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A method and system for assisting in the prediction, detec 
tion, deterrence, prevention and mitigation of potential ter 
rorist attacks. In one embodiment, various scenarios are 
designed to simulate possible terrorist attacks or other crises. 
These scenarios are presented to a decision maker operating, 
for example, under an organizational policy. The scenarios 
may be presented, for example, in an immersion environ 
ment in multimedia format, and the responses of the decision 
maker are evaluated. The results are then used, for example, 
to evaluate the effectiveness of the policy, or to evaluate the 
decision maker for training purposes. The results are also 
used, for example, in an analogous events library, Which a 
decision maker refers to in an actual crisis. 
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SYSTEMS AND METHODS FOR COMPLEXITY 
MANAGEMENT 

[0001] This application claims priority to applicants’ 
copending US. Provisional Application Ser. No. 60/421,577 
titled “SYSTEMS AND METHODS FOR COMPLEXITY 
MANAGEMENT” ?led Oct. 28, 2002, the entirety of Which 
is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to systems and meth 
ods for the mitigation of crises, and in particular, to systems 
and methods to materially assist in the prediction, detection, 
deterrence, prevention, and mitigation of potential terrorist 
attacks. 

[0004] 2. Background of the Technology 

[0005] As various technologies evolve, human operators 
are required to deal With increasingly complex systems. Due 
to this increasing complexity, operators managing facilities, 
such as nuclear poWer plants or Water supplies, are provided 
With a relatively large amount of information. Similarly, 
decision makers Whose authority governs resources, such as 
the nation’s agricultural output, institutions, such as the NeW 
York Stock Exchange, or a labor force, such as a ?re 
department, are provided With a large amount of informa 
tion. In the face of a crisis, such as a military, terrorist, 
agro-terrorist, or cyber attack, an operator or other decision 
maker is required to analyZe this Wealth of information and 
to apply a standard policy to make crucial decisions. 

[0006] As systems become more complex, decision mak 
ers may be provided With so much information that they are 
unable to comprehend the entire system. Furthermore, the 
information may be provided in a manner in Which it is 
dif?cult or impossible to separate crucial information from 
trivial information. In addition, the standard policies that 
govern the decisions of the decision makers may be ill suited 
to particular situations. 

[0007] In the face of a crisis, such as a terrorist attack, it 
is crucial for a decision maker to identify important infor 
mation. It is further necessary for the standard policy to 
Which the decision maker conforms to be as comprehensive 
as possible. Therefore, there is an unmet need for systems 
and methods for identifying potential threats and crises in 
advance, and for determining the appropriate policy to 
folloW When such crises occur. There is a further need for 
systems and methods that provide appropriate information to 
decision makers in an appropriate format, to enable, for 
example, the decision maker to act appropriately in the face 
of a crisis. 

[0008] Among other problems With the prior art are the 
folloWing: 1) complex systems defy human understanding 
(James Gleick, Chaos: Making a New Science (1988) (“Gle 
ick”); I. Prigogine, et al., Exporing Complexity: An Intro 
duction (1998); and Arthur I. Miller, Insights of Genius: 
Imagery and Creativity in Science andArt (2000) (“Miller”), 
each of Which is incorporated herein by reference); 2) there 
is a human inability to respond quickly enough to prevent 
catastrophic systems failures (C. PerroW, Normal Accidents 
(1982), (“PerroW”) Which is incorporated herein by refer 
ence); 3) it is impossible to identify all system redundancies 
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necessary to prevent catastrophes (S. D. Sagan, The Problem 
with Redundancy Problem: Or Why Organizations Try 
Harder and Fail More (2001) (“Sagan”), Which is incorpo 
rated herein by reference); 4) management of complex 
events and situations becomes more dif?cult as systems 
become more “closely coupled” and systems interdependen 
cies multiply (T. Helm, Cerro Granee Fire Decision-Mak 
ing: Analysis of the Decision Drivers (2001) (“Helm”), 
Which is incorporated herein by reference; PerroW); 5) no 
effective method exists to integrate the quantitative With the 
qualitative social process aspects of complex systems 
(Helm; PerroW); and 6) catastrophes are inevitable (PerroW). 

