both.  This, 
in turn, leads to an illusion of control that undercuts both the practice and 
the effectiveness of governance under these conditions. 
   A fundamental function of government is to draft and consider policy.  A 
case can be made that a considerable amount of policy and operational de-
cision making by government bodies is made under conditions of deep un-
certainty where predictions are not possible.  Different stakeholders will 
impute different future values to variables of central importance.  (“What 
will be the budget surplus/deficit in FY 2007?”  “Will the funding of Social 
Security and Medicare be adequate to the needs of 2021?”  “What will be 
the extent of global warming in 2045—and how will this affect the global 
economy?”  “What are the likely economic effects from the next 20 years of 
nanotechnology development?”) 
   The standard practice is to generate forecasts, predictions, or other forms 
of best guesses to allow the policymaking and governance process to pro-
ceed.  The technology for generating such analyses depends principally on 
scenario techniques, quantitative analysis and forecasting, and, more usually 
elsewhere than in the United States in recent years, Delphi approaches.  
Each has its own particular strengths and weaknesses.11  All carry the com-
mon drawback of attempting to be predictive.  Yet, both the generators of 
such  information and its  ultimate  consumers  would  be astonished to see 
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the future actually unfold in the manner forecast.  And none succeed in di-
rectly addressing the real needs of those charged with the tasks of govern-
ance. 
   In support of policymakers, the issue is not one of being better able to 
predict the future.  This will not occur.  Rather, the fundamental question 
is, “given that we cannot have reliable predictions of future outcomes, how 
do we conduct ourselves today in selecting the best option for action 
among the alternatives we have available?” We need new technology to 
support decision making under these conditions. 
   We have all become aware of the technical advances in computing tech-
nology encapsulated by “Moore’s Law,” which says that computing capacity 
doubles approximately every 18 months.  (It is, of course, less a law and 
more a vision that has been more than amply fulfilled by the ingenuity of 
scientists and technicians in this field.) What is not as commonly under-
stood are the possible implications of the resulting “ubiquitous computing” 
in which we are surrounded by an embarrassment of computing riches.  In 
particular, this situation, already present in its earliest form, has implications 
for several aspects of government operations. 
   In the face of deep uncertainty, policymakers (and humans in general) 
wish to operate in an adaptive manner.  That is, they craft plans through 
processes that are less deductive than inductive.  They plan on knowing 
more tomorrow than they do today.  And they conduct themselves in such 
a manner as to create options for taking later advantage of updated infor-
mation.  Further, they naturally gravitate toward solutions likely to be ro-
bust across a wide range of alternative plausible outcomes.  That is, the tac-
tic is often less one of maximizing behavior conditioned on a particular set 
of circumstances, than selecting among a set of “good enough” actions the 
one most likely to remain good enough across a wide range of plausible 
outcomes. 
   When decision makers turn to the analytical community, however, this is 
not the support they receive.  Currently, the attempts to reason through 
such futures, determine options, and craft policies are supported by analyti-
cal tools developed in the days when computers were scarce, computing 
time dear, and memory virtually nonexistent.  These techniques almost uni-
versally demand a single-point prediction and then develop some optimal 
“best-guess” solution around which strategy or policy is then crafted.  (As a 
corollary, in most cases, people assume the existence of a unitary decision-
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maker taking a once-and-for-all policy stance that will stay the course from 
today until the period being considered.  This is not characteristic of our 
present political system and adhering to this concept for governance action 
would lead to increasing contradictions with the environment in which 
public bodies must act.)  Thinking this way constrains policy choices, disen-
franchises certain categories of knowledge and other information inputs, 
and leads to confrontational debates centered on arguments over which 
currently unknowable fact is most likely to prove true.  In reality, searching 
for robust solutions (which naturally occurs as more and better information 
becomes available) takes place outside the framework of objective, fact-
based analysis.12 
   In an environment of ubiquitous computing, however, new methods be-
come available.  We can move away from the model of using computers as 
glorified calculators, which are turned to only after humans have expended 
considerable effort in reasoning within the problem space.  We can replace 
that with a model in which computers are integrated into the reasoning 
process.  To do this we must create a system for designing, conducting, and 
drawing inferences from the outcomes of what may be called compound, 
computational experiments.  Briefly, the insight is that when considerable 
uncertainty prevails, one can not be sure either of trusting a single model13 
as the best plausible representation of the underlying system or of having 
sufficient information available to use traditional quantitative analytical 
tools at the time when decisions must be made.   
   We need the ability to examine the full multidimensional landscape that is 
defined by the very uncertainties that span the problem space.  Rather than 
examining one or a few structural or parametric alternatives, we need to 
conveniently and uniformly generate and examine many thousands of plau-
sible specifications.  Then we need to provide visualizations of the out-
comes that are accessible even to those not skilled in quantitative analysis.  
