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Towards Visual Explainable Active Learning
for Zero-Shot Classification

Shichao Jia, Zeyu Li, Nuo Chen, Student Member, IEEE, and Jiawan Zhang, Senior Member, IEEE
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Fig. 1. Semantic navigator is a mixed-initiative visual analytics system for zero-shot classification. (a) The machine asks contrastive
questions to guide analysts to come up with new attributes. (b) The semantic map explains the machine’s status and presents the label
recommendations (striped contours). Analysts select partial classes as positive (solid red contours) or negative (solid blue contours) to
adjust the label recommendations ((c) and (d)). (e) The line chart monitors the training accuracy for seen classes and testing accuracy
for unseen classes. (f) The class-attribute matrix is built interactively via collaboration between analysts and the machine.

Abstract—Zero-shot classification is a promising paradigm to solve an applicable problem when the training classes and test classes
are disjoint. Achieving this usually needs experts to externalize their domain knowledge by manually specifying a class-attribute matrix
to define which classes have which attributes. Designing a suitable class-attribute matrix is the key to the subsequent procedure, but
this design process is tedious and trial-and-error with no guidance. This paper proposes a visual explainable active learning approach
with its design and implementation called semantic navigator to solve the above problems. This approach promotes human-AI teaming
with four actions (ask, explain, recommend, respond) in each interaction loop. The machine asks contrastive questions to guide
humans in the thinking process of attributes. A novel visualization called semantic map explains the current status of the machine.
Therefore analysts can better understand why the machine misclassifies objects. Moreover, the machine recommends the labels of
classes for each attribute to ease the labeling burden. Finally, humans can steer the model by modifying the labels interactively, and
the machine adjusts its recommendations. The visual explainable active learning approach improves humans’ efficiency of building
zero-shot classification models interactively, compared with the method without guidance. We justify our results with user studies using
the standard benchmarks for zero-shot classification.

Index Terms—Active Learning, Explainable Artificial Intelligence, Human-AI Teaming, Mixed-Initiative Visual Analytics

1 INTRODUCTION
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Zero-shot classification [71] is a dominant and promising learning
paradigm, aiming to recognize instances that are unseen during training.
Compared with traditional supervised classification, which needs enor-
mous labeled training data and can only classify instances covered by
seen classes, zero-shot classification is more applicable and more like
the human reasoning process. Humans can recognize unseen objects
once we provide the description of objects. For example, we can teach
children to recognize zebras by describing that zebras look like horses
with black and white stripes. Zero-shot classification is based on this
idea, and due to its practical value, it gains lots of attention in recent
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Feature Curves and Surfaces of 3D Asymmetric Tensor Fields
Shih-Hsuan Hung, Yue Zhang, Member, IEEE, Harry Yeh, Eugene Zhang, Senior Member, IEEE

(a) all features (b) degenerate surfaces (c) neutral surfaces (d) balanced surfaces
Fig. 1: We introduce a number of topological feature curves and surfaces for 3D asymmetric tensor fields, such as the velocity
gradient tensor of the Lorenz attractor [15] (a). These surfaces include (b) linear degenerate surfaces (green) and planar degenerate
surfaces (yellow), (c) real neutral surfaces (orange) and complex neutral surfaces (red), and (d) linear balanced surfaces (blue)
and planar balanced surfaces (magenta). Note that all of these surfaces intersect exactly at the triple degenerate curves (black).
Furthermore, these surfaces exhibit a two-way rotational symmetry. Our analysis leads to an eigenvalue space for the analysis of 3D
asymmetric tensor fields (Section 4). In addition, our topological feature surfaces separate the two critical points in the attractor
where steady convection occurs ((a): the centers of the swirls in the butterfly-shaped trajectory).

Abstract— 3D asymmetric tensor fields have found many applications in science and engineering domains, such as fluid dynamics
and solid mechanics. 3D asymmetric tensors can have complex eigenvalues, which makes their analysis and visualization more
challenging than 3D symmetric tensors. Existing research in tensor field visualization focuses on 2D asymmetric tensor fields and
3D symmetric tensor fields. In this paper, we address the analysis and visualization of 3D asymmetric tensor fields. We introduce
six topological surfaces and one topological curve, which lead to an eigenvalue space based on the tensor mode that we define. In
addition, we identify several non-topological feature surfaces that are nonetheless physically important. Included in our analysis are
the realizations that triple degenerate tensors are structurally stable and form curves, unlike the case for 3D symmetric tensors fields.
Furthermore, there are two different ways of measuring the relative strengths of rotation and angular deformation in the tensor fields,
unlike the case for 2D asymmetric tensor fields. We extract these feature surfaces using the A-patches algorithm. However, since
three of our feature surfaces are quadratic, we develop a method to extract quadratic surfaces at any given accuracy. To facilitate the
analysis of eigenvector fields, we visualize a hyperstreamline as a tree stem with the other two eigenvectors represented as thorns
in the real domain or the dual-eigenvectors as leaves in the complex domain. To demonstrate the effectiveness of our analysis and
visualization, we apply our approach to datasets from solid mechanics and fluid dynamics.

