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administrivia. ..



-any questions/problems with Processing?



last time . ..



Processing



what 1s 1t?

-programming environment

-visually oriented applications

-targets artists, designers, etc.

Avenar Test Bed

by Senedit Good

Avenas Test Bed s & project that
caplones e pelationihip betmeen
landscape, agrouiture and Sgral
fabeication by tslercepling the
process of precaion fasming by
peeration Secgn

Lishs: Benedht Good

3

1D Prirted Recoed
by Avanda Ghassae)

Created wiing Moceising
ModelBatider Lirary by Martua
Wtz and 3 1D printes, Amanda
Ghassarl ot Iratructables managed
10 peindt & Shpre s recend that
actually doesnt sound %o bad
cors iering the Limatatons of
curseatly avalladle M printing
techacloges

Lads Snarmactadies

CRy Sympdenies

by Mark NcKeagae

Madk MeKeagae eaplones an

Kirograp b
by Matthew Bpler

Kinogaaph b an open source
project that makes fim
Agithation affordabie and
scalieable. B waes comrpanents
wvadlable on the inftermet, o fow 30
printed parts, aad a conseanes lewel
Camara aad it produces high
Qualty video with sound

Lrks: Koograph

“ Y

Degital Natives and Cliched
Realres

by Matthew Pummer Fermandes

Dagital Natives are everyday fems
such as 2oys and deteagent Dotties

that o0 1D scarned calng a dgstal
carrera, valyected % algoriters
hat dstert and finally S0 peiried
in colous resin/sandstone

Mrds: Matthew Paummer
Fezrande:

Sder

by Maras Kararbelkar, Moo
Muyazaki and Kenureth A
Rodertsen

Nud
¥y Hanses Jusg

Created by Manses jung flsdd s s
condept stedy of an ivteracting
Changing surface That wses nanr
sewlordan fluid an Arduing board
& peaker and Procesaing to allow
surface 1o dange from Sauid to
solid from plain %o thoee
derenssonal 1yrrametoi patierm

Unks: Masoes Jusg

o~
'J. &
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Store Spray
Wy Petr Nowiiow, Inder Shergill and
Anra Culi

Sane Spray s & carslruction
method whuch sees sodl as the Sae
material and a Lgud Snder to
soliddy the soll gramuldes. The
device wes an Asduino UNO,
Processing apploation and
cuntomn badlt jet spray sywtem to
depou the muix of sol and bindez,

$ar coratructing asch®ectural
shapes

Unks: Petr Nowikov, Inder Shergil
ard Anra Xulk

arsarred seundscudphare

2y Durdel Franke & Codric Kiefer

Pradeced by onfanvative and



why Processing?

-difficulty to sketch with other languages

R

-complicated setup

111

RIS

not easy to learn {Comii
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-repetitive code | S



why Processing?

-Java-based ((

>Java

-similar syntax & portability

3 Billion Devices Run Java



graphics

-grid of pixels
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graphics

-grid of pixels
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shape

point(x, yY);

X —
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3 point(x,y);
4
5 ® A(4,5)
6 A(4,5);
7
8
9



shape

line(x1l, v1, x2, y2);

X —>

O A2 F & 5 % 88

A(1,2) B(S,2)

© ®
line(x1,y1,x2,y2);

line(1,2,5,2);
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shape

rect(x, y, width, height);

X —

O 1 2 3 45 67 389

(2,2)
®
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height

l

rect(x,y,width,height);

rect(2,2,7,5);
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today . ..



-task abstraction

-interaction



-task abstraction



analysis: what, why, and how

-what is shown?
-why is the user looking at it?
-how is it shown?

howr

How?

- apstract vocabulary avoids domain-specific terms

-what-whny-
think syste

NOW analysis f
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: Datasets Attributes
i} O' (3) Data Types (3) Attribute Types
H =2 Items = Attributes = Links = Positions =2 Grids < (Categorical
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How?

Encode
® Arrange ® Map
> Express > Separate from categorical and ordered
attributes
— .. . ..
\—' o = Color
) > Hue = Saturation = Luminance
= Order = Align EEE EEE IEE
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wn
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2 Size, Angle, Curvature, ...
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2 Shape

+ O 0 A
= Motion

Direction, Rate, Frequency, ...
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visual encoding

Manipulate Facet Reduce
® Change (® Juxtapose (® Filter

‘ ° - ’ ‘ SSSss . SEESC
® Select (® Partition ® Aggregate
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task abstraction

