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Perspicands

Research, Applied: Working Innovations, Techniques and Products



Per-spi-ca-cious: having a ready insight into and understanding of subtle or complex things
Per-spic-u-ous: (of a representation) clearly expressed, easily understood; lucid

Per-spi-cand: (our back-formation) the easily-understood representation
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I Research into Cognitive/Analytic Tools

An annotated portfolio of techniques that let visual tools extend the human mind



Knowledge work is just starting to take a significant step forward thanks to a new kind of tool.
Risk can be reduced; speed and quality of insights and actions can be improved; creativity,
morale, and satisfaction can be raised; training and support costs can almost be eliminated.

These benefits result from combining hundreds of small techniques that arise from a single
fundamental shift in perspective: make the tool illustrate the task—fit it to the cognitive steps
the human mind does to accomplish the task. We do this rather than forcing people to learn all
the idiosyncratic ways designers have coerced the task into form-like widgets, then try to map
their learnings back to there real thing they're trying to do. This indirection hobbles thought.

Every task we've studied has a grounding in space. Even (perhaps especially) the most abstract
thought is grounded in spatial thinking. Visuals don't just represent information—when they

illustrate it well they become it; they contain everything needed to do the task—or even teach it.

My collaborators and | have quietly deployed dozens of these tools over the last two decades.
You're likely to have seen one or two at work at the New York Stock Exchange or other major
financial institutions, featured in the New York Times, Nature, Geo, ID Magazine, SlashDot; or on
the wall at MoMA or the Whitney Museum of American Art. Proven to work, it's now time for us
to broaden their use; it's time to help more people think more effectively.

We gather many techniques and representations here, in categories identifying the kinds of
thought processes they support. Innovated, honed, tested, deployed, and working; we're now
stretching this new approach to toolmaking; addressing today’s most critical human/data
challenges. Today’s common labeled-rectangle approach to interface design introduces a false
complexity. Once you can see those challenges they're often not as complex as they seemed.

Brad Paley - brad@didi.co

“I bring evidence to show that spatial thinking, acting in the world with the
things in the world, is the foundation of thought; not the entire edifice, but
the foundation.”

“If | pursue a beam of light with the velocity c (velocity of light in a vacuum),
I should observe such a beam of light as an electromagnetic field at rest
though spatially oscillating.”

“We knew that DNA was important... But we didn't realise | think just how
important it would be. Put in other words we didn’t realise that the shape
would give us a clue to the replication mechanism.”



Overviews let us get our bearings and prioritize—but they must be
carefully tuned, not just pulled together: they give us the lay of the
land best when fitted to specific tasks and cognitive sequences.
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This equities trading “blotter” view
groups information by intellectual
context. 50+ columns worth of
data, needing four times the width
shown here when displayed as
numbers, were arranged so no
horizontal scrolling was necessary.
This was absolutely critical to
traders who needed to get an
order working in the market
within 30 seconds. Before us the
off-screen columns were hidden
and it was difficult to get to them,
then return the view to its usual,
working, position. Worse, in a
situation where a trader might be
asked why they didn't take that
information into account, they
were open to a“but it was right
there in front of you” attack—
when in fact functionally it was
completely unavailable.
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This risk-management
portfolio viewer from the field
of re/insurance also groups
information by intellectual
context.

In general, spreadsheet-like
grids and blotters are
incrementally expanded to
become important decision-
support tools; they end up
with all the data one needs to
choose the next task—but
they're rarely sufficient to
complete it in an optimal
manner.

Compressing numeric data
with visuals in the cells, and
making it more easily
absorbed, saves space, time,
and most important: cognitive
effort. The “real” numbers
behind the visuals are often
critical; when they are we put
them just a click or hover away.



Forcing experts to do every task with a scattered set of apps means they have to find,
then integrate all the data they need—every day, every time they do the task. That should
be the tool’s job. Our tools integrate it all exactly once, using microservices and interop
tech. More important: we fit tools to a fine-grained cognitive deconstruction of what'’s
being done. Since this is done before any code is written, the effort is properly factored
out, done just that once during a project’s non-recurring engineering phase. The effort
of integration never has to be done in production, e.g., at the trading desk.
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Our Active Order Landscape ranks orders by expected cost (vertical) and market footprint (horizontal), so traders can easily
find the critical trades and work them: they're all in the upper-right quadrant. Better than any ordered list: this organization
lets them make intelligent trade-offs. If more decision parameters are needed we can put more on the tiny order tiles: they're
not just marks; here they show if there are red/amber alerts (see next page) and execution progress. Upon seeing the
prototype one trader said “| don't need anything else you designed—this lets me do everything.”
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Double-clicking an order
above brings up our Order
Handler tool; it ranks all
possible venues by all
relevant criteria, and lets
you instantly see how one
venue (here, COWN) plays
out with respect to every
criterion, even if it's
outside the scroll window
(by the orange tick in the
scroll bar). Unheard of
before we invented it.

