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        Scientific Foundations

        The scientific foundations of Visual Analytics lie primarily in the
domains of Visualization and Data Mining. Indirectly, it
inherits from other established domains such as graphic design,
Exploratory Data Analysis (EDA), statistics, Artificial Intelligence
(AI), Human-Computer Interaction (HCI), and Psychology.

        The use of graphic representation to understand abstract data is a
goal Visual Analytics shares with Tukey's Exploratory Data Analysis
(EDA)  [71], graphic designers such as
Bertin  [60] and Tufte  [70], and
HCI researchers in the field of Information
Visualization  [59].

        EDA is complementary to classical statistical analysis. Classical
statistics starts from a problem, gathers data, designs a
model and performs an analysis to reach a
conclusion about whether the data follows the model. While EDA
also starts with a problem and data, it is most useful before
we have a model; rather, we perform visual analysis to discover what
kind of model might apply to it. However, statistical validation is
not always required with EDA; since often the results of visual
analysis are sufficiently clear-cut that statistics are unnecessary.

        Visual Analytics relies on a process similar to EDA, but expands its
scope to include more sophisticated graphics and areas where
considerable automated analysis is required before the visual analysis
takes place. This richer data analysis has its roots in the domain of
Data Mining, while the advanced graphics and interactive exploration
techniques come from the scientific fields of Data Visualization and
HCI, as well as the expertise of professions such as cartography and
graphic designers who have long worked to create effective methods for
graphically conveying information.

        The books of the cartographer Bertin and the graphic designer Tufte
are full of rules drawn from their experience about how the meaning of
data can be best conveyed visually. Their purpose is to find
effective visual representation that describe a data set but also
(mainly for Bertin) to discover structure in the data by using the
right mappings from abstract dimensions in the data to visual ones.

        For the last 25 years, the field of Human-Computer Interaction (HCI)
has also shown that interacting with visual representations of data in
a tight perception-action loop improves the time and level of
understanding of data sets. Information Visualization is the branch
of HCI that has studied visual representations suitable to
understanding and interaction methods suitable to navigating and
drilling down on data. The scientific foundations of Information
Visualization come from theories about perception, action and
interaction.

        Several theories of perception are related to information
visualization such as the “Gestalt” principles, Gibson's theory of
visual perception  [64] and Triesman's “preattentive
processing” theory  [69]. We use them extensively
but they only have a limited accuracy for predicting the effectiveness
of novel visual representations in interactive settings.

        Information Visualization emerged from HCI when researchers
realized that interaction greatly enhanced the perception of visual
representations.

        To be effective, interaction should take place in an interactive loop
faster than 100ms. For small data sets, it is not difficult to
guarantee that analysis, visualization and interaction steps occur in
this time, permitting smooth data analysis and navigation. For larger
data sets, more computation should be performed to reduce the data
size to a size that may be visualized effectively.

        In 2002, we showed that the practical limit of InfoVis was on the
order of 1 million items displayed on a
screen  [62]. Although screen
technologies have improved rapidly since then, eventually we will be
limited by the physiology of our vision system: about 20 millions
receptor cells (rods and cones) on the retina. Another problem will
be the limits of human visual attention, as suggested by our 2006
study on change blindness in large and multiple
displays  [61]. Therefore, visualization alone cannot
let us understand very large data sets. Other techniques such as
aggregation or sampling must be used to reduce the visual complexity
of the data to the scale of human perception.

        Abstracting data to reduce its size to what humans can understand is
the goal of Data Mining research. It uses data analysis and machine
learning techniques. The scientific foundations of these techniques
revolve around the idea of finding a good model for the data.
Unfortunately, the more sophisticated techniques for finding models
are complex, and the algorithms can take a long time to run, making
them unsuitable for an interactive environment. Furthermore, some
models are too complex for humans to understand; so the results of
data mining can be difficult or impossible to understand directly.

        Unlike pure Data Mining systems, a Visual Analytics system provides
analysis algorithms and processes compatible with human perception and
understandable to human cognition. The analysis should provide
understandable results quickly, even if they are not ideal. Instead
of running to a predefined threshold, algorithms and programs should
be designed to allow trading speed for quality and show the tradeoffs
interactively. This is not a temporary requirement: it will be with
us even when computers are much faster, because good quality
algorithms are at least quadratic in time (e.g. hierarchical
clustering methods). Visual Analytics systems need different
algorithms for different phases of the work that can trade speed for
quality in an understandable way.

        Designing novel interaction and visualization techniques to explore
huge data sets is an important goal and requires solving hard
problems, but how can we assess whether or not our techniques and
systems provide real improvements? Without this answer, we cannot
know if we are heading in the right direction. This is why we have
been actively involved in the design of evaluation methods for
information
visualization  [68], [67], [65], [66], [63]. For
more complex systems, other methods are required. For these we want
to focus on longitudinal evaluation methods while still trying to
improve controlled experiments.
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          Declarative Rendering Model for Multiclass Density Maps
        

