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NASA’s priorities for Earth Science are informed by the 2017-2027 Decadal Survey for Earth Science and Applications from Space of the National Academies of Sciences, Engineering and Medicine. In that document, five Designated Observables are identified as priorities for research, two of which are Aerosols, and Clouds, Convection, and Precipitation. NASA is addressing these two Designated Observables by a combined study (the Aerosols, Clouds, Convection, and Precipitation, or ACCP, study). The ACCP study team is formulating and assessing potential observing system concepts that respond to the thirty-four science objectives associated with both Designated Observables. For each alternative, the study team is assessing observing system concept cost and risk. Additionally, stakeholders within NASA have identified application and programmatic objectives of interest to the study.
In this context of the ACCP study’s multiple objectives and multiple stakeholders, heuristic-based approaches are insufficient to assess candidate observing system concepts due to the complexity of the decision problem. For the ACCP study, this complexity in assessment is such that absent a structured approach that permits understanding of the steps leading to a decision, the decision risks being made on an incomplete basis. To address this risk, the authors designed a Value Framework to introduce structure, transparency, and traceability in the decision-making process. The framework is built on decision science methods (the parts of the Value Framework that exist independent of a specific decision problem, such as best practices for defining objectives and alternatives or techniques for aggregating input from multiple stakeholders) and tailored processes (the parts of the Value Framework that are collaboratively developed between the designers of the Value Framework and the stakeholders of the specific decision problem, such as the selection of the decision science methods most suited to the problem or the techniques for facilitating and documenting conversations effectively and impartially) that together enable the study team to formulate and assess alternatives that respond to the study’s objectives. This framework establishes a consistent and common language across stakeholders who often have conflicting value systems, enables productive conversations, and acts as a documenting mechanism.
The communication of information and ideas between participants is central to any effective decision-making activity. While prose and numeric data both have their place in effective communication, visualizations play an important part not only in presenting information, but also in structuring conversations around that information. Here, the authors define a visualization as a representation of information and ideas in a form that conveys that information more rapidly and accessibly than prose or tabulated data alone would do. Each of the visualizations developed for the ACCP Value Framework serve at least one of several functions: it structures communication about a method or process, it facilitates the elicitation and aggregation of data, or it summarizes complex information to enable analysis. Thus, these visualizations can present information, structure conversations, or do both.
This paper presents examples of visualizations that serve one or more of the three functions, discusses the guiding principles behind their design and use, and identifies lessons learned from their implementation. To address the structuring of communication, the use of a consistent design scheme (choices of color, shape, size) throughout the development of products and the merits of using a visual rather than algebraic or prosaic decomposition to explain concepts are discussed, resulting in the development of visualizations that describe the concept of value, the nature of the science benefit score (used to quantify the degree to which an observing system concept achieves a science objective), and the representation of candidate observing system concepts. To facilitate elicitation and aggregation of data, the tailoring of survey design and the tensions of providing thorough but not overwhelming documentation are discussed relative to the development of a qualitative assessment of candidate architectures and the elicitation of utility scores (how important a given component of the science benefit is to achieving that benefit) through a consensus-building process. To summarize complex information, the emphasis on responsiveness to stakeholder’s evolving needs informs the development of a summary view of the data of each observing system concept developed in the study, as well as figures used to present information resulting from assessments of individual components of value.
Several guiding principles that inform visualization design are discussed. The purpose of the Value Framework is not to be a rigid quantitative arbiter to decide among alternatives; rather, it exists to foster collaboration among stakeholders. Thus, any visualization, whether a diagram of a process or a summary of assessment data, must facilitate conversations that advance the study’s goals; a design that is beautiful in the eye of the creator but ignored by its users is less useful than a design that responds to stakeholder’s evolving needs. The designer must also understand the level of fidelity of a visualization that is appropriate to the its use: while too little detail can undermine a justification, too much detail (or appearance of detail) can reduce the credibility of the entire approach. Similarly, a simple and clean design that presents only the information immediately relevant to the use of the visualization eases communication of the central point. Sometimes, the designer must provide what the stakeholder needs rather than what the stakeholder thinks they want, as the designer’s expertise with these principles will lead to visualizations that meet the stakeholder’s goals and objectives.
Although the lessons learned in the development and implementation of visualizations in the Value Framework derive from specific examples, the lessons can be generalized to be used in other visualization designs to aid decision-making. Experience through refinement taught the authors that representing value graphically as a wheel, rather than as an algebraic equation, made the concept more tractable for the scientists and engineers of the study team; the authors noted that using too mathematical an explanation produced unintended implications that distracted from the core message. The visual that best conveyed the dual concepts of Quality and Utility as components of Science Benefit came from an iterated development between the authors and one of the scientists; the authors observed that it was sometimes the intended beneficiaries of a visualization that could best refine that visualization to more effectively reach an audience. On multiple occasions, the ability to have a quickly designed and easily built visualization enabled conversations that would have been delayed had more effort been expended crafting a more precise representation; the authors found that in a rapidly-evolving situation, speed of execution in creating products that support decision-making can be more important than a search for perfection. 
The application of the visualization guiding principles (being responsive to the audience, tailoring fidelity to both the audience and the available data, and maintaining simplicity and focus) enable the design and implementation of visualizations that support the Value Framework’s introduction of structure, transparency, and traceability to the ACCP study. The examples described in this paper cover a diverse range of uses from facilitating conversations about process to aggregating data across the study’s objectives. The lessons learned from the Value Framework visualizations have not only contributed to the success of the Value Framework and the ACCP study, but also can be applied in other decision-making activities.
