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An approach to facilitating communication of expert arguments through visualization
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Abstract Many public issues, such as environmental actions, involve a large number of diverse stakeholders such as governments, corporations, organizations (e.g. NGOs), and concerned citizens. Discussions frequently become contentious as the stakeholders defend their potentially conflicting goals with various assumptions, views, and expert testimony. These issues also tend to involve a range of fields. For example, the disposition of nuclear waste includes issues of economics, science, engineering, politics, and intergenerational justice, each with large uncertainties due to dependences on indirect estimations and the long time periods involved. At the same time that these complex issues might increase in number, due to applications of new technologies, tools are being developed on the Internet to enable flexible learning, visualization, collaborative conferencing, distributed computing, and meaning-based (semantic) context. These tools might enable improved techniques for debating and discussing these complex issues. A technique that might facilitate orderly discussion of various arguments would include explicit recording and visualization of the evidence, its assumptions and uncertainties, their relationships in constructing the overall argument, and the ways the evidence needs to be generalized to support the argument. A simple argument visualization approach is explored based on a combination of an argument logic framework and techniques for fusing generalized data that are similar to kriging in spatial analysis. This approach is then applied to a recently contested risk analysis of nuclear waste disposition that was debated in a peer-reviewed journal, involving concerns about uses of data, complex computational models, uncertainty analysis, and expert judgment. The need for wider understanding of such complex issues might be addressed by a convergence of techniques to facilitate greater understanding and the advanced Internet technologies to lower barriers to their adoption. Keywords: argument visualization, data fusion, semantic web, computational models Introduction Development of new technologies offers opportunities and risks that enable increased control requiring decisions. These decisions often include ethical issues, e.g. how genetic engineering should be used, while simultaneously requiring a consensus among more
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stakeholders and involved groups in the decision process, which includes large uncertainties. The issues are not solely scientific, legal, political, or economic, but instead contain elements of each. In this mix of stakeholders, objectives, criteria, and evidence, it is important to be able to organize the arguments to communicate their sources, reliability, and limitations. However, the presentation of arguments, assumptions, and their evaluations are typically highly static, taking the forms of organizational reports, scientific papers, journalistic articles, Web sites, and recently weblogs. Within these complex discussions, it is often difficult to maintain tractable relationships between assumptions, approaches, concepts, criticism, and opinions, when using only standard techniques such as linearly arranged paragraphs in multiple reports and papers. For example, if a discussion of an issue occurs over a period of time in multiple reports, it is difficult to obtain an integrated status of the challenges and their defense. Also, often issues are not amenable to direct or linear techniques; instead, many possible solutions exist that attempt to satisfy multiple objectives, which has been defined as “problem wickedness” (Conklin, 2005). The understanding of these problems is not realized without in-depth analyses or trials of possible solutions. While there are many tools and techniques, such as meeting facilitation, group support systems, and Web-facilitated discussions, that attempt to improve public discourse (Levine et al., 2005), a more dynamic and visual approach may offer a supplementary approach to evaluating the reliability of assumptions, logic, evidence, and criticism. Graphical tools have been explored for the discussion of design and policy issues (Conklin & Bergman, 1988). These tools encourage focus and structure, and facilitate the recall of arguments concerning complex issues (Papadopoulos, 2004). These visual frameworks for argument presentation could be further improved with the dynamic capabilities of the Internet. In this paper, the need for a wider understanding and evaluation of complex issues is indicated through a review of potential technological development scenarios and possible societal and environmental implications. Next, an approach involving the visualization, or diagramming, of arguments is suggested as a potential part of a solution in fulfilling this need. Then, as an example, this approach is applied to a recent case concerning an important environmental question, the disposition of nuclear waste, where experts disagreed on many fundamental issues such as expert judgment, communication of results to the public, the use of computer models, and the uncertainty in long-term forecasting. Finally, it is argued that an advanced Internet could enable a convergence of techniques and supporting technologies to facilitate this deeper understanding and evaluation of these important issues. Background Technology has recently been developing at a rapid pace. Trends such as Moore’s Law involving the increase of electronic component density have led some to speculate about future technology development rates in various fields such as biotechnology, nanotechnology, and information technology converge (Roco, 2002). Diverse future scenarios of technological progress are reflected in recent analyses of current trends. By extending the Moore’s Law analysis to earlier technology generations, Kurzweil (2001)