@ Buy 5,0 IBM 79.25 M
Create new [CAP | [Book

00

Qunre

A [BACPRX](FCS]

¥ |a30

LANF

GE 3111 more behind Il
9c)JGs gs 2

{s0 GE 31.08
GIC 9c ) FBC adc

14,5 IBM 79.20
25s)M m

43,0° 43,09:43,0'7)

2Ho)
50°
10,0 *

100% Lvs. € All of it
50% Lvs.©

25% Lvs.6 /4 10,0 *lioc

31.11 | 31.26 Take
20,0 | 90,4

31.66 424,4
31.65 400,5
47 2879
33 2723
28 264,7
27 239,6 9
26 1249

MKT

1
10
09
o8
o7

Our NYSE handheld was independently tested to make “refills,"a
broker’s most common task, 20x faster: 7-10 seconds to % second.
Tap an order (yellow, top left) and an overlay window shows child
orders with curves to where they’ll execute. Then drag a template
(middle: dotted outline + blueprint colors means “not real yet”) into
the market (bottom). Drop position determines the price, so one
can “feel” this order in the context of the market before committing.



Problems aren’t one-dimensional-and they can live anywhere.
A common strategy tries to order all alerts in one list.
The natural world does it differently—and far better.
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In the real-world jungle (one primary environment
our sensory/perceptual systems evolved to handle)
anything unusual might kill us; these “alerts” can be
anywhere—not in a list—but we react instantly.

Left: some kinds of alerting needs many lists: one for
each critical decision dimension.

Below: Traders can set and drag amber- and red-alert
thresholds as the market changes in real-time. Dotted
guides show standard deviations and their backed-
out normal distribution curve (the usual way alerts
are set)—and how poorly that matches the real-world
data: almost never distributed in a normal curve in
trading. This example sets yellow alerts just inside a
market-related cognitive barrier at £$1.00 (note many
trades clustered there), red alerts just outside it.



A set of word tags points into
the tamer, everyday jungle of
the expert. (Here, a portfolio
manager: all of their portfolio’s
positions are sorted into
hierarchical buckets, colored
by market sector.)

Thin blue tendrils show every
position to which the tags are
applied, giving an instant feel
for their distribution in this
known “ground truth” view,
one of the PM’s home screens.

When hovered, a tag draws all
the way to its tagged referents.
If the PM wonders which tags
apply to a sector they're
considering now, they can
scan the cursor over the entire
list of tags in a second or less,
coming back to the places
they saw the most lines.

We engage a mental apparatus
called “covert attention”in the
visual perception literature:
the PM is attending the cursor,
but primed to react when
tendrils touch the sector they
care about.

Even the stubs of tendrils from
un-hovered tags give a first
approximation of how
applicable each is to the
portfolio and roughly where.
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People can only rehearse 7 + 2 chunks of information in short-term memory; we can only
synthesize four in working memory. And there’s a huge cost to swapping in a new chunk:
The eye supports the mind: lets it think more deep/y if you have to read or navigate to find it you may lose two or three. But when visuals act as
; .
. . . . . . a kind of second-level mental cache this swap is instant. Cognitive load is reduced, leaving
Manipulating data, e.g., in multiple dimensions—and i o o )
more of your mind free to generate insights—or think with collaborators or clients.

seeing it that way—Iets people find higher-level patterns.

Our integration+analytics+collaboration+
presentation+deployment environment,
ISON Tree z the Pool, lets data and ideas flow: from
= input to transforms to filters to visuals

ow

i and back out again. Every step in a

WORLDQUANT MILLENNIUM QUANTITATIVE STRATEGIES LLC
naneOfTssuer  SERVICENOW INC
1

ot WO [ S e complex process be worked out and

| i repeated, watched as it operates on
streamed data, understood by others. A
visual script.