[0009] These problems raise several questions, including 
the folloWing, Which remain unresolved in the prior art: 1) 
is there neW knoWledge that can enhance our understanding 
of complex systems?; 2) are there neW methods to manage 
complex systems in Ways that We can avoid catastrophes‘); 
and 3) hoW can these neW methods be applied in a practical 
Way? 

SUMMARY OF THE INVENTION 

[0010] In one embodiment, the present invention relates to 
a system and method for simulating crises, such as terrorist 
attacks. Computer models and simulations of social dynam 
ics representing novel events are used to create a decision 
assessment environment to assist decision makers in the a 
priori development and testing of different policy options 
and processes, as hypothetical complex event simulations 
evolve. Special techniques to develop, visualiZe, and present 
scenarios are applied to enhance the believability of these 
scenarios and to create the types of real World technical and 
social process challenges that participants Would face in the 
management of a real World crisis. 

[0011] In some embodiments, decision assessment envi 
ronments also include models and simulations of events and 
situations in regional areas of strategic importance to a 
selected country, such as the United States. Among other 
things, situation assessment environments in these embodi 
ments alloW decision makers to test the effectiveness of 
different policy options in achieving desired outcomes in 
hypothetical events and situations before they are confronted 
in the real World. Special attention is paid to the early phases 
of events and situations in some embodiments, in order, for 
example, to identify decision options and alternatives that 
can prevent and mitigate the harmful outcomes or maximiZe 
the possible bene?ts that can arise from complex events and 
situations. 

[0012] An embodiment of the present invention provides 
a system and method for creating a policy, for training a 
decision maker, and for creating a format to provide infor 
mation to a decision maker. One or more scenarios corre 

sponding to crises are developed. These scenarios are sci 
ence based, analogously derived, and driven by real World 
databases. For each scenario, critical decision points (CDPs) 
are identi?ed. The CDPs are moments in the scenario 
Wherein a decision has a comparatively greater potential to 
affect the outcome of the scenario. In one embodiment, for 
each CDP, multi-domain experts are gathered. These experts 
include individuals Whose knoWledge of one aspect of the 
CPD is superlative. Using the input of each of the experts, 
a range of potential decision options for the CPD is deter 
mined. Special knoWledge acquisition/generation tools are 
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then used to prioritize the importance and extended order 
effects of decisions. The results are then dynamically 
archived. Mitigation strategies are developed to address the 
extended order of effect for each decision. 

[0013] Using the archived decisions, scenarios are then 
run, for example, via a device With a processor, such as a 
personal computer (PC), With one or more human operators 
acting as the decision maker. In some embodiments, the 
scenario may be run in a “start-stop-replay” manner, such 
that the decision maker can Witness the results of different 
decisions. The reactions of the decision maker to various 
presentations of information are capable of being analyZed. 
The presentations of information are alterable, based on the 
reactions of a plurality of decision makers. Alternately or in 
addition, the presentations of information may be custom 
iZed to an individual decision maker. Running the scenario 
is usable to test the effects of various decisions and policies. 
Running the scenario is also usable to customiZe, re?ne, or 
change the presentation of information. Running the sce 
nario is further usable to train an individual decision maker. 
After running a scenario, another scenario may be created, 
or the ?rst scenario may be re-run. 

[0014] In embodiments of the present invention, an analo 
gous event library is generatable for use in real World 
contingencies. The analogous event library may contain the 
results of running one or more scenarios and may be referred 
to by decision makers in the face of a real-life crisis. By 
comparing the crisis at hand to a scenario in the analogous 
event library, and by vieWing the results of various decisions 
present in the analogous event library, a decision maker may 
gain information as to hoW various decisions may affect the 
situation at hand. 

[0015] In one embodiment of the present invention, using 
the World’s most advanced models and simulations of social 
dynamics representing novel events, a decision assessment 
environment is created to assist decision makers in the a 
priori development and testing of different policy options 
and processes as hypothetical complex event simulations 
evolve. Special techniques to develop, visualiZe, and present 
scenarios are applied to enhance the “believability” of these 
scenarios, and to create the types of real World technical and 
social process challenges that participants Would face in the 
management of a real World crisis. One embodiment of the 
present invention includes believable decision assessment 
environments, so that participants feel completely immersed 
in the process. Examples of hypothetical events and situa 
tions that are able to be simulated using these environments 
include terrorist attacks at home and abroad involving 
chemical, biological, or nuclear Weapons, cyber and other 
attacks against commercial and ?nancial sectors and other 
critical infrastructures of a nation and its allies, agro-terror 
ism, and other complex non-traditional threats to national 
security. 