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suggested that technological progress will accelerate, leading to greater human potential through applications of new technologies such as biotechnology and computers. Opposing views (Rees, 2003) have suggested that technological development is at a critical point, with elevated risks from accidents, small groups acting maliciously, or further societal divisions due to unequal access to technological benefits. Others (Horgan, 1997) suggest that the complexity and requirements of conducting basic scientific research might soon lead to deceleration of scientific progress. Many of the issues will have ethical aspects, as technology facilitates options, and their corresponding decisions, regarding the use and control of the environment. Recent technologies offer the possibilities of enhanced biological and mental facilities, but raise questions concerning life, responsibility, and justice (Mulhall, 2002). However, ethical decisions concerning technology have been around since its inception; e.g. fire enabled humans to establish warmth, light, and security, but led to decisions concerning its use in development. Decisions had to be made to use fire for either temporary land development in a slash-and-burn (swidden) agriculture or a sustainable lifestyle of hunting and gathering (Ponting, 1991). However, large uncertainties exist when introducing technologies. For example, the issue of global warming and its relationship to human activities such as the burning of fossil fuels continues to be debated with various assertions about uncertainties and interpretations (Lomborg, 2001). Uncertainty surrounding an important issue, such as determination of the biological effects of ionizing radiation, can continue for decades, spawning debates concerning ethics, economics, and regulation (Jaworski, 1999). In new technologies such as nanotechnology and biotechnology, potential consequences and options are beginning to be explored. Often the full consequences cannot be determined until the technology has been applied and used in context (Glenn & Gordan, 2004). Debate continues on whether technological change at increasing rates will overwhelm the social response aimed at handling its unintended consequences and ethical choices (Linstone, 1996; LePoire, 2005a). The recent history of actions taken in response to environmental problems partially caused by technological developments might demonstrate the technological and social interaction (LePoire, 2005b). Trends in the previous century seem to indicate a pattern of periodic interest as technologies are developed, environmental problems arise, and social responses are formulated. The technology-related environmental problems range from sanitary conditions in urban areas at the early 20th century, to national air and water problems in the 1970s, to the recent interest in international environmental treaties. The time between these periods of action seemed to be decreasing, but the duration required for their resolution increased. A critical factor for determining the continuation of this pattern is the relative rate of technology development compared to the social response. Possible leading indicators of the next period of environmental interest include new social mechanisms such as the incorporation of environmental impacts in economic accounting and the responsible development of new technologies. The issues arising from rapid technology development and convergence often require consensus, opinions, and judgments from a wide range of organizations and disciplines (e.g. scientific, economic, political, legal) (Mulhall, 2003). This convergence of issues was acknowledged early in the U.S. National Nanotechnology Initiative (NSTC, 2004) which identified scientific and technological issues and societal implications involving
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education, the workforce, and environmental applications, and a continuing discussion has ensued. The Internet has been an important tool in these discussions, allowing access to discovery and articulation of multiple viewpoints, interpretations, and opinions. For example, Internet capabilities have facilitated the communication of facts and opinions to a wide range of stakeholders regarding recent U.S. environmental impact statements (EISs) such as in the wind energy EIS, the Trans-Alaskan Pipeline EIS, and the disposition of depleted uranium hexafluoride EIS (Sullivan et al., 2005). While the Internet currently facilitates the distribution of data for debates and supports simple, structured arguments in discussion forums, new, improved, and faster networks could influence the debates by facilitating understanding and evaluations by a larger audience. These influences might be derived through application of the new Internet technologies such as advanced interactive visualization, Web conferencing, semantic Web, personal agents, and network computing. A larger audience might be reached through more compelling and relatively inexpensive Web conferencing. Many organizations are utilizing Web conferencing for internal training or for distributed marketing. The U.S. Environmental Protection Agency (EPA) has been active for a few years in a (EPA, 2005) program to reach those involved in the environmental community. The recent improvements in the Voice over Internet Protocol (VoIP) have led to integrated video and audio Web conferencing packages that permit an audience to participate in polls, instant messaging, and advanced software interaction (Genesys Conferencing, 2003). Individuals learn in a variety of ways, e.g. reading, hearing, visualizing, and exploring (Gardner, 2000). An advanced network could provide a variety of tools that meet the need to develop understanding of the debate. For example, the Google Earth Internet application has seamlessly integrated images at a variety of scales that can be combined with an interface to deliver an impression of flying across the globe. This tool has already been extended by