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A Vision/Introduction

The general hypothesis in this thesis work is that evaluations for visualization can be made faster and more
methodical by leveraging underutilized resources. This work will focus on three areas that have not been well
explored: 1) clarifying the design space of current evaluation methods, considering emerging technologies like
crowdsourcing and design models; 2) designing and validating new evaluation methods that combine expert and
non-expert study participants; 3) extracting general visualization design guidelines from both domain-specific
visualizations and other visual artifacts (e.g., PowerPoint presentations, or academic conference posters). Ex-
pected deliverables include a taxonomy and interface that facilitate better utilization of the evaluation design
space; new paradigms and interface technologies for crowd-powered visual analysis and evaluation, as well
as combined crowd+expert evaluations; and methods for extracting design guidelines from handcrafted visual-
izations. These contributions will be evaluated using both quantitative and qualitative methods using domain
scientists and non-experts (e.g., crowd workers on Amazon Mechanical Turk, called “Turkers”). The driving con-
cept behind this work is enabling next-generation evaluation technologies, which | call magic-button evaluations,
that require minimal effort for the toolsmith to plan and execute.

This work is grounded in human-computer interaction. Human factors directly affect how quickly or accu-
rately visual information can be internalized and reasoned about during hypothesis generation and validation.
Some factors, like usability, can be evaluated without knowledge of the visualization itself; an example is check-
ing whether interfaces support essential analysis operations like “undo” or mechanisms for saving or annotating
progress. Domain-dependent factors also exist; for instance, a tractography visualization of brain white-matter
fiber bundles might be illegible if too many bundles are drawn, or not very useful for sensemaking if too few
bundles are drawn. A challenge in this work is producing methods and workflows that decompose domain-
dependent evaluation tasks into unit tasks that do not require domain knowledge. If this succeeds, evaluations
that typically depend on scarce populations of experts (e.g., the 2 or 3 brain scientists at a given university study-
ing white-matter degeneration) could be scaled up and distributed across many non-experts or crowd workers.
The result is stronger tool evaluations that are easier to orchestrate.

Additional contributions will be made in the scientific domains — in particular, brain science — that | will test
evaluation tools in. As part of this research, | will perform application development on brain network visualiza-
tions with collaborators inside and outside Brown University. The research process will be interdisciplinary, draw
on current work in human-computer interaction, cognitive psychology, both scientific visualization (“scivis”) and
information visualization (“infovis”), and user interface design. As such, there is a large community that will be
excited by advancing the research problems proposed in this thesis. As the “big data” era continues to increase
the demand for visualizations and sensemaking tools, | believe systematically validating these tools will have
high impact and facilitate broader scientific progress.

B Specific Aims

B.1 Reduce the time and effort of planning appropriate evaluation methods by building a
comprehensive, searchable taxonomy of techniques. This aim is about articulating the design space
of evaluation methods for visualization, so that designers can quickly find appropriate methods to validate new
tools. Expected contributions of this aim are below.

A taxonomy of visualization evaluation methods. Some design and evaluation guidelines exist for user
interfaces; we will synthesize these into one taxonomy that considers combined expert, non-expert, and au-
tomated evaluation methods. All papers in the proceedings of the major conferences at Visweek 2011 (Visu-
alization, InfoVis, and VAST) will be coded to refine the taxonomy and build a small dataset of exemplar tool
evaluations, and demonstrate the distribution of these methods in practice. The taxonomy will be evaluated with
a design space analysis; expressiveness of the taxonomy will be demonstrated by our ability to code all evalua-
tions seen in the proceedings, which describe state-of-the-art systems in scientific and information visualization
and visual analytics.

An interactive visual tool for finding relevant visualization evaluation methods. An interactive visual
interface will be built to let users explore the taxonomy design space. It will include both a map visualization
of the space, showing thumbnails with linked publications that have been coded with the taxonomy. It will also
include a recommendation interface that can suggest evaluation methods based on project description text or
a bibliography of related tools. The interface will be evaluated anecdotally by participants who will be asked to
design evaluations for proposed systems both manually and using the taxonomy interface.
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B.2 Improve the speed of visualization prototyping by validating and leveraging non-expert
participation in visualization evaluation and design. This aim explores new methods for visualization
design and evaluation that leverage combined expert, crowd, and machine resources; we hypothesize that
completing Aim A1 will demonstrate that this part of the evaluation design space is underutilized. Expected
contributions of this aim are below.