T

T . | £ et st Left: A 13F-HR holdings report flows
= ‘ R % through our AttributeView to feed a 2-D
table in our Dicer, an n-D data-cube
viewer. Right top: a 4-D table, with a bar
chart in every cell—each cell can be an
entire task-specific mini-report. Bottom: a
5-D breakdown of an insurance portfolio.

.« Management Sof teare

Tt st

Enterprise Management Software
=

-t
§ EENNPENENEEY DEEEEEET

—

PML 100 v
010 173 to 30,225 10 5,254 M t0 913,597 M
Number of Locs
& 5 o 5 &
S R T A N SO I G I R
NS © © NS © © NS © = © S NS o ©

0 K o~ S 0
e o 8 D g <° 9
| = U O O O e OO O G S CNEE o an -
= 5 . > ] [} E om .
= - i oI o5 o]
e i o - - o T W] @ -
= CHNE (WO GO i s ] B Cami Oumimm . o
B sl | ] O i . [ .
< s s s s & & K4 s > € - - o= .
g & it i o—r— - i [ ]
*' W QoY - N 3e et b ES CEm i - Chmrms - ﬂy cmum - o .
IR . N ] R . =5 R : L] o= i = e
]
Y (Y% P} e g & pmim B om o mﬂ omiE o = &2 =
> B LAy 4 & e s ] om . B~ = fizse (17 M1 ]
k ’a m 0 . . 20 - [ CHOe
o
d W 25 Q@ . ‘o s e L SR o
> % N [ - [
[y 9 & (] 0 [ ] - = [
M ' et e 4 o s - »©
J e 7 e e N
I -
Modules Viewers
\ the Panl




A bit of history. We had a team of five
doing some of the first innovative,
rigorous financial data visualization at
Lehman Brothers, way back in 1989.
Thought the CTO hired us to apply the
hot new tech of VR, we also fell back to a
tried-and-true tool: easily shared &
annotated paper.

Our first draft (top): try to find clusters of
+ marks among the circles—they
indicate where an early neural net’s
trades succeeded. (The pre-before they
started with was worse: one had to find +
marks among - marks!) The final tool:
trade results (this of them as impulses:
spikes normal to the plane of the paper)
are convolved with a gaussian filter
(because proximity in this strength-of-
recommendation vs. trade-result space
mattered) and summed, then displayed
using white for success (positive results)
and black for failure. The convolution
additionally captures the magnitude of

success or failure, lost in their initial work.

This image even taught us to trade
against the net's recommendation
where it's blackest: the net is so
consistently wrong we can bet against it!
Something we weren't looking for.

Statistical queries only return what you
ask for—visuals let you keep thinking.

marketTestData

Friday, July 12, 1991
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400 samples (0 within 3.0 standard deviations plotted), with Z clamped to 3.0 standard deviations, with data points plotted (0 < 0 < +)
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Perceptual-engagement note: we use small circles on gray rather than a continuous-tone heat map to

create a reading that'’s both qualitative and quantitative. People can match the size of the circle to a

size key (not in this version) more accurately than judging a color that’s next to other colors. In fact all

heat maps we've seen have this serious problem: the eye reads color with respect to its immediate
surroundings, so you can't accurately compare similar colors if they're separated by other colors. This
means you can only be assured of finding a local maximum in close cases. Here it's easy to find a global
max or min: the circles are largest there. It's even easy to compare global max and min: the biggest

white dots are slightly farther from zero: larger than the biggest black ones (less gray shows through).
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400 samples (387 within 3.0 standard deviations plotted), with Z clamped to 3.0 standard deviations, convolved with a gaussian (sigma: 4.00)
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This is not to say we shouldn’t use visuals! They provide an unparalleled scaffolding for higher-level thought. But
those thoughts need to be researched and tested using less idiosyncratic methods. Many of the eye’s biases can
corrected for (e.g., by TextArc’s multi-attribute layering, or the bright gaps on the upcoming What-If page, 19); doing
that requires a deep understanding of both eye & mind, not typically taught in a graphic artist or coder curriculum.

Critically important: if we want to be rigorous—to support anything like the scientific method—visuals must be
tightly integrated with verification tools.

To perform properly in a workflow they also need to communicate with with tools that let people take action on
what they see. Stand-alone visualizations are the norm. By definition they neither confirm nor commit; a dead end,
not part of a domains real work process. We need to integrate them so we can both trust and use what we see.