& Actions @) Targets
(3 Analyze (3) All Data
2 Consume 2 Trends 2 Outliers = Features
9 Discover = Present * Enjoy | \/ | ) | f_’!
- = . .,
) .nl:lll. DN ©
> Prod (3) Attributes
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{action, target} pairs

discover distribution
compare trends
locate outliers
browse topology



o\
() Analyze

{action, target}

(®) Search



{action, target}

(9) Analyze

= Consume

< Discover

< Produce

< Annotate

e

(9) Search

@ Query

< Present
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discover

0o Work Order Dashboard "
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present

®e00 How Birth Year Influences Political Views - NYTimes.com e
2 = T e www.nytimes.com/interactive /2014 /07 /08 /upshot/how-the-year-you-were-born-influences-your-politics. htmiZhpw ¢ W Beades

— g Q THE UPSHOT  How Birth Year Influences Political Views W A MORE

How Birth Year Influences Political Views

By AMANDA COX JULY 7, 2014

8orn in 1937
How whites born in 1937 have | | | | | | O
leaned politically over their lives R
At age 10 20 30 40 50 60 70
1947 1957 1967 1977 1987 1997 2007
55%
Repubiican*
Age 75 1n 2012
54% Repudlican
45%

* Estimated vote In an average presidential election. Preferences for chidren are Inferred
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A Multi-Level Typology of Abstract Visualization Tasks

Matthew Brehmer and Tamara Munzner, Member, IEEE

Abstract—The considerable previous work characterizing visualization usage has focused on low-level tasks or interactions and high-
level tasks, leaving a gap between them that is not addressed. This gap leads to a lack of distinction between the ends and means
of a task, limiting the potential for rigorous analysis. We contribute a multi-level typology of visualization tasks to address this gap,
distinguishing why and how a visualization task is performed, as well as what the task inputs and outputs are. Our typology allows
complex tasks to be expressed as sequences of interdependent simpler tasks, resulting in concise and flexible descriptions for tasks
of varying complexity and scope. It provides abstract rather than domain-specific descriptions of tasks, so that useful comparisons
can be made between visualization systems targeted at different application domains. This descriptive power supports a level of
analysis required for the generation of new designs, by guiding the translation of domain-specific problems into abstract tasks, and
for the qualitative evaluation of visualization usage. We demonstrate the benefits of our approach in a detailed case study, comparing
task descriptions from our typology to those derived from related work. We also discuss the similarities and differences between our
typology and over two dozen extant classification systems and theoretical frameworks from the literatures of visualization, human-

computer interaction, information retrieval, communications, and cartography.

Index Terms—Typology, visualization models, task and requirements analysis, qualitative evaluation

1 INTRODUCTION

Consider a person who encounters a choropleth map while reading a
blog post in the aftermath of last year’s American presidential election.
This particular map is static and visually encodes two attributes, can-
didate and margin of victory, encoded for each state using a bivariate
colour mapping. This person decides to compare the election results
of Texas to those of California, motivated not by an explicit need to
generate or verify some hypothesis, nor by a need to present the vi-
sualization to an audience, but rather by a casual interest in American
politics and its two most populous states. How might we describe this
person’s task in an abstract rather than domain-specific way?
According to the nested model for visualization design and vali-
dation [43], abstract tasks are domain- and interface-agnostic opera-
tions performed by users. Disappointingly, there is little agreement
as to the appropriate granularity of an abstract task among the many
extant classifications of user behaviour in the visualization, human-
computer interaction, cartography, and information retrieval litera-
ture [2, 3, 5, 10, 11, 12, 13, 14, 15, 19, 23, 29, 31, 37, 39, 42, 50,
51, 56,57, 59, 61, 64, 66,72, 73,75, 78, 82, 83]. One of the more fre-
quently cited of these [2] would classify the above example as being a
series of value retrieval tasks. This low-level characterization does not
describe the user’s context or motivation; nor does take into account

prior experience and background knowledge. For instance, a descrip-
t10n of thic tack miocht differ 1f the 11i<cer wac 1infamiliar with American

describable in an abstract way across multiple levels.

The primary contribution of this paper is a multi-level typology
of abstract visualization tasks that unites the previously disconnected
scopes of low-level and high-level classification systems by propos-
ing multiple levels of linkage between them. Our typology provides
a powerful and flexible way to describe complex tasks as a sequence
of interdependent simpler ones. While this typology is very much in-
formed by previous work, it is also the result of new thinking and has
many points of divergence with previous models. Central to the orga-
nization of our typology are three questions that serve to disambiguate
the means and ends of a task: why the task is performed, how the task is
performed, and what are the task’s inputs and outputs. We have found
that no prior characterization of tasks satisfactorily answers all of these
questions simultaneously at multiple levels of abstraction. Typically,
low-level classification systems provide a sense of how a task is per-
formed, but not why; high-level classification systems are the converse.
One major advantage of our typology over prior work is in providing
linkage between these two questions. Another advantage is the ability
to link sequences of tasks, made possible by the consideration of what
tasks operate on.