Evaluation of which visual analysis tasks non-experts (e.g., Turkers) do relatively well compared to
visualization or data-domain experts, and which ones they do poorly. An interactive, online visualization
testbed will be created and used to evaluate task performance from expert and non-expert users. A subset of
visual analytics tasks will be selected from [17] and fit to specific tasks in the testbed. Finally, | will conduct con-
trolled experiments with both visualization experts and crowd workers on Mechanical Turk, and give quantitative
and anecdotal comparisons of task performance (time and accuracy) for these tasks, and concluding guidelines
for the types of tasks non-experts can do well and poorly.

Design patterns for evaluating visualization with a crowd or crowd+expert combination. Based on
findings from the previous contribution, one or more design patterns will be created for crowdsourcing visual-
ization analysis tasks. These patterns will describe general workflows for using the crowd effectively, similar to
Bernstein et al's Find-Fix-Verify [8]. An interface for experts to help specify crowd evaluation metrics will be
created and used to test and iterate on these workflows. We will anecdotally evaluate the cost and effectiveness
of expert-guided crowd workflows using domain scientists. The entire crowd+expert visualization evaluation
paradigm will be anecdotally evaluated by at least one designer of brain circuit diagrams.

Learn and validate design guidelines for scientific visualization by analyzing visual artifacts
from both domain experts and non-experts. We will complete a novel design evaluation of handcrafted
visualizations. Manually created visualizations, like slideshows or diagram sketches, will be analyzed to learn vi-
sualization design guidelines. Qualitative methods (e.g., interviews, critiques, etc.) will complement quantitative
analysis on collected datasets. Expected contributions of this aim are below.

Extracting guidelines from handcrafted visualizations in scientific and general domains. Published
handcrafted visualizations of brain circuit diagrams will be collected and posted online to collect scientist and
designer critiques. The images and collected critiques will analyzed using qualitative and computational meth-
ods to learn layout rules and other domain conventions for these visualizations. Non-scientific or more informal
handmade visualizations, like slideshows, whiteboard sketches, and conference posters, will also be analyzed
to produce design guidelines. These guidelines will be used to construct models of visualization quality that
will be evaluated quantitatively by comparing model-based quality assessment against assessment scores of
domain experts.

C Background and Significance
In this section, | discuss the related work and significance for each aim described in Sec. §B.

C.1 Evaluation taxonomy for visualization and design-space recommender tools.

C.1.1 Significance A comprehensive taxonomy of evaluation methods for visualization does not exist, and
would add transparency and inform tool developers about how to measure their contributions. It is unclear
whether the lack of a standard taxonomy is a result or cause of evaluation challenges, as underscored by
Plaisant [29]. Nonetheless, it could lead to the kinds of evaluation benchmarks that are necessary for tool
comparisons. Standard benchmarks are common in fields like natural language processing and computer
vision but are rare in visualization, possibly due to the difficulty of quantifying usability and insight. Another
challenge is that comparable visualization tools sometimes use different evaluation methods. A recommender
system that suggests how to evaluate a tool based on its characteristics and on similar tools could lead to more
effective visualization tool comparisons and conclusions about feature design.

C.1.2 Background Taxonomies have been used in the visualization community to characterize different vi-
sual representations. One of the earliest examples is Bertin’s classification of that retinal variables — like glyph
color, shape, and size — that can encode data attributes [9]. At a higher level, other work has been important
in illustrating subtle differences between visualization constructs when many representation choices exist, as in
tree visualizations. Recently, Jurgensmann et al. created an interactive visual map of tree visualizations that
illustrates the design space of tree visualization types and lets users locate example applications using these
different representations [22, 33] (see Fig. §1). In the proposed work, we will create a visual, searchable survey
of evaluation methods similar to the Treevis.net visualization.
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Figure 1: Some tree visualization methods surveyed in Treevis.net.