[0016] Decision assessment environments also optionally 
include models and simulations of events and situations in 
regional areas of strategic importance to a country. Situation 
assessment environments alloW decision makers to ask the 
tough “What if’ questions and to test the effectiveness of 
different policy options in achieving desired outcomes in 
hypothetical events and situations before these decision 
makers are confronted in the real World. Special attention is 
paid to the early phases of events and situations in order to 
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identify decision options and alternatives that can prevent 
and mitigate the harmful outcomes or maximiZe the possible 
bene?ts that can arise from complex events and situations. 

[0017] In one embodiment, decision assessment scenarios 
are conducted so that participants can be isolated from their 
normal job environments and not distracted by their day-to 
day Work activities. Decision assessment scenarios present 
hypothetical situations and events that create a complex 
crisis or problem for participants to address. Participants 
have access to the entire tool suite (information technology 
(IT) tools, simulations, and knoWledge bases) for informa 
tion gathering and analysis to guide decision-making. The 
deliberations and actions of the participants in decision 
assessment scenarios are documented in detail and digitally 
archived in a “lessons learned” library. This library is used 
to provide “real-time” feedback during mock crisis events or 
situations and post-event analysis. Using the methods and 
techniques tested as part of a course conducted at National 
Defense University, special attention is given to benchmark 
ing both the technical and social process knoWledge aspects 
of the performance of participants as they go through 
decision assessment scenarios. 

[0018] The present invention also optionally includes use 
of specially tailored decision support tools to acquire essen 
tial information from disparate sources (e.g., geographically 
dispersed subject matter experts across a range of knoWl 
edge domains, using distributed communication tech 
niques). The present invention may also be used in conjunc 
tion With knoWledge acquisition tools that capture, structure, 
and archive subject matter knoWledge across different 
domains in Ways that can promote the generation of neW 
knoWledge. Furthermore, Myers Briggs Typology Indicator 
(MBTI) and other psychological assessment tools are 
optionally used to provide a better understanding of the role 
of human personality and learning preferences in decision 
making. For example, the decision assessment environments 
may be tailored to support the unique learning and decision 
characteristics of individual decision-makers. 

[0019] Additional advantages and novel features of the 
invention Will be set forth in part in the description that 
folloWs, and in part Will become more apparent to those 
skilled in the art upon examination of the folloWing or upon 
learning by practice of the invention. 

BRIEF DESCRIPTION OF THE FIGURES 

[0020] 
[0021] FIG. 1 presents a How diagram of an overvieW of 
the process of one embodiment of the present invention; 

In the draWings: 

[0022] FIG. 2 shoWs the ?ve cognitive frames of refer 
ence and their polar opposites for use in accordance With one 
embodiment of the present invention; 

[0023] FIGS. 3A and 3B contain an epistemological logic 
block in accordance With an embodiment of the present 
invention; 

[0024] FIGS. 4A and 4B shoW a bipolar instrument 
utiliZing a Lichert scale for use in accordance With embodi 
ments of the present invention; 

[0025] FIG. 5 illustrates aspects of periodic versus ape 
riodic systems; 
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[0026] FIG. 6 shows a representative diagram of a state 
space having periodic and aperiodic regions, With observed 
and agent-based iterative solutions shoWn, in accordance 
With embodiments of the present invention; 

[0027] FIG. 7 contains a representative diagram of pos 
sible event outcomes and mitigation strategies for an 
example event, in accordance With an embodiment of the 
present invention; 

[0028] FIG. 8 shoWs a representative diagram of various 
features of a consensus team decision model, in accordance 
With an embodiment of the present invention; 

[0029] FIG. 9 shoWs the various system components used 
in an embodiment of the present invention; 

[0030] FIG. 10 presents an example of a computer system 
usable in conjunction With embodiments of the present 
invention; 
[0031] FIG. 11 shoWs details regarding the process meth 
odology of one embodiment of the present invention; and 
FIG. 12 is a notional diagram of a decision assessment 
environment for exploring the validity and integration of 
policies among different organiZations. 