others to provide detailed site photos of environmental concern such as nuclear reactor sites (Taylor, 2005). Barriers to deeper understanding might be lowered through the use of the semantic Internet (Van Ossenbruggen et al., 2002) to permit direct interaction with personal agents of an interested public. Personal agents could keep track of an individual’s knowledge, preferences, and goals, as has been developed through Intelligent User Interface research (Kim et al., 2005). These technologies are currently applied in computer games and Internet online purchasing, such as the Amazon agent that facilitates searches for possibly interesting future purchases based on previous actions. Finally, tools have been developed to facilitate advanced distributed computing by utilizing otherwise idle computers on the network. Some early examples are the SETI@home and Rosetta@home programs that parse out parts of a data set for distributed analysis. However, more recent frameworks support more general computing (Foster, 2002). These tools could both allow many other participants to evaluate the assumptions and analysis in a debate. These new Internet tools will serve many purposes, but one promising application seems to be supporting an integrated debate structure for evaluating and understanding the reliability of information, assumptions, and models. This could contribute to increasing the effectiveness of social discourse concerning the environmental
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implications and applications of the new technologies. In the next section, a possible integrating framework is reviewed and then applied to an example from a recent public debate in the scientific literature. Approach Technical debates are often presented in prose as integrated paragraphs, sentences, tables, and graphs. However, there are some problems in expressing complex problems with this static, single-perspective, linear technique. There is a need to express multiple contentious perspectives and the relationships between their assumptions, concepts, opinions, and challenges. While current tools and techniques, such as Web conferencing and Web-based forums, attempt to improve public discourse (Levine et al., 2005), a more dynamic but structured visual approach may offer a supplementary method of evaluating the reliability of the evidence and reasoning. Visual tools have been successfully adopted in many computer science problem-solving techniques, such as entity relationship diagrams for relational database design and more recently in Unified Modeling Language (UML), for a wider range of design and analysis tasks. Graphical tools, such as Bayesian Belief Networks (BBNs), have been used in constructing and visualizing expert systems. BBNs often assist in the analysis of inductive problems, such as troubleshooting or medical diagnoses based on symptoms, rather than the more deductive reasoning required by technological assessments. Young students are being exposed to graphical techniques through educational tools, such as Inspiration Software, that help organize and develop thoughts (IARE, 2003). Various approaches have been taken to visualizing discussions or facilitating collaborative discussions. Some techniques incorporate computer facilitation for Computer Supported Argument Visualization (CSAV) (Shum, 2003). A simple tool is the threaded discussion list. A further integrated approach, an Issue Based Information System (IBIS), was developed that consists of three primary entities for issues, positions, arguments and their possible relationships such as supports, objects-to, and more-generalthan. These tools have been enhanced with graphical user interfaces (Conklin & Bergman, 1988) and evaluated in situations involving complex issues such as policy discussions (Papadopoulos, 2004). A further extension of these methods might include support for differentiating various modeling approaches, assumptions, and uncertainties. For example, in complex issues in environmental systems, problems might be modeled from many levels of understanding (Constanza et al., 1993). Levels of understanding can be based on empirical, phenomenological, fundamental, and case-based or analogy-based reasoning. Some of the advantages and limitations of each are discussed below. An example of a simple model is an empirical relationship between two constructs: a dependent and an independent variable. Often little understanding is gained from each isolated empirical finding, although the accumulation of many such findings may result in a much deeper understanding. An example from toxicology is the relationship of biological effect to a chemical property. At a higher level of understanding, a conceptual model of a system offers simple explanations of the relationships between phenomenological constructs in which some insight is gained, but the fully detailed mechanism is not uncovered. Such models can
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often serve as mental models, as they offer the ability to reason in generalized contexts without the complexity of a deep model. In toxicology, such a model might be a simple physiologically based pharmacokinetic (PBPK) organ transport model of a toxic substance. The transport rates are based on measured or inferred data, but often can be generalized to other age groups or other animal species. Finally, deep models can be constructed after much detailed information and understanding are gained about a system. The resulting behavior emerges from fundamental interactions between the components involving many scales, e.g. spatial or temporal. In toxicology, these models include understanding at various scales, such as the molecular, cellular, organ, and organism levels, concerning the effects of toxic substances. Beside support for multiple conceptual levels of modeling, another possible important enhancement in a discussion tool would be support in developing an understanding of the issues involved in various threats to validity. The framework by Cook and Campbell (1979) offers four categories of threats to validity. In most studies, three threats are treated within the experimental context: 1) statistical validity, to determine if there was sufficient statistical power, e.g. trials or samples, to conclude a difference; 2) internal validity, to determine if the evidence supports a causal relationship between measured variables; and 3) construct validity, to determine if the measured variables are related to the more theoretical constructs in the scientific hypotheses. A fourth threat to validity concerns errors that might arise in generalizing from the study to a different context. Often studies will include limitations, expectations, and discussions concerning generalization. However, it is unclear at the time of the study what other contexts might require information. Estimating the value of information in a new context relies on various expert subjective judgments (Cooke, 2003). This is related to the distinction between deductive and inductive reasoning. Often scientific arguments are deductive, moving from general data and models to reach specific conclusions. However, there are many situations that require inductive reasoning in generalizing information from one specific context to another. For example, toxicological studies are done for specific chemicals and certain experimental settings such as high concentration levels in animals or in vitro. The question arises about how to combine these data to obtain the best estimate for a slightly different context, e.g. a modified chemical for moderate concentrations in humans. In environmental and health circumstances, direct measurements of key parameters are often not available, due to the uncertainty of future events or the inability to conduct human experiments. For example, it is difficult to predict long-term future land use and climate, which could be important for determining potential exposure and contaminant movement. Also, it is unethical to perform controlled long-term, low-dose human studies, so information must be extracted through indirect evidence such as natural exposure histories and extrapolations from animal studies. However, there may be many different sources of information collected, with various contexts and approaches that might be combined to form an estimate. A difficulty arises in using potentially conflicting expert judgments about the relevance of the various pieces of information. However, there is a systematic way to think about the fusion of evidence. While often not practical to implement, the approach can conceptually guide an understanding about the assumptions underlying the combination of evidence. The method is a
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generalization of the common technique of kriging used in estimating spatial parameters (Isaaks & Srivastava, 1989), e.g. the concentration of some mineral in a formation, given limited sampling throughout the region. The technique requires the collection of information relevant to the context of interest. The information required includes the value and uncertainty in its own context, the additional uncertainty from extending the results to the context of interest, and the correlation (independence) of the various collected data. With this set of information, an estimate of the value and uncertainty for the context of interest can be derived by forming a combination of the evidence that minimizes the uncertainty. In practical circumstances, a large fraction of the information might be lacking, but subjective judgment might be used to estimate raw data independence and generalizability. Besides estimating parameters in different contexts, the method can also be used to determine the relative value of new information. A simple example of using multiple approaches with multiple data sources is the estimation of the number of deaths in a city over some time. One approach would be to collect the obituaries and then multiply this by the estimated fraction from the city. There may be many sources of obituary information, including local newspapers, websites, and hospital records, each with varying errors in data, spellings, and location identification. If a newspaper and website use a common feed for news, then the two pieces are quite dependent and are equivalent to only one source. A different way of estimating the rate would be to determine the population size and then divide by an average lifespan. Additional information to refine the estimate would include consideration of the city’s age distribution. A simple graphical system can be explored that includes the ability to display different levels of approaches and to distinguish deductive and inductive reasoning. A simple example is shown in Figure 1. The elements of the model are deductive and inductive reasoning chains connecting data, models, constructs, assumptions, and functions. For this tool, a double-lined arrow signifies a data or model generalization (inductive reasoning). A single line shows deductive reasoning. Models and measures (M) are displayed as circles. Functions (mathematical or logical) are shown as triangles. Constructs (C) are shown as rectangles. Assumptions (A) are shown as triangles off to the right side. {Insert Figure 1} Application A demonstration of this technique should lead to further insights into its usefulness and applicability. The disposition of nuclear waste in the U.S. is a significant issue that contains many elements for a relevant case: 1) the public is very involved and interested; 2) there is a large amount of uncertainty due to the long time frames, which extend 10,000–100,000 years in the future; 3) there are various levels of models (computer and conceptual) to approach the problem, with heated discussions concerning their reliability; 4) there is uncertainty due to technology advances during implementation of the solution; and 5) the issue impacts a comparison of future energy options including those from fossil fuels, which may also have long-term consequences, e.g. global warming (Heaberlin, 2004).