Recommender systems have also been used previously in visualization to select visual representations for
a data selection. One of the earliest works in this area was Mackinlay’s ATP [25], which automatically designed
charts for relational data of with several types. This has been extended recently as part of Tableau’s “Show
Me!” feature [26], and is related to the aim of ReVision [32], which extracts data and re-visualizes chart bitmaps
using prescribed design rules. Rather than recommending visual representations, our aim is to recommend
evaluation methods for a given visualization tool.

C.2 Combined expert+crowd evaluation patterns.

C.2.1 Significance The proposed research will help prescribe new workflows that leverage combined re-
sources (expert, non-experts, and machines) to make visualization evaluation faster for developers to plan and
execute. Crowdsourcing has become a popular tool for solving large-scale sets of unit tasks that humans are
good at but are difficult for machines, e.g., object detection or recognition in images. As such, crowdsourcing
presents an exciting opportunity for new evaluation technologies in scientific visualization, which is often forced
to rely on small sample sizes of domain experts.

The focus of this work is on design patterns and workflows for crowdsourcing evaluation, rather than simply
new applications. Inventing these workflows is non-trivial [1] and will have impact for applications beyond the
tools | will develop.

C.2.2 Background Understanding which kinds of tasks crowds do well, and why, provides some direction
for work in this area. Heer et al. demonstrated that a basic visual analysis task — interpreting numeric values
from chart types — can be done reliably with Turkers [16]. Going beyond simple chart perception into eval-
uations of spatial visualizations, or node-link diagrams, will require more kind of analysis tasks to be tested.
Visual analytics research has provided some study of what scientists and analysts actually do with exploratory
visualization. Amar et al. gave a set of low-level analysis tasks [4], including identifying extrema or outliers and
filtering in data. More recently, Heer and Shneiderman presented a three-tier set of analysis and manipulation
activities, including higher level actions like annotation [17]. One focus of these efforts is to provide a necessary
set of criteria for visual analytics systems; i.e., defining which analyst activities a visualization environment must
support. They also suggest benchmark tasks to evaluate the abilities of analysts, including crowd workers like
Turkers.

Important work has recently focused on design patterns for crowd-powered interfaces, like Bernstein et al’s
Find-Fix-Verify (FFV) pattern [8]. FFV was demonstrated in a word processor that uses Turkers to identify
problematic text (for instance, when text is too long or could otherwise be edited), suggest edits, and verify
those edits. That pattern may not be directly transferable to visual analysis tasks; the “Fix” step, for example,
does not make sense for content that cannot be edited, like visualizations.

Guiding crowd workers has been explored as a way to improve crowd task quality. Bernstein et al. used
dynamic refinement of the search space for a crowd task that involved selecting important frames in a video
sequence [7]. This refinement works because crowd workers can find approximate solutions for this task quickly,
and can be used to shepherd multiple workers toward a consensus solution. The task also recruited workers
on a retainer model to get realtime responses. Another tool that used this approach was VizWiz [10], which
leveraged realtime crowd responses to identify objects and provide descriptions of phone-captured photographs.
Retained workers could be used as part of a pattern for guiding crowd visualization evaluations using recruited
and retained domain experts. Another crowd-guiding tool is Turkomatic [23], which uses Turkers to either solve
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a task as-written or refine it for other workers. In this way, the original task requester needs only to provide a
high-level description of tasks. In our work, we will consider how domain experts can help design or refine tasks
when crowd workers struggle.

C.3 Handcrafted visualization and language analysis for design guidelines.

C.3.1 Significance In leveraging all resources for improved visualization and evaluation, handcrafted visu-
alizations and diagrams might contain important visual conventions for data domains. For instance, biologists
studying protein interactions have used stylized node-link diagrams to represent interaction pathways. It makes
sense that new computer-generated visualizations that adhere to accepted handcrafted conventions might have
better comprehension or recall for these biologists than other visualizations. While design studies have been
used to learn some rules from handcrafted visualizations, visualization research will benefit from easy to repli-
cate, systematic methods that use machine learning or other techniques to extract design conventions from
existing visualizations. In addition to using these extracted rules to make better visualizations, they can also be
used as evaluation criteria.