DETAILED DESCRIPTION 

[0032] A number of complexity challenges face decision 
makers in complex situations, including the folloWing: 1) 
complex systems defy human understanding; 2) there is a 
human inability to respond quickly enough to prevent cata 
strophic system failures; 3) it is impossible to identify all 
system redundancies necessary to prevent catastrophes; and 
4) management of complex events poses neW problems as 
system interdependencies multiply and become more 
“closely coupled.” Obstacles to the understanding of com 
plex systems include the fact that reigning epistemological 
constructs (e. g., positivism, logical positivism and postposi 
tivism) rely on NeWtonian frames of reference, namely, 
linear causality, reductionism, certainty of measurement 
(NeWtonian mechanics), reversibility of systems and induc 
tive empiricism. 

[0033] In 1982, Charles PerroW published “Normal Acci 
dents,” espousing a neW paradigm for thinking about com 
plex systems knoWn as normal accident theory. This Work 
included the folloWing determinations: 1) systems reach 
levels of complexity Where major accidents become inevi 
table; 2) accidents are the result of our inability to integrate 
the quantitative technical aspects of complex systems With 
the qualitative human factors aspects; and 3) the ?rst tWo 
factors in combination give rise to PerroW’s conclusion that 
the use/creation of complex systems must be avoided if 
catastrophic accidents are to be avoided. 

[0034] TWo major questions are posed by these various 
issues: 1) is there neW knoWledge that can enhance under 
standing of complex systems‘); and 2) are there neW methods 
that can be employed to manage complex systems in a Way 
to avoid catastrophes? 

[0035] The present invention addresses these questions by 
comparing three driving epistemological constructs and 
seven theories that have shaped modern understanding of the 
natural World. Based on a revieW of the scholarly literature 
a neW pattern has emerged, Which forms the basis for a neW 
epistemology knoWn as apriori optionality. This neW epis 
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temology is based on use of ?ve NeWtonian frames and polar 
opposites thereof: linear causality-non linearity; reduction 
ism-holism; certainty-indeterminacy; reversibility-irrevers 
ibility; and induction-deduction. These frames and their 
opposites are compared and contrasted using epistemologi 
cal constructs and the seven identi?ed theories, for example. 
Through this process, the systems and methods of the 
present invention seek to identify pattern sets that do not 
match epistemological pattern sets. 

[0036] This neW epistemology considers complex systems 
as typically being made up of or involving the folloWing 
factors: 1) these systems contain non-linearity; 2) these 
systems are best understood holistically by identifying pat 
terns; 3) complex systems are indeterminate; 4) complex 
systems are irreversible; 5) deduction can be used With these 
systems to identify patterns; and 6) induction can be sued to 
discern rule sets driving patterns of behavior relating to 
these systems. The present invention thus gives rise to a neW 
Way of thinking about complex systems and their manage 
ment, including the folloWing propositions: 1) everything is 
interdependent and change is continuous; 2) systems exists 
in three phases—a) aperiodic at a quantum level, b) periodic 
at a human sense level, and c) aperiodic at a cosmic level; 
3) a system should be evaluated holistically—deduction 
should be used to identify aperiodic eruptions, then aperi 
odic eruptions analyZed using inductive empirical methods 
to discern rule sets (Mitchell Resnick, Turtles, Termites and 
Tra?ic Jams: Explorations in Massively Parallel Micro 
worlds (1999), Which is incorporated herein by reference); 
4) non-NeWtonian frames should be used as the starting 
point for thinking about complex systems; and 5) a struc 
tured process for applying apriori optionality is suggested. 

[0037] The process of the system and method of the 
present invention includes developing scenarios, gathering 
information relating to identi?ed CDPs, generation and 
running of scenarios, incorporating special consideration of 
human factors, and creation of an “analogous event” library. 
With regard to developing scenarios, typically, these sce 
narios are science based, analogously derived, driven by real 
World databases, and identify CDP. As to building CDPs, 
generally, these functions include gathering multi-domain 
experts, identifying a range of potential decision options, 
using special knoWledge acquisition/generation tools to pri 
oritiZe importance and extended order effects of decisions, 
dynamically archiving results, and developing mitigation 
strategies to address extended order of effect. 