TextArc displays a text radially and
clockwise around an arc. It also shows
words and distribution glyphs, here: one r
pair for each of the 2,500+ individual \ ﬂtten 4
word stems in Alice’s Adventures in *S Do mousep
Wonderland. Their star-like rays point to =

every place the word appears in the text.

If a Structuralist analyst hypothesizes
something like “Are Hatter, Dormouse
and March Hare all distributed like the
word tea because they're at a tea party?”
they can verify/falsify with a test. (For
textual analysis, that test can be as quick
as reading the text, right inside the tool.)

=.Queen

. . . . yHatter,
Another distribution comparison: why ) Domauss

do King and Queen appear in almost all : e e ‘ ey POl senge B ‘ " Catendl
the same places—except four thin lines sl X ‘
emanating lower right from Queen?
Reading the text show us that’s what
foreshadowing looks like. She doesn't
actually appear yet, she’s just mentioned
in advance for a more dramatic entrance. beheax ehouted

TextArc's layout, glyph, and layering can be generalized and applied to any dataset, not just text, where the goal is
understanding thousands of individual elements (think of tags or attributes) with respect to a single linear ranking.



Judea Pearl developed Bayesian networks, but when he found he couldn’t get them to incorporate the concept of
cause and effect he left them to his graduate students. They only quantify correlation, they changed the world.

Pearl went on to develop Structural Causal Models—and they're starting to change analytics again. Why? Killing the
rooster will in fact not stop the sun from rising—but most statistical models can’t tell you that. They show only
correlation, leaving analysts to guess what actually drives the relationship. SCMs specify and quantify causality.

The Relative Importance of Heredity and Environment
in Determining the Piebald Pattern of Guinea-Pigs

The Relative Importance of Heredity and Environment
in Determining the Piebald Pattern of Guinea-Pigs

Chance

W.B. Paley, After Sewall Wiight: FG. 5, Procaadings of the National Academy of Sciences, June 1920, p. 328 W, B. Paley, After Sewall Wright: FG. 5, Praceedings of the National Academy of Sciences, June 1920, p. 328

Above: Pulling “a strand of causal pearls” out of a network (bottom to top)
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People learn better when they can play with and organize things themselves, as compared to passive viewing.
This is well known in pedagogy and cognitive science. Our tools let people help arrange data to add in the
meaning they know. (E.g., put the C-suite on top, infrastructure bottom.) This supports sense-making and
evokes useful/actionable insights. It's hard to absorb/use data based on robot-arranged topology alone.

Algorithmic layout rules are an attractive fallback when semantics aren’t available, and create lovely organic-
looking slides, but they often foreground the rules of the algorithm more than the data. If domain experts can
put in the data’s meaning, they can join with the layout algorithms as intellectual cyborgs when their top-

down organizing skills are supported by bottom-up algos: people move the big stuff, robots tidy up. As

Cognitive Engineers we design tools that work at the level of meaning by finding domain experts, then fitting
the tools to their best practices—the tools are informed by meaningful real-world processes and goals.

Next Page: global supply chains: ~6,000 nodes & ~30,000 links, but still readable—and NetMap still evokes insights
and allows drilling in for details. (Example: who supplies Apple and how they stand with respect to sector peers)
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| worked briefly/deeply with Edward Tufte, and this simple phrase was a powerful gift. (Though
we agreed to disagree on his rule of minimizing the data/ink ratio. Ink—his proxy for what
confuses on the page—isn't the scarce resource, attention is. We try to minimize “data/think”:
afford more data per unit of thought effort, pardon the rhyming wordplay.)

Human eyes are biased to measure gaps perpendicular
to lines; it was important as we evolved to judge the
strength of a branch or an enemy’s arm. But it’s a
serious error to do that when reading charts, where
only the strictly vertical extent of the gap encodes the
difference. Left: We make larger gaps brighter in our

charts, striations define the gap and draw the eye. Below: Why decide based on just averages when you

can see full distributions everywhere along the curve?
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Left: It's hard to compare close lines—until
we subtract them and fill the difference with
color underneath. We retain the original
curves above because their original shape
and the difference both matter in this task,
as in most we've seen.