Finally, we must enable the user to draw powerful insights in an interactive 
manner.  The goal is to liberate users from the need to reason over single-
ton outcomes by enhancing their ability to reason over ensembles of out-
comes, models, and scenario specifications.  This possibility arises only as a 
result of the current speed and ubiquity of computing resources.  The es-
sence of the notion is to  have computers  do what they do  best—generate  
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millions of calculations on an on-going basis—while humans then do what 
they do best—identify patterns, draw inferences, form insights, and interact 
with one another by drawing from a fuller range of visible information. 
   Such a system has been applied to several policy problems.  The experi-
ence yielded an ability to draw strong conclusions in situations and for 
problems that had previously resisted standard analytical techniques.14  This 
experience has particular relevance to the realm of public policy.  It permits 
crafting a methodology that works backward from the ultimate question 
that requires illumination instead of using the traditional forward approach 
of first crafting the “best” model of the issue space.  This, in turn, permits 
the user to look across the full landscape of plausible futures, examining 
candidates for actions and policies and testing them for robustness.  The 
user can also test candidate strategies for failure and then assess how craft-
ing policies designed from the onset to be adaptive might circumvent the 
weaknesses of the policy choices. 
   As a practical matter, several benefits for government operations ensue 
from such an approach.  First, this approach permits the policy decision to 
be examined within the context of the problem to be solved so that the ef-
fect of different policy choices and alternative strategies can be examined 
across a wide range of plausible future scenarios.  Second, crafting strategies 
that are explicitly designed to be flexible and adaptive permits the user to 
identify future signposts and decision points.  Operating in this manner ob-
viates the need to make predictions (when the best guess is likely to be 
quite wrong) in the chimerical quest for an optimal solution.  Instead, it 
supports precisely the type of reasoning engaged in by humans when con-
fronted with uncertainty: “Which actions appear to be most robust across 
the widest range of uncertainties?”  “What current policies will lead to least 
regret while preserving options for the future when more will be known?”  
“What surprises may derail a chosen policy course and, once identified, 
what hedges, hybridization of policy instruments, or adaptive approaches 
may overcome the consequence of such surprise?”  Finally, such an ap-
proach lends itself to the realities of the political process.  It supports dis-
cussion among stakeholders by identifying—and validating—points of le-
gitimate difference.  It allows the sharing of visions and inferences among 
groups.  And it may be utilized in a Web-deliverable format as the center of  
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a hyperforum type of Web-based discussion.15  This is an example where an 
emerging technology may itself be used to enhance government ability to 
operate in an environment of accelerated technological change. 
 
Rethinking Government Activity for Emerging Technology 
Fields 
 
   An environment of rapidly emerging technology may not only confer new 
capabilities on government operations but also modify the roles for appro-
priate government action.  Results from several survey-based projects can-
vassing industry leaders have disclosed several areas where those in the pri-
vate sector see an increasing void that could best be addressed by govern-
ment operations. 
   Setting technical standards has emerged as an increasingly important issue 
affecting rates and directions of technological development in many indus-
tries as well as in basic research.  Set standards too early and one runs the 
risk of stifling promising lines of inquiry; set them too late and rates of 
technical progress may be stymied by needless uncertainty.  Among indus-
trialized countries, the U.S. standards infrastructure is characterized 
uniquely by a loosely coordinated system of federal, state, and local gov-
ernments, voluntary standards organizations, trade and professional organi-
zations, for-profit entities, and semi permanent and ad hoc industry groups.  
Thus far, the U.S. system has effectively promoted both technological in-
novation and economic growth.  But as the importance of technology 
grows in all industry sectors, shortcomings have appeared and questions 
have begun to arise.  Failure to agree on standards for cellular telephony, 
for example, has been pointed to as a principal reason why European firms 
were able to capture both technological and market leads over their poten-
tial U.S. competitors. 
   In this environment, the role for government is not to set standards, but 
to convene and provide auspices for appropriate discussions to take place 
among producers, suppliers, customers, interested parties, and the govern-
ment itself.  (Industry people readily acknowledge the need to serve a public 
interest distinct from the private interests of the potential suppliers in a 
field.)  Currently, practical and legal obstacles make it difficult for such dis-
cussions to occur in a timely fashion—if at all.  Taking this on would be a 
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legitimate role for government and one that could be possible because of 
the capabilities conferred by emerging technologies that have been dis-
cussed above. 
   Similarly, the pace of technological transformation is disruptive of opera-
tions not only in government but also in industry.  As even traditional 
“smokestack” industries become transformed through applying technolo-
gies of the digital and telecommunication revolutions, the technology factor 
as an element of the process that produces marketable goods and services 
assumes larger proportions.  While a boon in many respects, such change 
also exacerbates the issues of complexity and uncertainty in business plan-
ning.  Complexity and uncertainty are inherent concomitants of technology 
development.  They are intensified by a growing need to become more fully 
aware of developments in other industries and other countries.  The very 
rapidity of technological change makes issues of technology foresight non-
trivial as traditional rule-of-thumb approaches based on past experience fail 
to apply. 