Index Terms—Tensor field visualization, 3D asymmetric tensor fields, tensor field topology, traceless tensors, feature surface extraction,
degenerate surfaces, neutral surfaces, balanced surfaces, triple degenerate curves

1 INTRODUCTION

Asymmetric tensor fields appear in many scientific and engineering
applications. In fluid dynamics, the gradient of the velocity is an asym-
metric tensor field that encodes fundamental behaviors such as rotation,
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angular deformation (also known as pure shear), and volumetric de-
formation. Similar behaviors are encoded in the deformation gradient
tensor in solid mechanics. While these types of motions can be under-
stood by visualizing the vector field itself, tensor field visualization
provides a more direct visual representation [18].

Existing visualization techniques for 3D asymmetric tensor fields
have focused on three different approaches. First, the tensor field is an-
alyzed locally, with a focus on designing proper glyph representations
for tensors [8]. Second, the topological structures of the symmetric
part of the tensor field are extracted and visualized [17]. However,
asymmetric tensors can have complex eigenvalues which lead to fea-
tures and structures that are not well preserved by the symmetric part
of the tensor field (Figure 2). Third, researchers have attempted to
understand 3D asymmetric tensor fields by performing 2D analysis
on the projection of the tensor field on some probe planes or surfaces.
Unfortunately, where the projected tensors have complex eigenvalues
does not usually coincide with the complex domain of the original 3D
tensor field. These difficulties highlight a fundamental need to perform
topological analysis and visualization directly on 3D asymmetric tensor
fields, rather than their projection on 2D or their symmetric part.
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BigVis 2022 Workshop Topics

• Visualization, exploration & analytics techniques for various data types; e.g., stream, spatial, graph
• Human-in-the-loop processing
• Human-centered databases
• Data modeling, storage, indexing, caching, prefetching & query processing for interactive applications
• Interactive & human -centered machine learning
• Interactive data mining
• User -oriented visualization; e.g., recommendation, assistance, personalization
• Visualization & knowledge; e.g., storytelling
• Progressive analytics
• In-situ visual exploration & analytics
• Novel interface & interaction paradigms
• Visual representation techniques; e.g., aggregation, sampling, multi-level, filtering
• Scalable visual operations; e.g., zooming, panning, linking, brushing
• Scientific visualization; e.g., volume visualization
• Analytics in the fields of scholarly data, digital libraries, multimedia, scientific data, social data, etc.

Immersive visualization
• Interactive computer graphics
• Setting-oriented visualization; e.g., display resolution/size, smart phones, visualization over networks
• High performance, distributed & parallel techniques
• Visualization hardware & acceleration techniques
• Linked Data & ontologies visualization
• Benchmarks for data visualization & analytics
• Case & user studies
• Systems & tools 



Miriah Meyer (https://miriah.github.io/projects/)



Example of postdoc position in critical datavis

• The research will focus on how visualization tools impact the ways that data is 
understood, imagined, valued or dismissed through situated, visual analysis 
practices with and by domain experts, and how these understandings are 
entangled in collaborations with visualization designers and tool development. 

• Feminist research on visual analysis tools is an emerging international field of 
inquiry, and addresses how data and digital visualization technologies are 
entangled in the practices of doing and making science but also in the norms 
and values of social groups. 

• This position will engage with critical analyses of intersectional power dynamics 
in visualization practices and technologies as well as questions about social 
justice and the design of effective tools, where ‘effective’ is unpacked. 

• The research will involve ethnographic fieldwork in expert settings and is 
expected to result in pragmatic recommendations for designing more 
ethical, responsible, and inclusive visual analysis tools.

https://liu.se/en/work-at-liu/vacancies?rmpage=job&rmjob=18009&rmlang=UK

https://liu.se/en/work-at-liu/vacancies?rmpage=job&rmjob=18009&rmlang=UK


From Data to Visualization

Numeric data on left -> visualization on right

http://vislab.mat.ucsb.edu/2020/p2/Lu_Ye/index.html



4 Fundamental Visualization Methods

• Spatial Organization (Global to detail)
• Hierarchical Encoding: Color, Scaling, etc.
• Clustering & Classification
• Labeling (on demand/turn ON or OFF)