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The disposition of nuclear wastes from commercial power reactors has been discussed, studied, and debated for decades. Various groups have advanced or opposed various solutions. A proposed solution, transportation and storage at the Yucca Mountain repository in Nevada, has recently (July 2004) been delayed until analysis can be performed to demonstrate safety over a longer time period (300,000 years mentioned in a National Academy of Sciences report) than originally planned (10,000 years) (YuccaMountain.org, 2004). This has led to a debate over the methods used to estimate the hazard for this disposition approach and to suggestions of other alternatives, such as temporary central storage (Wald, 2004), while this important issue is being debated. It is not the intent of this paper to discuss or make judgments on the details of this important and controversial subject. Instead, the focus will be on trying to apply the visualization method mentioned above to recent discussions concerning an alternative method of analysis and an alternative method of temporary storage. Probabilistic risk assessment (PRA) is a standard technique for trying to understand the overall risk due to uncertain outcomes of an activity. A proposed alternative analysis was suggested by Bernard Cohen (2003), a professor emeritus at the University of Pittsburgh, who has researched nuclear applications and implications throughout his career. His original paper on the alternative analysis was met with critical comments about a year later from Rodney Ewing and colleagues (2004). Ewing is from the University of Michigan and is also on the National Academy of Sciences (NAS) Board on Radioactive Waste Management (Nadis, 2003). A direct approach to probabilistic risk assessment is to identify all possible events that lead to a consequence, select appropriate modeling tools to perform a consequence and probability assessment, collect information for the input parameters of the models, perform the calculations, and analyze the results. Supplemental tools are often available for a sensitivity and uncertainty analysis to help identify critical parameters and the uncertainty in the results due to uncertainty in the input parameters (LePoire et al., 2000). However, there are many assumptions in this process including those in each model, model connections, generalizations of the models from their conceptual basis to the specific site, and considerations for conservatism, uncertainty, and correlation among the input parameters. This standard approach is shown in Figure 2. {Insert Figure 2} Bernard Cohen’s paper (2003) offered an alternative approach to the PRA. He suggested that instead of having the public accept the assumptions (“leap of faith”) mentioned above, he developed a PRA based on an average location using grounded data for fundamental processes. This still required a leap of faith, but only to the extent that the actual location chosen by experts would be better than the average. This argument was met with a 10-point criticism (Ewing et al., 2004), which was responded to by Cohen (2004). Cohen’s PRA simply consists of two steps: 1) calculating the health effects (deaths) due to ingestion of all radioactivity at a particular time (the radioactivity changes with time due to radioactive decay and ingrowth), and then 2) estimating the fraction of the radioactivity that would be ingested. A few assumptions are made in this argument: 1) the radioactivity is embedded in silicate glass; 2) the only pathway the people are exposed to is by ingestion (i.e. not by inhalation or direct radiation exposure); 3) the
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contamination would be ingested only once, i.e. not recycled through the agricultural pathway; and 4) dose and health effects are related in linear non-threshold fashion. The original argument by Cohen is shown in Figure 3. A general risk result was that 0.02 deaths per GWe-year (i.e. the amount of waste coming from a large nuclear reactor from one year of operation) would occur. He then compared this with the estimated 30– 90 deaths per GWe-year from similar operation of a coal-burning electric power plant. {Insert Figure 3} This was criticized and responded to on 10 points (Ewing et al., 2004). Some of these points and responses are shown in Figure 4. The double-lined bold arrows indicate arguments over conceptual interpretations, and the solid lines indicate the difference in ability of judgment and understanding. The main conceptual arguments center on whether Cohen’s PRA is for a specific individual and a specific atom or the cumulative impact from the combined radioactive waste. This important distinction seems to be adequately defended by Cohen (2004) for the interpretation of public effects from all contamination. The main arguments, i.e. Cohen’s “leaps of faith,” concern the uncertainties about the long timescale, the selection of models and data, and the ability to conduct an average PRA. The main area of agreement is that the simple PRA would require information concerning leaching from fuel rods over the assumed glass containment. {Insert Figure 4} This