[0038] Embodiments of the present invention use continu 
ous generation of scenarios, re-run of scenarios, computer 
generated options, etc. In addition, special consideration of 
human factors as integral to process are used, including the 
folloWing: 1) cognitive assessments to determine decision 
styles to assure diversity and to “bring the right information, 
in the right form, at the right time” to the decision maker; 2) 
analysis of individual preferences for Working in teams; 3) 
assessments to promote neW consensus methods; and 4) 
special data visualiZation methods based on decision styles. 
Finally, embodiments of the present invention incorporate 
creation of one or more “analogous event” libraries for 
immediate use in real World contingencies. 

[0039] FIG. 1 presents a How diagram of an overvieW of 
the process of one embodiment of the present invention. 

[0040] The present invention provides a proactive 
approach to non-traditional threats to national security. One 
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embodiment of the present invention includes a focus on 
agroterrorism and protection of a nation’s food supply, 
utilizing advanced technology in the application of com 
plexity-management techniques designed to materially 
assist in the prediction, detection, deterrence, prevention and 
mitigation of potential terrorist attacks. 

[0041] Through high-performance modeling and simula 
tion capabilities, data-mining and information analysis, mul 
tidisciplinary expertise, and an expanding core of special 
iZed knoWledge on human thought processes, problem 
solving interactions and decision-making, the present inven 
tion provides the ability to examine complex interrelation 
ships in Ways that reveal unforeseen and unexpected possi 
bilities as Well as unanticipated and unintended 
consequences. Because of these capabilities, the present 
invention offers a unique laboratory for testing response 
capabilities and effectiveness against multiple hypothetical 
scenarios before a real crisis occurs. Of additional impor 
tance, the present invention affords opportunity for 
enhanced predictive, preventive and ameliorative strategies 
in the face of national security vulnerability across a broad 
range of fronts. 

[0042] The concept of the present invention is founded on 
the belief that the NeWtonian principles of linearity and 
reductionism are no longer sufficient to deal With the neW 
levels of complexity that are reshaping the strategic national 
security environment. The present invention’s approach 
embraces complexity theory, normal accident theory and the 
notions of pattern recognition and irreversibility as methods 
to better understand and manage complex systems and the 
interactions among systems. 

[0043] With some embodiments of the present invention, 
an “immersive decision” architecture is used to bring opera 
tional responders, ?eld and area specialists, decision-makers 
at all levels, and others, from across different knoWledge 
domains and organiZational boundaries together to Work 
through real-World threat scenarios. Special decision support 
systems, including knowledge acquisition and generation 
tools, consensus team decision models and knowledge bases 
are used. High performance computer modeling and simu 
lation features enhance the process by integrating, organiZ 
ing and presenting critical information. 

[0044] One feature of the present invention is the use of 
multidisciplinary expertise, intelligence, advanced compu 
tational capabilities, as Well as a variety of other resources, 
to identify problems and challenges and to collectively 
develop “best” solutions before disaster strikes in the real 
World. The threat event analysis feature of embodiments of 
the present invention uses immersive decision architecture 
that cuts across the entire potential event continuum— 
detection, deterrence, prevention, response, and mitigation. 
Through the use of this architecture, the present invention is 
able to facilitate direct encounters With the unexpected and 
the unintended, such that potential terrorist events can be 
anticipated and rendered preventable, manageable and 
unsurprising. One advantage of the present invention is that 
it supports learning more about What is not knoWn, in Ways 
that may not be imagined, so that real life catastrophes can 
be avoided. Protecting a nation’s communities by providing 
?rst responders, as Well as all involved decision makers, 
With What is needed to save lives and prevent harm is an 
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important foundation for building the kind of local, state and 
national preparedness that is both effective and ultimately 
successful. 

[0045] The method and system of the present invention 
includes use of comparison of three reigning epistemologi 
cal constructs and seven theories that have shaped scienti?c 
understanding of the natural World. The present invention 
also utiliZes ?ve cognitive frames of reference and associ 
ated polar opposites to compare and contrast three episte 
mological constructs and seven applicable scienti?c theo 
ries. Among other things, the present invention seeks to 
identify scienti?c pattern sets that do not match three 
reigning epistemological pattern sets. 