C.3.2 Background Effective visualization design can be subtle or even counterintuitive. For instance, recent
research has shown that “junk ink”, which includes visual details that do not explicit encode information, can
improve chart memorability and comprehension [5]; systematically adding visual difficulties can improve infor-
mation visualizations [19]; and designing discomfort into interactions can enable more enlightening experiences
[6]. Design studies that identify rules from handcrafted visualizations have been used to improve route maps
[2, 3] and exploded-view assembly diagrams [24]. In these cases, software was built to generate these kinds of
visualizations automatically. Another recent project called ReVision presents a method to interpret and redesign
simple information visualizations, like bar charts, automatically using basic design rules [32]. Similarly, we plan
to use of computer vision and machine learning to learn and apply design rules.

Non-traditional visualizations have also been studied for design. Whiteboards were examined as sponta-
neous visualizations and coded for recognizable information visualization constructs [34]. We extended the
ideas in this work to characterize marks in electronic slideshows and whiteboard talks from graduate students
and found discipline-specific design patterns in visual presentations [14]. Metoyer et al. recently studied de-
scriptions of information visualizations [27]. The resulting guidelines from these works are fairly general, though
focusing on scientific visualizations might reveal domain-specific design rules.

D Preliminary Work
In this section, | discuss preliminary work toward the Aims 2 and 3 described in Sec. §B. | also give an overview
of resources and established collaborations that will be leveraged in the proposed research.

D.1 Combined expert+crowd evaluation patterns. Intwo previous projects, Tome and Crowd Control,
we have established that some expert tasks related to user interface evaluation and visual analysis can be
replicated or approximated by crowds. In both cases, traditionally ‘expert’ tasks are completed by non-experts,
reducing expert involvement without significant loss of task quality.

Tome The Tome project is aimed at making quantitative user-interface evaluations faster to execute. Tome is a
framework that automatically compiles and exports interaction histories as end users interact with instrumented
user interfaces; after collecting histories from a crowd of end users, Tome builds predictive models that charac-
terize how the crowd completes specific tasks [15]. The output of Tome is project files for CogTool [21], a popular
mockup-based performance modeling tool that lets visualization developers modify, explore, and compute time
predictions for the tasks models built by Tome.

The main contribution of Tome is a novel approach to evaluation: applications are instrumented during de-
velopment, then deployed like other applications to end users. As end users complete tasks with the application,
they are passively providing data for evaluation that can be collected and aggregated by the Ul developer. Tome
then generates baseline performance models for the deployed Ul, and these models can be modified with Cog-
Tool to test new Ul features, as demonstrated in [15]. Using aggregated histories from a crowd of end users is a
novel extension of Hudson et al.’s CRITIQUE instrumentation system [18]; Tome uses filtering to model canoni-
cal task strategies without knowing them a priori, while CRITIQUE requires an expert user to demonstrate task
executions.

Crowd Control We evaluated a workflow we called Crowd Control that asks crowd workers to assess image
quality features. The goal of Crowd Control is to provide a crowd-powered quality control (QC) system for
MRI scans that lets expert scientists offload some time-consuming visual analysis tasks. QC is an important
step for neuroscientists using brain imaging for hypothesis generation, but as one brain science collaborator
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commented, there sometimes isn’t enough “RA [research assistant] power” to do QC on each scan. If the visual
analysis tasks involved in QC can be done by a scalable, non-expert workforce like Turkers, crowdsourcing may
be a viable approach to assessing quality for large imaging datasets.

We interviewed a brain scientist whose group numerically scores image quality (on a scale of 0 to 3) in
MRI acquisitions. This scoring task was converted into Mechanical Turk tasks to evaluate how well internet
workers could perform image contrast assessment using only a couple scoring examples [12]. A 3x2 study
asked Turkers to score MRI scans with 3 distinct contrast levels for 2 projection views, axial and sagittal, and 20
scores were collected for each condition for a total of 120 scores (120 = 3 x 2 x 20). We found that Turkers gave
scores close to an expert’s scores for the contrast conditions in both view types.