visual framework and annotation would allow continued discussion within the context of previous points and counterpoints. The conceptual issues seem to be adequately addressed, but there are other assumptions in the simple PRA that were not fully explored, such as the assumption that the contamination is not recycled through the waste-fertilizer-food pathway. These diagrams facilitate communication of these expert arguments, concepts, opinions, assumptions, and challenges through: • Graphically distinguishing the levels of evidence (i.e. concept, opinion, assumption); • Visually comparing multiple approaches for differences where large uncertainties and expert opinions (“leaps of faith”) are required; • Integrating the arguments and challenges from multiple experts into a visual framework; • Allowing identification of weaknesses and strengths for further discussion; and • Allowing easy recall of the argument structure through visualization. The ability to extend this debate within this static media is quite limited due to the lack of ability to easily support interaction, personalization, or update capabilities. The cited papers are available to be read by only a relative few. The readers cannot respond, contribute, or test software that might have been used in the construction of the arguments. Further, the papers make assumptions about the knowledge of the reader without providing easily accessible links for gathering background information. While researchers who might be interested in contributing to this topic may have literature search services based on simple keyword queries, more advanced personalized agents could provide more refined and more appropriate results by gathering information from a wider audience.
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While a computerized structure debate system has been tried before, access and tools were limited. Information in these systems was quickly outdated without adequate responses by appropriate experts. Perhaps the current convergence of these techniques with supporting technologies and the motivation due to issues of extended interest might result in a wider adoption. The Internet is important and appropriate for this proposed approach. The ability of an advanced Internet to provide advanced visualization, Web conferencing, ontological information, and computing resources lowers the barriers to exploring reliability through delivering individualized content and the ability to evaluate debate assertions. The Internet could maintain the liveliness of the debate through individualized presentations of data in a format that is appropriate for an individual trying develop the understanding to make decisions. It could also lower the barriers of other researchers to examining and testing the reliability of the data, models, and assumptions. Information technology might contribute to facilitating a quicker and more effective social response. While current websites and discussion forums are used for this purpose, many areas could be improved. More effective approaches could be used to generate a wider audience, and to provide greater understanding and discussion capabilities by becoming more personalized and active, combining data on the person’s state of knowledge, learning mode preferences, and goals with a debate structure involving factual evidence, linkages, and expert ratings. This visualization technique as applied to arguments seems compatible with various new Internet technologies to facilitate discussions about upcoming technological issues. As mentioned preciously, an important issue, with technological change coming so rapidly, through nanotechnology, biotechnology, informatics, and cognitive science (Roco et al., 2002), is the whether social responses in use will be quick enough to effectively implement the benefits of the technologies without suffering too many unintended consequences (Glenn & Gordan, 2004). Conclusions The success of the expected rapid technological change might be influenced by the ability to construct effective social responses to such issues as environmental implications and applications. While an improved Internet might allow many advances in personalization, artificial intelligence, distributed computing, and visualization, these components alone might only offer fragmented views of technical discussions. An integrating framework of argument visualization had been developed and tested by others, but its adoption was limited, partly because of the constrained access of desktop computing. Now, however, critical aspects seem to be converging as a wider audience is motivated to understand important technological and social issues, including the techniques of argument visualization and the technologies to effectively implement them for wide adoption. A visualization approach with a defined set of visual elements allows for dynamic structured discussions. This structure permits the explicit development of contentious debates concerning conflicting goals, assumptions, views, and expert testimony. The application to the issue concerning the disposition of nuclear waste demonstrated how the visualization approach could be used with confidence regarding different views toward