        Participants :
	Jaemin Jo [Dept. of Computer Science and Engineering, Seoul National University, South Korea] , Pierre Dragicevic, Jean-Daniel Fekete [correspondent] .
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	3. Design alternatives for a four-class density map.
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        Multiclass maps are scatterplots, multidimensional projections, or thematic geographic maps where data points have a categorical attribute in addition to two quantitative attributes. This categorical attribute is often rendered using shape or color, which does not scale when overplotting occurs. When the number of data points increases, multiclass maps must resort to data aggregation to remain readable. We use a novel model called multiclass density maps: multiple 2D histograms computed for each of the category values. Multiclass density maps are meant as a building block to improve the expressiveness and scalability of multiclass map visualization. This library implements our declarative model: a simple yet expressive JSON grammar associated with visual semantics, that specifies a wide design space of visualizations for multiclass density maps. Our declarative model is expressive and can be efficiently implemented in visualization front-ends such as modern web browsers. Furthermore, it can be reconfigured dynamically to support data exploration tasks without recomputing the raw data. Finally, we demonstrate how our model can be used to reproduce examples from the past and support exploring data at scale.

        More on the project page: Multiclass Density Maps.
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          Reducing Affective Responses to Surgical Images through Color Manipulation and Stylization
        

        Participants :
	Lonni Besançon [Linköping University Norrköping, Sweden] , Amir Semmo [Hasso Plattner Institute, University of Potsdam, Germany] , David Biau [Assistance Publique – Hôpitaux de Paris, France] , Bruno Frachet [Assistance Publique – Hôpitaux de Paris, France] , Virginie Pineau [Institut Curie, France] , El Hadi Sariali [Assistance Publique – Hôpitaux de Paris, France] , Rabah Taouachi [Institut Curie, France] , Tobias Isenberg, Pierre Dragicevic [correspondant] .
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	4. One of the surgery filters used in our study.
            
              	
                
                  
                    	
                      [image: IMG/surgeryfilters.jpg]
                    
                  

                

              
            

          

        

        We presented the first empirical study on using color manipulation and stylization to make surgery images more palatable [38]. While aversion to such images is natural, it limits many people's ability to satisfy their curiosity, educate themselves, and make informed decisions. We selected a diverse set of image processing techniques, and tested them both on surgeons and lay people. While many artistic methods were found unusable by surgeons, edge-preserving image smoothing gave good results both in terms of preserving information (as judged by surgeons) and reducing repulsiveness (as judged by lay people). Color manipulation turned out to be not as effective.

        This study is an initial investigation but opens up exciting avenues for future research. These include supporting surgery videos, other types of medical images than open surgery (e.g., skin diseases), as well as disturbing imagery outside the medical domain, such as offensive user-generated content that can psychologically impact professionals who monitor it.

        All supplemental material is on the OSF page: osf.io/4pfes/.
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          Conceptual and Methodological Issues in Evaluating Multidimensional Visualizations for Decision Support
        

        Participants :
	Evanthia Dimara [ISIR, Sorbonne Université, France] , Anastasia Bezerianos [ISIR, Sorbonne Université, France] , Pierre Dragicevic [correspondant] .

        
          
            
          
          
            Figure
	5. The three visualization techniques tested in our study.
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        We explored how to rigorously evaluate multidimensional visualizations for their ability to support decision making [22]. We first defined multi-attribute choice tasks, a type of decision task commonly performed with such visualizations. We then identified which of the existing multidimensional visualizations are compatible with such tasks, and evaluated three elementary visualizations: parallel coordinates, scatterplot matrices and tabular visualizations. Our method consisted in first giving participants low-level analytic tasks, in order to ensure that they properly understood the visualizations and their interactions. Participants were then given multi-attribute choice tasks consisting of choosing holiday packages. We assessed decision support through multiple objective and subjective metrics, including a decision accuracy metric based on the consistency between the choice made and self-reported preferences for attributes. We found the three visualizations to be comparable on most metrics, with a slight advantage for tabular visualizations. In particular, tabular visualizations allowed participants to reach decisions faster. Thus, although decision time is typically not central in assessing decision support, it can be used as a tie-breaker when visualizations achieve similar decision accuracy. Our results also suggest that indirect methods for assessing choice confidence may allow to better distinguish between visualizations than direct ones.

        All supplemental material is on the project web page: aviz.fr/dm.
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          Pondering the Concept of Abstraction in (Illustrative) Visualization
        

        Participants :
	Ivan Viola [TU Wien, Austria and KAUST, Kingdom of Saudi Arabia] , Tobias Isenberg [correspondant] .
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	10. Illustration of the abstraction concept.
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        We discussed the concept of directness in the context of spatial interaction with visualization (Figure 10). In particular, we proposed a model (autoreffig:directness) that allows practitioners to analyze and describe the spatial directness of interaction techniques, ultimately to be able to better understand interaction issues that may affect usability. To reach these goals, we distinguished between different types of directness. Each type of directness depends on a particular mapping between different spaces, for which we consider the data space, the visualization space, the output space, the user space, the manipulation space, and the interaction space. In addition to the introduction of the model itself, we also showed how to apply it to several real-world interaction scenarios in visualization, and thus discussed the resulting types of spatial directness, without recommending either more direct or more indirect interaction techniques. In particular, we demonstrated descriptive and evaluative usage of the proposed model, and also briefly discussed its generative usage.

        More on the project Web page: https://tobias.isenberg.cc/VideosAndDemos/Bruckner2018MSD.
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