[0046] In particular, the present invention incorporates 
consideration of the theories of 1) positivism and logical 
positivism, and 2) post positivism. Positivism and logical 
positivism are de?ned herein as folloWs: 

[0047] An objective reality exists independent of the 
observer. All science rests on a foundation of facts. 
Once enough facts are collected and analyZed, gen 
eraliZations can be extracted enabling the scientist to 
predict, given some set of circumstances at T1, some 
fact that Will still hold true at T2. If the prediction is 
true, then the hypothesis, principle or theory must 
also be true. 

[0048] Post positivism is de?ned herein as folloWs: 

[0049] All that is observed is affected by observation. 
All observations are fallible making all theory sub 
ject to revision. Thus, multiple measures and obser 
vations are core to the advancement of knoWledge, 
i.e., triangulation. Constant scrutiny of research and 
re-observation leads to the evolutionary creation of 
the “best” knoWledge. Hypotheses, principles and 
theories are subject to constant revision. 

[0050] The ?ve cognitive frames of reference and their 
polar opposites are shoWn in FIG. 2. The seven scienti?c 
theories considered in the present invention include: 1) 
special and general relativity (Einstein); 2) probability 
theory (Heisenberg); 3) dissipative structure theory (Prigog 
ine); 4) complexity theory (Gleick); 5) normal accident 
theory (PerroW); and 6) consilience theory (Wilson). 
[0051] Study of the scholarly literature indicates that 
reigning epistemological constructs are strongly in?uenced 
by NeWtonian cognitive frames of reference. This approach 
conceives of systems as being periodic. Study of the schol 
arly literature also indicates that epistemological constructs 
do not re?ect advances in scienti?c understanding of com 
plex naturally occurring systems. These constructs include 
complex human social systems. 

[0052] An epistemological logic block in accordance With 
an embodiment of the present invention appears in FIGS. 
3A and 3B. In one implementation of the present invention, 
the epistemological logic block of FIGS. 3A and 3B is 
validated by the ?ve renoWned knoWledge domain experts. 
In one embodiment, knoWledge domain experts are asked to 
complete a survey questionnaire that asks each expert to 
validate the degree of “acceptance” or “rejection” of ten 
conceptual frames of reference as these frames of reference 
relate to the three epistemologies and each of the seven 
scienti?c theories, for example, included in the scenario of 
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the present invention. In one embodiment, a bipolar instru 
ment utilizing a ?ve point Lichert scale is used to complete 
the validation. 

[0053] In one embodiment, a special password protected 
web site to facilitate the completion of the survey question 
naire is established. Follow-up interviews are conducted, 
focusing on validating areas of knowledge domain expert 
agreement and illuminating reasons for disagreement among 
respondents. This method is designed for repeatability with 
different populations of knowledge domain experts. The 
methodology also allows for expansion using different con 
ceptual frames of reference and additional scienti?c theo 
r1es. 

[0054] The knowledge domain experts are selected for 
participation in this feature of the present invention are 
selected, for example, because they have a direct under 
standing of the conceptual frames used for developing one 
or more of the scienti?c theories under study. For example, 
llya Prigogine as the author of dissipative structure theory 
has a direct understanding of the conceptual frames of 
reference he used to develop his own theory. Charles Perrow 
as the author of normal accident theory has a direct under 
standing of the conceptual frames of reference he develop 
his theory. Stephen Hawkings, as the world’s used to pre 
miere physicist, has a deep understanding of both relativity 
and probability theory. In similar fashion, James Gleick is a 
renowned expert on complexity theory. E. O. Wilson as the 
author of consilience theory has a direct understanding of 
the conceptual frames of reference he used to develop his 
theory. Thus, on feature of the study methodology of the 
present invention involves the comparison of survey 
responses by each of these different individuals. The 
responses of principals responsible for developing (or most 
knowledgeable about) their own theory (or knowledge 
domain) are compared with the responses of other partici 
pants in the study to determine degrees of agreement or 
disagreement. For each of the three epistemologies and 
seven scienti?c theories evaluated, for example, each 
respondent is asked to indicate the degree to which each of 
the ten cognitive frames of conceptual reference is re?ected 
in the associated epistemology or theory. For example, 
respondents are asked to indicate the degree to which the 
concept of linear causality or its opposing frame of non 
lincarity is rc?cctcd in thc positivist cpistcmology. Abipolar 
instrument utiliZing a Lichert scale is used, such as is shown 
in FIGS. 4A and 4B. By moving their computer cursor 
along the scale, respondents are able to select the degree to 
which they believe the concept of linear causality or non 
linearity underpins the positivist epistemology. 