Our typology provides a consistent lexicon for description that sup-
ports making precise comparisons of tasks between different visual-
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A Design Space of Visualization Tasks

Hans-Jorg Schulz, Thomas Nocke, Magnus Heitzler, and Heidrun Schumann

Abstract—Knowledge about visualization tasks plays an important role in choosing or building suitable visual representations to
pursue them. Yet, tasks are a multi-faceted concept and it is thus not surprising that the many existing task taxonomies and models
all describe different aspects of tasks, depending on what these task descriptions aim to capture. This results in a clear need to bring
these different aspects together under the common hood of a general design space of visualization tasks, which we propose in this
paper. Our design space consists of five design dimensions that characterize the main aspects of tasks and that have so far been
distributed across different task descriptions. We exemplify its concrete use by applying our design space in the domain of climate
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1 INTRODUCTION

As the field of information visualization matures, a phase of consoli-
dation sets in that aims to pull together multiple individual works of
research under a common conceptual hood. This hood can take on
different shapes and forms, one of which is the design space. Such a
design space realizes a descriptive generalization that permits to spec-
ify a concrete instance — be it a layout [8], a visualization [46], or a
combination of visualizations [28] — by making design choices along
a number of independent design dimensions. Even last year’s InfoVis
conference recognized the increasing importance of design spaces by
dedicating an entire session to them.

Yet, information visualization is more than the visual representation
alone. It also takes into account the tasks the user wishes to pursue
with the visual representation. The literature contains a wealth of clas-
sifications, taxonomies, and frameworks that describe these tasks: lists
of verbal task descriptions, mathematical task models, domain-specific
task collections, and procedural task combinations into workflows. All
of these serve the respective purpose well for which they have been de-
veloped. However, the research question of how to consolidate them
under the hood of one common design space is still open, even though
it has been shown on a smaller scale that such a combination into a
common framework can be a useful endeavor [9, 21].

In this paper, we aim to give a first answer to this research ques-
tion by contributing such a design space for visualization tasks. This
contribution is twofold. First, it derives an abstract design space that
brings together the different aspects of the existing task taxonomies
and models. It serves to clarify the somewhat fuzzy notion of visual-

a visualization task design space for climate impact research based on
structured interviews with eight domain experts and two visualization
developers. This design space is then utilized to recommend visual-
izations that are suitable to pursue a given task in that field.

The remainder of this paper is organized as follows: The related
work 1s summarized in Section 2 and from its discussion, we derive
our task design space in Section 3. We then debate its properties, lim-
itations, and applications in Section 4. This also includes examples of
how some of the existing task taxonomies can be expressed as parts
of our design space. After this conceptual part, Section 5 details the
use case example of how to apply the general design space to the ap-
plication domain of climate impact research and how to draw concrete
benefits from it. With this example, we aim to show a feasible way
for the adaptation of the design space that can be transferred to other
application domains as well. We conclude this paper by briefly shar-
ing our personal experience from working with the design space and
pointing out directions for future work in Section 6.

2 RELATED WORK

The concept of fasks exhibits numerous facets that are also reflected in
the existing body of research on that topic. Commonly, visualization
tasks are understood as activities to be carried out interactively on a
visual data representation for a particular reason. The investigation of
visualization tasks has the aim to establish recurring tasks in order
to use the knowledge about them for improving the design and evalu-
ation of visualizations. Existing research for both of these aspects is

1 . s | . 1 ~ 11
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1 INTRODUCTION

As the field of information visualization matures, a phase of consoli-  a visualization task design space for climate impact research based on

dation sets in that aims to Rull together multigle individual works of  structured interviews with ei%ht domain exBerts and two visualization

WHY 1s a task pursued? This specifies the task’s goal.

HOW 1s a task carried out? This specifies the task’s means.
WHAT does a task seek? This specifies the data characteristics.
WHERE 1n the data does a task operate? This specifies the target,
as well as the cardinality of data entities within that target.
WHEN is a task performed? This specifies the order of tasks.
WHO 1s executing a task? This specifies the (type of) user.

and models. It serves to clarify the somewhat fuzzy notion of visual-  ation of visualizations. Existing research for both of these aspects is
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SPACE-SCALE DIAGRAMS:
UNDERSTANDING MULTISCALE INTERFACES

George W. Furnas

Bellcore, 445 South Street
Morristown, NJ 07962-1910
(201) 829-4289
gwf@bellcore.com

ABSTRACT

Big information worlds cause big problems for interfaces.
There is too much to see. They are hard to navigate. An
armada of techniques has been proposed to present the
many scales of information needed. Space-scale diagrams
provide a framework for much of this work. By represent-
ing both a spatial world and its different magnifications
explicitly, the diagrams allow the direct visualization and
analysis of important scale related issues for interfaces.