Figure 2: Contrast variations in a T1-weighted MRI. Turkers numerically scored the contrast quality of MRI
slice-sequence videos.

D.2 Handcrafted visualization and language analysis for design guidelines. We have also demon-
strated the feasibility of extracting some design guidelines from handcrafted visualizations.

Slideshows and whiteboard talks We studied visual presentation design between academic disciplines at
Brown, Harvard, and RISD, and found insights about discipline-specific conventions in these presentations
[14]. Disciplines were compared at a coarse scale between four groups of fields: social, natural, and formal
sciences, and the humanities. Several experiments were performed on ubiquitous narrative presentations,
including electronic slideshows (e.g., PowerPoint and Keynote presentations) and whiteboard “chalk talks”.

Principal components of slide images, called eigenslides, and manually-selected features inspired by Walny
et al’s whiteboard taxonomy [34], like the use of bullet points and visualization constructs, illustrate presenta-
tion design differences between disciplines. We followed up the slideshow analysis with a live study in which
participants were asked to design and videotape whiteboard talks for controlled presentation topics. We found
some study participants used representations and levels of argument formality that are characteristic of their
own fields of study. Based on these findings, we gave implications for designing information visualizations in
different user domains, including support for domain-tailored recommender systems and crowd-powered pre-
sentation evaluation.

Handcrafted brain diagrams Static brain circuit diagrams found on the Web and in textbooks are a resource
for developing our own visualization tools. We made novel use of static, handcrafted diagrams as part of
a prototype input mechanism that lets users re-visualize the relationships drawn. A user sketches over the
diagram elements to “select” information from a linked database and visualize it in a new environment. A similar
method was used by Jianu et al. to layout large protein networks around a user-drawn diagram ‘skeleton’
[20], but our method is not limited to laying out diagrams in place. With our interface, the diagram can be
used as scaffolding for general user input to filter or further explore components of the diagram in a smart,
multi-view setting, which could include features like link-outs to extra information; visualizing related information
or suggested extensions to the diagram; or dynamically changing visual mappings or laying out a diagram
differently.

This work is still preliminary, though the interaction metaphor is a potential contribution. Another direction |
plan to continue is extracting aesthetic features from handcrafted network diagrams for use in automatic domain-
tailored visualization layouts.

D.3 Research Environment In my preliminary work, | have demonstrated successful research contribu-
tions in user interface research and HCI research. Aside from studying related problems, | have exposed myself
to the methods necessary to carry out the proposed work, including user studies with domain experts [13]
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Figure 3: Principal components of electronic slides, called eigenslides, are shown in (a). Contrast patterns in
eigenslides and semantic features, like visualizations and bullet points, distinguish these visual artifacts between
different academic disciplines. Some discipline-related design conventions, like building on representations
over time and using visualization constructs, are used by authors even when we controlled for topics in video-
recorded whiteboard presentations (b).

and non-experts [12]; coding features in video and other visual artifacts [14, 36]; software development; and
visualization prototyping [15].

In coursework and research, | have investigated visualization problems in protein interaction pathways, brain
imaging, and brain networks. The aims of this proposal will be developed and tested with respect to ongo-
ing visualization challenges from collaborations at Brown, including tractography user interfaces with Dr. Win
Gongvatana and Dr. Stephen Correia (neuroscience), and outside Brown, including brain circuit analysis with
Dr. Mark Schnitzer’s lab at Stanford (neuroscience).

E Research Plan

In this section, | discuss detailed plans for achieving the contributions in each aim. Aim 1, which will help
survey the state of evaluation and will support later contributions, will be completed first; Aims 2 and 3 both
involve analyzing insights and abilities of non-experts and will be approached in parallel. Expert guidance and
guidance from machine learning technologies will be used in both crowd-powered evaluation tools and design
analysis tools. The expected completion date for the proposed work is December 2014.