TCE 250 AEP (n0w)

screen insurance contracts were
designed so the they feel like the
original real-world paper contracts.
“Rapid categorization,”in the
perception/cognition literature,
helps us find the right tool as a pop-
out search, and pre-attentively

us feel more comfortable when we
start using the tool.

That let us develop a different visual
language so people could pre-
attentively distinguish the contract
from the overlay, which contained
the what-ifs being explored.

Right bottom: Here, the underwriter

the system shows all possible
combinations in an array of Post-it-
like summaries: comparing all the

the pink original. No need to go to
eleven other screens, we're seeing
eleven alternatives right in the

Right top: contract what-ifs—in their
proper intellectual context. These on-

activates the mental context, making

has chosen two numbers to vary, and

key metrics in the blue alternatives to

expert’s intellectual business context.

Limit And
Deductible

Reinstal

Pro

Paym:

8,000,000
10,000,000
15,000,000

Clnsurance | Cument | XYZ US (EQ ni®I3  [Dec3I3  umI32003 150K com 165M
@ Searle Reinsurance Group
SRG : 95
Reinsured Austin Insurance Corporation
Type US T&P Earthquake ILW

Limit And

o pay all lossers up to USD 10,000,000 each and every occurrence

In excess of an Ultimate Net Loss to the Reinsured of USD 10,000 each and every loss occurence.

“Bach and every loss occurrence” shall mean each and every loss and/or catastrophe and/or series thereof
arising out of and directly occassioned by one event.

Reinsta

nent

amus mattis laoreet enim, tempus convallis quam dapibus vel. Pellentesque euismod ante at mi
ncidunt a dui malesuada. Nam ac enim sem, qui
tincidunt egestas. Mauris molestie augue vel lectus ornare non cursus diam condimentum. Curabitur
egestas feugiat erat at consectetur. Fusce tellus mi, malesuada in auctor ac, elementum ut urna. Maecenas
id ipsum orci, quis tempus metus.

Provisions

ollicitudin elit. Duis hendrerit ipsum ac ante

tempus

Duis et lacus non neque imperdiet sagittis. Donec congue nibh eu nulla iaculis ornare. Curabitur enim
elit, volutpat in tincidunt id, gravida eu nunc. Sed eleifend augue nec mauris placerat matis. Class aptent
taciti sociosqu ad litora torquent per conubia nostra, per inceptos himenaeos. Quisque vel neque at lorem
consequat pulvinar in ac diam. Suspendisse scelerisque hendrerit quam vel adipiscing. Donec ac purus ut
diam fringilla tempor. Morbi in mi non nulla pulvinar volutpat. Lorem ipsum dolor sit amet, cons
adipiscing elit.

Duis erat turpis, ullamcorper non vestibulum at, congue vel enim. Pellentesque nec eros vel augue blandit

dign

(a) Nullam dolor erat, tempus vitae hendrerit sed, vestibulum sed nulla. Etiam ultric
commodo cursus, est sapien consequat tellus, id mollis tellus orci ac nulla. Proin
magna, ut vestibulum tortor.

—
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— 123
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SRG BO576SMX6195
Reinsured Austin Insurance Corporation
Type US T&P Earthquake ILW

h and every occurrence.

To pay all lossers up to USD{ 10,000,000
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fattis laoreet enim, tempus convallis quam dapibus vel. Pellentesque euismod ante at mi
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dui malesuada. Nam ac

nim s

m, quis sollicitudin elit. Duis hendrerit ipsum ac ante
us diam condimentum. Curabitur

-at at consectetur. Fusce tellus mi, malesuada in auctor ac, elementum ut urna. Maecenas

k
fauris molestie augue vel lectus ornare non
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What.if Results: Summaries of Expected Loss
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2021

October

When the brief is to completely overpower a website visitor's attention and keep their eyeballs for as
long as possible to convert them into a sale, it's important to use saturated, contrasty colors and tricky,
thought-entraining animations. But real tools—tools glanced at hundreds of times a day—need to be
humble visual backgrounds for our thought processes: clear but not demanding, structured to allow
easy annotation. It’s still possible to innovate with quiet, basic typography and ancient colors; just view
the problem from an innovative perspective.