[0055] In FIG. 4A, for example, by selecting the number 
-5-, for example, to the far left under the header “Linear 
Causality,” the respondent is able to indicate their opinion 
that the positivist epistemology relies exclusively on the 
concept of linear causality versus non-linear causality. 
Choosing a number between -4- to -1- to the left side of the 
scale under the header “Linear Causality,” would indicate a 
progressively lesser degree of reliance on the concept of 
linear causality as the conceptual frame underpinning the 
positivist epistemology. In like fashion, by selecting the 
number -5- to the far right under the header “Non-linearity,” 
the respondent would indicate their opinion that the posi 
tivist epistemology relies exclusively on the concept of 
non-linearity versus linear causality. Choosing a number 
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between -4- to -1- to the right side of the scale under the 
header “Non-linearity,” would indicate a progressively 
lesser degree of reliance on the concept of non-linearity as 
the conceptual frame underpinning the positivist epistemol 
ogy. By selecting the number -0- the respondent would 
indicate their opinion that the positivist epistemology relies 
equally on both the concept of linear causality and non 
linearity as conceptual frames underpinning the positivist 
epistemology. 
[0056] In similar fashion, respondents are asked to what 
degree each of the ten conceptual frames of linear causality 
and non-linearity, reductionism and holism, certainty and 
indeterminacy, reversibility and irreversibility and induction 
and deduction underpin the seven theories. For example, as 
depicted in FIG. 4B, respondents are asked to what degree 
Newton’s conceptual frame of certainty of measurement and 
the opposing conceptual frame of indeterminacy underpins 
Einstein’s special and general relativity theory. 
[0057] By selecting the number -5- to the far left under the 
header “Certainty” in FIG. 4B, the respondent indicates 
their opinion that the positivist epistemology relies exclu 
sively on the concept of certainty of measurement versus 
indeterminacy. Choosing a number between -4- to -1- to the 
left side of the scale under the header “Certainty,” would 
indicate a progressively lesser degree of reliance on the 
concept of certainty of measurement as the conceptual frame 
underpinning the positivist epistemology. In like fashion, by 
selecting the number -5- to the far right under the header 
“Indeterminacy,” the respondent would indicate their opin 
ion that the positivist epistemology relies exclusively on the 
concept of indeterminacy versus certainty of measurement. 
Choosing a number between -4- to -1- to the right side of the 
scale under the header “Indeterminacy,” would indicate a 
progressively lesser degree of reliance on the concept of 
indeterminacy as the conceptual frame underpinning the 
positivist epistemology. By selecting the number -0- the 
respondent would indicate their opinion that the positivist 
epistemology relies equally on both the concept of certainty 
of measurement and indeterminacy as conceptual frames 
underpinning the positivist epistemology. 
[0058] An embodiment of the present invention provides 
for a secure password protected web site. The ?ve knowl 
edge domain experts, for example, participating in this study 
are requested by way of introductory letter and follow-up 
telephone call to use the web site to complete the survey 
questionnaire, obtain background information, and access 
the results of the survey instrument. In an embodiment of the 
present invention, the results of the survey instrument are 
subjected to statistical analysis to determine degrees of 
agreement and disagreement among the ?ve knowledge 
domain expert respondents. 
[0059] In an embodiment of the present invention, follow 
up interviews with each of the ?ve participating expert are 
conducted. Follow-up interviews focus on validating areas 
of knowledge domain expert agreement and illuminating 
areas and reasons for disagreement. This method is designed 
for repeatability with different populations of knowledge 
domain experts. The methodology also allows for expansion 
using different conceptual frames of reference and additional 
scienti?c theories. The results are shared with ?ve knowl 
edge domain experts participating in the survey. 

[0060] It is possible that differences of opinion among 
knowledge domain experts will arise. Thus, the method 


