E.1 Evaluation taxonomy and dataset To achieve Aim 1, | plan to complete the following steps: un-
derstand and aggregate Ul and visualization evaluation methods into a single taxonomy; categorize recent
visualization tools using the taxonomy; and build an exploratory visualization and recommender system for the
evaluation design space.

First, | will create the taxonomy by first reviewing research on evaluation techniques from the user interface
community and techniques at the intersection of visualization, perception, and cognitive psychology. Some
of these have been developed specifically with visualization in mind, like insight-based methods [31, 35] and
perceptual modeling [28], while others like cognitive walkthrough and heuristic evaluation have been used to
evaluate user interfaces generally. After forming an initial taxonomy, | will use open-coding to characterize the
evaluation methods used in a dataset composed of all papers from IEEE Visualization 2011, IEEE Information
Visualization 2011, and IEEE VAST 2011. During open coding [11], the taxonomy may be refined until it sat-
isfactorily describes the evaluation design space seen in the dataset. An extensible database of categorized
papers and evaluations will be made public online.

Next, | will leverage this database by creating an exploratory visualization of the design space, using coded
systems in the database as data points. The visualization will be open source and made public online. | will
also develop a recommendation feature for visualization developers who can provide metadata about their own
projects and receive evaluation hints based on similar projects in the database. Initially, users will be able to up-
load a bibtex bibliography file with references, see highlighting of any coded references in the visualization, and
receive a summary of methods used by those references. | will evaluate this tool anecdotally with visualization
developers and incorporate feedback into the tool’s design.

E.2 Crowd+expert evaluation patterns and systems To achieve Aim 2, | plan to: implement a testbed
for posting visualization tasks on Amazon Mechanical Turk; evaluate both expert and Turker performance on a
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set visual analytics tasks with a scientific visualization; design crowd+expert workflows for tasks that Turkers
cannot do well independently. | expect the database and visualization produced in Sec. §E.1 to reveal that
crowds have not been used extensively to evaluate visualizations, despite some early proofs of concept [16]; my
next research activities are aimed at validating whether crowds can meaningfully contribute to these evaluations
and to establish workflows that utilitize crowds effectively.

First, | will implement a testbed that allows lightweight visualizations to be hosted online and analyzed or
evaluated by workers on Mechanical Turk. The visualization itself will either support interactivity, or the webpage
that embeds the visualization will contain interactive features. This is important for collecting information from
users and for letting them do realistic analysis activities that might require interaction (e.g., hypothesis formation,
annotation, etc.). The precise tasks users will be asked to complete will be determined by finding task instances
for a brain circuit visualization that are adapted from the general analysis types in Heer’'s survey [17]. The
brain circuit visualization will be developed in conjunction with other members of the visualization lab, and
with collaborators at Stanford. As a contingency in case the visualization process is behind schedule, static,
handcrafted visualizations of brain circuits will be collected online and used for the analysis tasks.

Task performance and feedback will be collected both from a small set (3-5) of brain experts and from a larger
set of Turkers (20-30). | will treat task performance from experts as ground truth and analyze the successes
and failures of the crowd to complete each task. From this meta-analysis, | will then propose workflows that
allow experts to guide workers or refine their analysis tasks. This will be an iterative process: Each proposed
workflow will be evaluated again using Turkers. This end result of this hypothesize-develop-test cycle will a
conclusion about which evaluation tasks can be done without expert intervention, and which can be done using
some systematic expert guidance.

E.3 Extracting design guidelines from handcrafted visualizations To achieve Aim 3, | plan to:
collect datasets of visualizations and transcripts of think-aloud visual analysis activities; evaluate these datasets
quantitatively and qualitatively; and synthesize design guidelines from these findings. These guidelines will
serve as criteria for domain-specific heuristic-based evaluations. The components of this Aim that related to
non-scientific, everyday visualizations (e.g., whiteboards, slideshows) are mostly completed and are in review.