   Government operations already support limited efforts at technology as-
sessment and foresight through the former National Critical Technologies 
Review process and government support of the World Technology Evalua-
tion Center.  Private sector feedback is that these are useful, difficult to re-
produce as private efforts, and should be supported fully or even ex-
panded.16  To understand why, we should examine the value to individual 
firms.  They rarely have the resources to do more than a cursory examina-
tion of their own industry in these areas.  Further, they have limited access 
to truly unbiased sources of such information.  They are not searching for 
definitive answers, but a baseline against which they can test their own per-
ceptions and assessments.  In addition, in the midst of so much technologi-
cal change, there is value in framing a coherent vision of technology devel-
opments in the context of the higher-order goals we set for our society.  
Only government can fill this bill.  Here again, the new capabilities enabled 
by emerging technologies can allow such a process to become integrated, 
seamless, and of considerable use both to the private sector and to public 
agencies (who would engage in discussions within a venue that would sup-
port such mutual explorations). 
   At the same time, as such a private-public partnership becomes more de-
sirable and tractable, government agencies may relinquish some old roles or 
perform them in light of new options.  As an example, the U.S. Depart-
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ment of Defense and NASA have long been in the business of putting 
hardware into space and gathering data.  As the leading edge of technology 
development passes from the public sector to the private, new options 
emerge.  An early example is the Mission to Planet Earth program at 
NASA.17  A portion of the data will be gathered from commercial sources 
rather than public ones.  Integrated project teams of government and in-
dustry technical experts will define mission goals.  Private science packages 
will fly on government platforms and vice versa.  As the possibility for such 
interchange arises in other areas, government policy on issues related to 
data standards, data analysis funding, the purchase of data vs. the more tra-
ditional building of systems, and, of course, property rights will need to be 
confronted explicitly.  This is an example of government operations con-
forming to a changing environment and the emergence of new opportuni-
ties and challenges.  It is an instance less of directly applying emerging 
technology than of formulating policy for government operations in the 
context of emerging technology to make those operations more effective 
and thrifty. 
 
Conclusion 
 
   I end with a note of caution.  We face the possibility of falling into a sub-
tle trap as emerging technologies translate into new capabilities that might 
be used in government operations.  Many of these new developments are 
based on basic research that had been funded by various mission agencies.  
As this research has borne fruit in the form of new means for monitoring 
or responding actively, we see an understandable interest, indeed even pres-
sure, for those agencies to begin to wield these new capacities and take on 
the provision of new or expanded service.  (For example, the National 
Oceanic and Atmospheric Administration has an enhanced capacity for 
monitoring, understanding, predicting, and extrapolating consequences 
from changes in atmospheric and oceanic patterns.18)  Through a now-
familiar process, the existence of a technologically sophisticated ability we 
had not previously wielded quickly transforms into a perception that a mis-
sion agency and instrument of public policy should employ this ability to the 
general benefit.  What was previously untenable now routinely becomes the 
expected. 
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   These enhanced expectations for mission performance also generally re-
quire considerable outlays for a sophisticated infrastructure to support the 
new or expanded operational mission.  As a general rule, budgetary alloca-
tions are not likely to keep pace with the costs of the more expensive op-
erations.  This pressures the traditional research funding activities that were 
the wellsprings of such new-found operational latitude.  Such an agency 
now confronts the challenges of maintaining a standing force to support 
operations and doing so in a cost-effective manner), being in a position to 
respond to crisis, financing increasingly more expensive systems acquisition, 
and, at the same time, continuing the agency mission-supporting R&D. 
   One of the strongest findings from interview projects and the National 
Innovation Summit of 1999 was a near-uniform opinion that among the 
legitimate roles of government in an era of rapidly emerging technologies, 
one of the most important is to continue to support and maintain the sys-
tem of basic research that made it all possible.19 We need, however, to be 
sensitive to the possibility of unintentionally creating an ironic outcome 
when utilizing these technologies to enhance government operations: Util-
izing these technologies should not come at the expense of placing at risk 
the sources of our future well-being. 
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lines.  Further, this chapter emphasizes those suggestions that might be actionable in 
the near term and that address only the aspects of government operations that are ci-
vilian and not concerned with national security. 
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C. Richard Neu, Robert H. Anderson, and Tora K. Bikson, RAND MR-1095-MF 
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9.  This section is a considerable abridgement of “Notes Toward a Robust, Adaptive 
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comes.  Quantitative methods waste classes of available knowledge that are not easily 
quantifiable, illuminate only single points in uncertainty space, and require ex ante 
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for the sake of analytic tractability.  Delphi techniques are designed to drive to con-
sensus through consulted expertise.  But the history of technology both teaches the 
importance of having many guesses about the future (hence questioning the value of 
developing early consensus on the unknowable future) and raises questions about 
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point predictions of the future, which are believed by no one because neither the gen-
erators of such forecasts nor their consumers are foolish people. 
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