(Some conventions are ancient and exotic: “rubification” of a manuscript—adding red to foreground
things—was originally done with inks made of ground rubies. We use humbler commercial process
inks—but respect the visual/cognitive tradition that red means special.)
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Once More Around the Sun, a year-at-a-glance A linear calendar that breaks only at months to allow one
calendar; every hour of the year is visible all to more easily see and arrange blocks of time throughout a
at once, to be marked or pinned on the 2’ year. (Here, conferences/talks in 2006; a couple had to go,
paper version. and a bit of time was needed for work in between...)



Are you immersed in your task—or coping with some damned tool?
A good tool acts as an extension of your body, of your mind. It can
let you react and prepare before you even know an issue exists.
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When the market’s operating as usual (top) it's appropriately boring, so the specialist’s eye is
drawn to in-context alerts: drop-shadowed lozenges; rendered trompe l'oeil on a flat ground so
they activate both our what and action-oriented where visual pathways. But if an order sweeps
up through an LRP (gray dashed line, a nickel above and below the market) it's serious—things
are moving too fast for market participants to post more trades in that range. That also becomes
an alert, impossible to miss at its red limit line, signaling that the system has frozen automatic
trading until the lozenge is clicked—signaling so clearly one can react as if it's a physical threat.

Martial artists have known for centuries that it's possible to react to something before you
consciously know it's happening. It was ascribed, e.g., to one’s chi being mystically in tune with
the external world; like Star Wars' the Force. We now know it takes roughly 300 ms for an event to
enter consciousness but less than 100 ms for deeper perceptual mechanisms to recognize certain
kinds of things—so related concepts can be activated in that 200 ms—Ilike mental scripts of how
the things act and how to respond. Tools that need conscious processing, like the words in
rectangles of almost all common analytic tools, don't tap into this as well as tools that present
perceptual features our older visual/spatial mechanisms can process.

When tools do feed our sensory/perceptual apparatus properly we have a sense of agency and
control. We feel like we're working directly in the world, just doing our task—not operating a tool.
Tool behavior, not just visual design, is critical to functionality. People copied our GS NYSE
handheld (pages 23, 28)—but just its look. Their cargo-cult knock-off got off the ground as well as
stick-and-grass planes do; it lasted a single day on the trading floor.

Blotter

Freeze

Landscape

Auto-Routing  Accept  Saw

Pulling stocks connected by rubberband-like correlations creates an ad-hoc
multifactor space—where the factors are defined by the nature of the stocks
themselves—not arbitrary metrics. See how stocks arrange themselves, trending
toward the (stitched) exemplars that were pulled apart and stuck to the background
to create an ad-hoc continuum along which other related stock arrange themselves.



Flow is hard to illustrate on a static page,
but here we see direct manipulation, a
flow-engaging interaction paradigm
where one directly manipulates the
representation of the data.

We see it in three forms: first, in the
Attributes view we're sweeping out the
range of data we want directly on the
graph, directly on the data.

This creates three data “outports” which,
second, let us directly/tangibly pipe the
“within"-range partition of the data into a
SectorCircle’s “mark” inport.

By removing the need for button
pressing or writing code we essentially
let the person’s body do the data
handling, offloading that effort to older
mental mechanisms where task-
appropriate and freeing the mind for
analysis, insights, and collaborative work.

~CompanyDataRBICS

annual_revenues_0

L3

annual_revenues_1

market_cap

Mihaly Csikszentmihalyi studies the psychology of optimal experience. But when you're “in the zone”
your whole-mind behavior goes deeper than the veneer of experience. In fact, flow’s pleasant
experience may be a by-product of working effectively in the world: an evolutionary reward making
it more likely to be selected into the next generation.

Csikszentmihalyi lists conditions that induce flow, and we've developed many techniques that create
those conditions. Notably: a tool that looks like a specific task reinforces a clear goal, and its
affordances’ direct sense of agency create the clear, immediate feedback a good tool provides: Ben
Shneiderman’s “direct manipulation” with “rapid, incremental, reversible” operations.

When a Web tool takes time to respond it's far worse than a lost %2 second—it interrupts flow, which
has been tested to sometimes take more than 23 minutes to regain. This ruins productivity and
alienates the viewer. The Web might someday grow out of its “terrible twos,” interrupting us because
it feeds on our attention, or because pages are poorly implemented. But a mature set of tools avoids
this already, independent of the platform.
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* Sector Circle (Marked by Attributes: ~CompanyDataRBICS

annual_revenues_0 within)

Manufacturing and
Information Technology
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Electronic Components
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Business and
Transportation Services

Third, to mark more positions €}
we can pull the range bottom

up an down and instantly see aCompanyDataRBICS e ‘;’;f::i';::;" S B
the marks disappear and annual_revenues_0 Healthcare
proliferate until we've marked ;
(circled) just the number we're

looking for.