First, 1 will collect a dataset of handcrafted brain-circuit visualizations (bitmaps). These will be gathered
from the Web and from textbooks on brain science. | will post these online with an interface to collect and
show comments and labels about these images. The implementation of this interface will be extended from
the experiment testbed interface described in Sec. §E.2. The vision for this tool is similar to a visualization-
specific version of LabelMe [30], which provides an image dataset and annotation interface that have been
widely used by computer vision researchers. In addition to allowing feedback from Web contributors, | will
conduct a think-aloud study with collaborators in brain science who will use the interface and evaluate legibility
and comprehension in these diagrams, and collect feedback about these diagrams.

Next, | will synthesis design guidelines that relate visualization features in these diagrams (e.g., edge/node
density, layout type) to evaluation metrics. These will be useful as heuristics for evaluation. Afterwards, | will use
vision techniques that detect and quantify these visualization features. In [14], we demonstrated some simple
approaches in this direction by computing principal components of bitmap slides (e.g., PowerPoints). We will
use methods like bag of image patches models, which was used to classify chart types in ReVision [32], and
OCR to detect and classify diagram elements. Using features that can be extracted from diagrams automatically,
| will construct and fit a predictive model of diagram legibility and comprehension. The model will be evaluated
with a held-out dataset against expert quality assessments of these diagrams.

E.4 Potential challenges and solutions To the best of my knowledge, there does not exist a unified
taxonomy like the one described in Aim 1. If another similar taxonomy is found, | will use that to code the
Visweek 2011 proceedings, as described in Sec. §E.1. The method recommendation contribution in Aim 1
would also be unaffected by the choice of taxonomy. There will still be a contribution in relating this work to the
visualization community by providing a dataset of evaluation method exemplars. If coding the papers from the
Visweek proceedings suggests that the papers do not involve enough examples or diverse enough examples, |
will code visualization papers published at other top venues, including IEEE TVCG, ACM CHI, and ACM UIST.

Aim 2 will involve creating a set of analysis tasks with scientific visualizations. It is possible that not all
task types will be easy to fit to our expected visualization domain of brain circuit visualizations. In this case, |
will use other scientific diagrams of protein interaction networks, or other domains, to test crowds and experts.
The software infrastructure | will build to post tasks will be domain-independent, so altering the tasks or image
domains will not affect its development and deployment.
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Both Aims 2 and 3 will result in generalizations about crowd workers and learning design visualization
heuristics. It is possible that results will be too domain-specific to generalize beyond the visualization domains
that are tested. If results during early piloting of the experiments seem too domain-specific, | will expand the
experiments to new visualization domains. This will not affect the software developed as part of Aims 2 or 3.
An analysis of why domains do not generalize will also be produced to give insight about the design space of
analytics in these fields.

Date Contribution Description
July 1, 2012 [Aim 1] Taxonomy prototype Taxonomy refined, IEEE Visualization proceedings
coded, and prototype visualization of dataset.
Sept 1, 2012 [Aim 3] Brain diagram online tool Brain diagram dataset is online and annotation tool im-
plemented, and anecdotally evaluated.
Sept 20, 2012 [Aim 3] Submission: CHI paper Evaluation of scientific diagram Web viewer/annotation
portal.
Nov 1, 2012 [Aim 2] Testbed for crowd evaluation  Prototype interface implemented that lets end user post
visualization tasks to Mechanical Turk.
Dec 1, 2012 [Aim 2] Expert and crowd task eval- Evaluation of experts and crowd on visual analysis
uation tasks.
March 15, 2013 [Aim 1] Submission: InfoVis/TVCG Taxonomy, dataset, and browser tool for evaluation
paper methods.
April 15,2013 [Aim 2] Submission: UIST paper Patterns and Ul for crowd-powered visualization evalu-
ation.
June 30, 2013 [Aim 3] Vision analysis of brain dia- Models of diagram legibility/comprehension.
grams
September 20,2013 [Aim 2] Submission: CHI paper Pattern and Ul for expert-guided crowd-powered visu-
alization evaluation.
March 2014 Thesis draft completed
March 15, 2014 [Aim 3] Submission: InfoVis paper Automatic heuristic-based evaluation of diagrams. Ty-
ing together suite of automatic evaluation methods;
models, crowds, experts.
May 2014 Thesis defense

Table 1: Timeline for research plan deliverables.
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