KEYWORDS: Zoom views, multiscale interfaces, fisheye

isfactory techniques for viewing very large information
worlds. (See, for example, [6] and [9] for recent reviews and
analyses). The list of techniques for viewing 2D layouts alone
is quite long: the Spatial Data Management System [3], Bifo-
cal Display[1], Fisheye Views [4][12], Perspective Wall (8],
the Document Lens [11], Pad [10], and Pad++ [2], the Macro-
Scope[7], and many others.

Central to most of these 2D techniques is a notion of what
might be called multiscale viewing. Information objects and
the structure embedding them can be displayed at many dif-
ferent magnifications, or scale. An interface technique is
devised that allows users to manipulate which objects, or
which part of the structure will be shown at what scale. The
scale may be constant and manipulated over time as with a
zoom metaphor, or varying over a single view as in the distor-
tion technioues (e ¢ ficheve or bifocal metanhor) In either

Benjamin B. Bederson*

Bellcore, 445 South Street
Morristown, NJ 07962-1910
(201) 829-4871
bederson@bellcore.com

This paper introduces space-scale diagrams as a technique
for understanding such multiscale interfaces. These diagrams
make scale an explicit dimension of the representation, so
that its place in the interface and interactions can be visual-
ized, and better analyzed. We are finding the diagrams useful
for trying to understand such interfaces geometrically, for
guiding the design of code, and perhaps even as interfaces to
authoring systems for multiscale information.

This paper will first present the necessary material for under-

The basic idea of a space-scale diagram is quite simple. Con-
sider, for example, a square 2D picture (Figure 1a). The
space-scale diagram for this picture would be obtained by
creating many copies of the original 2-D picture, one at each
possible magnification, and stacking them up to form an
inverted pyramid (Figure 1b). While the horizontal axes rep-
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Chapter 12

Facet into Multiple Views

EEXN The Big Picture

This chapter covers choices about how to facet data across multiple
views, as shown in Figure 12.1. One option for showing views
is juxtapose them side by side, leading to many choices of how
to coordinate these views with each other. The other option is to
superimpose the views as layers on top of each other. When the
views show different data, a set of choices covers how to partition
data across multiple views.

The main design choices for juxtaposed views cover how to coor-
dinate them: which visual encoding channels are shared between
them, how much of the data is shared between them, and whether
the navigation is synchronized. Other juxtaposition choices are
when to show each view and how to arrange them. The design
choices for partitioning are how many regions to use, how to divide
the data up into regions, the order in which attributes are used
to split, and when to stop. The design choices for how to super-
impose include how elements are partitioned between layers, how
many layers to use, how to distinguish them from each other, and
whether the layers are static or dynamically constructed.

EEXY Why Facet?
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6. Rules of Thumb

» The need for justifying 3D
for abstract data is covered
in Section 6.3.

presence is worth the penalties of lower resolution and no workflow
integration. It is very rare that immersion would be necessary for
nonspatial, abstract data. Using 3D for visual encoding of abstract
data is the uncommon case that needs careful justification. The
use of an immersive display in this case would require even more
careful justification.

Overview First, Zoom and Filter, Details
on Demand

Ben Shneiderman's influential mantra of Overview First, Zoom and
Filter, Details on Demand [Shneiderman 96] is a heavily cited de-
sign guideline that emphasizes the interplay between the need for
overview and the need to see details, and the role of data reduction
in general and navigation in particular in supporting both.

A vis idiom that provides an overview is intended to give the
user a broad awareness of the entire information space. Using the
language of the what-why-how analysis framework, it's an idiom
with the goal of summarize. A common goal in overview design
is to show all items in the dataset simultaneously, without any
need for navigation to pan or scroll. Overviews help the user find
regions where further investigation in more detail might be produc-
tive. Overviews are often shown at the beginning of the exploration
process, to guide users in choosing where to drill down to inspect
in more detail. However, overview usage is not limited to initial
reconnaissance; it's very common for users to interleave the use
of overviews and detail views by switching back and forth between
them many times.

When the dataset is sufficiently large, some form of reduce ac-
tion must be used in order to show everything at once. Overview
creation can be understood in terms of both filtering and aggre-