Rules in spatializing & organizing data

• Use full screen for final version (use small screen during development)
• Subdivide Screen (rule of thirds; or according to any set of rules)
• Use invisible grid system to determine how things are placed

http://www.flickr.com/photos/krazydad/sets/140323/



Data Organization Within a Grid System



Grid System (Joseph Müller-Brockmann)

All things lined up according to a (hidden) grid



Pixel-Data: The Most Basic Unit

http://vislab.mat.ucsb.edu/2019/p1/Jiaheng_Tang/index.html



Frequency Mapping

Bio-Rhythm: Frequency Map Reveals Patterns



Network & Nodes

Non-Grid Spatial Distribution

https://www.elsevier.com/editors-update/story/practical-tips/how-to-generate-journal-insights-using-visualization-
techniques



http://www.visualcomplexity.com/vc//how-to-generate-journal



Node Mosaic (combines nodes and grid - Somewhat like a bin-packing 
algorithm)

Node Mosaic Spatial Distribution

https://www.elsevier.com/editors-update/story/practical-tips/how-to-generate-journal-insights-using-visualization-
techniques



Color Coding & Clustering

Treemap: Smart Money

http://www.bewitched.com/marketmap.html

http://www.bewitched.com/marketmap.html


Color Coding & Clustering

Heatmap: Magnitude of phenomenon using color either by hue or intensity



2 modes in computing: 
• RGB (Red, Green, Blue) Additive system
• HSB (Hue, Saturation, Brightness) // best to use this as you can 

control all colors hues (0-255), or saturation (0-255)

Color Impact greatly depends on the relationships
• Colorpicker: http://tristen.ca/hcl-picker/#/hlc/6/1/20313E/EFEE68
• HCL Wizard: http://hclwizard.org/hclcolorpicker/
• w3Schools: https://www.w3schools.com/colors/colors_picker.asp

Some geeky discussions: https://www.vis4.net/blog/2011/12/avoid-
equidistant-hsv-colors/

How to Pick Colors (limit to max of 12)

http://tristen.ca/hcl-picker/
http://hclwizard.org/hclcolorpicker/
https://www.w3schools.com/colors/colors_picker.asp
https://www.vis4.net/blog/2011/12/avoid-equidistant-hsv-colors/


Fonts Recommendation (Swiss Graphic Design)

Sans Serif ()
• This is Arial designed for Windows but also works well on Mac
• This is Acumin (from Adobe designed in 1989)
• This is Courier (looks like industrial IBM typewriter)
• This is Futura, Bauhaus aesthetic from 1927
• This is Helvetica developed in 1957 has been adopted by industry
• This is Univers font in bold
• This is Univers Condensed often used in book publishing

Serif (Decorative Stroke)
• This is Baskerville designed in 1750 in Birmingham, England
• This is Times New Roman designed in 1931, popular for documents



Schneiderman’s Data Visualization Design

• Overview: Gain an overview of the entire collection
• Zoom : Zoom in on items of interest
• Filter: filter out uninteresting items
• Details-on-demand: Select an item or group and get details when 

needed
• Relate: View relationships among items
• History: Keep a history of actions to support undo, replay, and 

progressive refinement
• Extract: Allow extraction of sub-collections and of the query 

parameters 

https://www.mat.ucsb.edu/~g.legrady/academic/courses/11w259/schneiderman.pdf/



Goals & Challenges

• Visualizing data increases accessibility in meaning, and identifies 
relationships

• Because data is illustrated in flat media, most visualizations are 2D 
but 3D and interactivity increase opportunities to study the data

• Explorative Data Visualization – Let the data reveal its relationship 
through the visualization

From Nelson Goodman, “Languages of Art”

• Syntax: a set of rules by which language is structured. Also applies 
to visualization

• Semantic: The study of meaning. In what ways, does visual 
elements convey meaning? To what degree does changing the 
visual elements transform meaning? 



25 Top DVDs By Month from 2006-2017



25 Top DVDs By Month from 2006-2017



25 Top DVDs By Month from 2006-2017
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25 Top DVDs By Month from 2006-2017



25 Top DVDs By Month from 2006-2017



• Visualizing data increases accessibility in meaning, and identifies 
relationships

• Because data is illustrated in flat media, most visualizations are 2D 
but 3D and interactivity increase opportunities to study the data

• Explorative Data Visualization – Let the data reveal its relationship 
through the visualization

From Nelson Goodman, “Languages of Art”

• Syntax: a set of rules by which language is structured. Also applies 
to visualization

• Semantic: The study of meaning. In what ways, does visual 
elements convey meaning? To what degree does changing the 
visual elements transform meaning? 
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Next: Weihao to do live coding of the 
2D graph…