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expert selection in models, data, and assumptions under large uncertainties and long timescales. The reliability of information on the Internet is enhanced when there is an ability to understand contexts and test assertions. Understanding can be enhanced when material is presented to an individual for cognitive processing in a way that meets the individual’s goals. The semantic Web connected with individual agents could increase the ability to generate this understanding in an efficient manner while still maintaining the areas of disagreement. The visualization of an argument lowers the barriers to exploration of a variety of debates by allowing the structure of a debate to be connected to an individual’s agents; a researcher’s data, models, and assumptions; and multimedia tools for communication. Further, Web conferencing tools have allowed for a wider audience to participate in discussions. This combination could facilitate a wider and deeper understanding of a variety of technological and social issues in which debates rise and filter well accepted data from cutting edge uncertainties and subjective opinions. Activities that could further the development of this approach might include exploring it within an educational or professional setting, integrating the approach into a standard argument visualization tool, and standardizing the components for interaction, storage, and modification, which could be done with an XML standard. While the example in this paper concerned nuclear waste, often large environmental issues, such as global warming and the disposition of nuclear waste, have similar needs for a diverse set of experts to communicate and respond to a variety of stakeholders. In the U.S., the National Environmental Policy Act (NEPA) encourages public participation in these discussions and decisions. In a recent review of the NEPA process (Caldwell, 1998), one of the architects of the original NEPA pointed to the need for continual searching for techniques to increase public awareness and understanding of the issues. This technique could be applied in many issues where expert opinion is assessed and communicated to a wider audience. In fact, the early discussion systems were explored in the contexts of product design, business strategy formation, and government policy formation. While the Internet supports the capability of engaging worldwide participation, some difficult issues concern designs of more limited scope, such as product design and contract negotiation. In these cases, the reliability of the information and reasoning is increased by enabling a wider audience, including experts and involved parties, to gain a greater understanding and perform independent evaluations. The tools from an improved Internet along with the techniques discussed here seem to provide a combination to assist in this important task. References Caldwell, L. K. (1998) The National Environmental Policy Act: An Agenda for the Future. Bloomington: Indiana University Press. Cohen, B. L. (2003) Probabilistic risk analysis for a high-level radioactive waste repository. Risk Analysis 23 909–915. Cohen, B. L. (2004) Response to the comments by Ewing, Palenick and Konikow. Risk Analysis 24(6) 1421–1422.
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Figure 1: Example diagram showing the relationship of the result C4 to the constructs C1, C2, and C3: C4=C3+C1×C2. The construct C1 is estimated by generalizing three measurements (m1, m2, and m3) whose implicit uncertainty and independence are specified. The construct C2 was obtained with the assumptions a1 and a2. Assumption a1 is conservative, i.e. it underestimates the case for the argument.
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Figure 2: Schematic diagram of a standard complex model-based probabilistic risk assessment with uncertainty analysis. Major assumptions are shown to the right. The 177 input constructs (C) require probabilistic distributions and correlations in a time over thousands of years. Cohen identifies the “leap of faith” in this PRA analysis as the selection of the data and models and their integration by experts.
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Figure 3: Schematic diagram of Cohen’s simple probabilistic risk assessment. Major assumptions are shown at the right. The four input constructs (C1–C4) are based on large-scale averaging or established models. The “leap of faith” in this PRA analysis is the last link, from the average site to a specific site, where it is assumed that experts can pick a better site than the average.
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Figure 4: Comparison of the Cohen simple PRA and a standard complex PRA. The bold arrows identify locations of the points of contention between Cohen (E) and Ewing et al. (2004) (EPK). A major contention concerns the difference between leaching from rock, glass, and fuel rods (upper left). Cohen acknowledged in the original paper that this issue needed more attention. The alleged conceptual errors (double-lined arrows) were dismissed by Cohen.
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