No iterative query necessary.
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Facilitating mental “chunks” lets people juggle more.
We “rescued” the traders at a major international energy- 9 peoplejugg

trading bank from a design created by a salient global markets

UX-design firm. Their design followed all the proper design Former UX Design Our Redesign

rules; our followed the way traders think.

ENERGY 14 SYSTEM = ENERGY14 Commodity Swap BPI_1200667-0 cal'6 10k BBL/day (2.52M total) USD 0.86/BBL €

Making a separate field for each input certainly created a tidy- = {ooNmRONY GNAR © roomonaL o + Commodity Swap ] BPL_1200667-0
looking strip that needed to constantly be scrolled to complete Reval A RunPOC A PANATSILOLO  RMSFENO1 11-0ct-2015 11:10
the task; one of the primary complaints. = e e —
C P; JSD/CAD
erency Pem i PJABFOO - CLc1
And worse: It. Broke. The. Thoughts. Of. The. Traders. Into. Many. Settlemen nstrument__ Weight Uit Gonversion c [
PJABFO0 il ~ =
Separate. Pieces. Worse. Than. This. Typographic. Trick. Does. Period | calls cLel a oo :
Swap Period [
Doing our discovery right on the trading desk we just listened. Boo RO kil cal'16
Those pieces were used in sentences—each one a meaningful Counterparty T 2015 01Jan2016 31-Dec2016 Monthly  Calencr
and known subtask: a cognitive chunk in their workflow. So we rrace ool ] [t O~ ¥ volume , _
created these Composite Fields, which cemented the separate . R [ oo tCE Mo | S ©- | Buy10000 BBL Day 2,520,000
xecution Timg 4
fields back together into those real-world chunks. Price Calculation
OBSERVATION DATES Currency P init Rounding Method .
L . . . . —— — 0.86  USD BBL 3DP  Standard L
An unsolicited email from the project director reported: ey | o v B =mp— :
e . Sidg el
“feedback has been positive, people booking complex S Business Calend rmon Priong ation Order
- ConnEcIoRy| Yes o~ PLD = NYMEX Yes Avg at End
products without having to understand the application or Instrument QI 9
f P ” ) Claculation Order Avg at End Qv Payment |
been given training! Weight Uni US 5bd
No scrolling at all. And in startup-speak: 100% customer S CEE _ s Business _ Afterperiodend  NY MFEO
satisfaction, zero training costs, zero support costs. All done Instrument eE Payment | USsbd o~ S ———
o : 1,000,000
within a flat design vocabulary. Weig Num |5 o
e, e | o- This gray background is the target screen size;
Amounf the previous UX team’s design exceeds it by 3x.
From After period end [x 2
0 Currency
Business Calendar | NY o Our redesign fits the target screen
Per Unil
S |- o- easily and allows more recognition

information, e.g., a blue/red linear
payment schedule graph.
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Another bit of history, the Goldman Sachs broker handheld
from 1999, has strongly-differentiated visuals for different
functions so your eye snaps to what you need—by letting you
ignore the things you don't, just like in the real world.

Flat-UXer fashionista denigration of skeuomorphism misses an
essential point: we animals need those rich visual attributes to
encode real-world objects by their functions. Imagine one of
them redesigns your home with even their best UX widgets for
every function—and there’s a fire. Do you survive?

Left: The ink-entry screen copies that era’s floor-broker physical
paper execution slip (inset) because it worked beautifully—it
evolved over decades to an optimal size & configuration. Center:
The reality-mimicking keypad can’t be mistaken for anything
else. Right: When brokers needed to compare several orders to
choose among, since copies of the paper ones didn't fit on the
screen we transcribed their meaning, not the ticket.

Here’s a cognitive-engineering almost-koan: how do you
illustrate something someone’s never seen, yet let them recognize it
instantly? This one has an answer: entities are just bundles of
features, whether they're in the mind or drawn. So if you draw
the idea’s characteristic features, encoding importance and
relationships, they're recognized and mapped back to the
mental entity—voila: people see their thoughts.

Visual features in this design instantly show all the actionable
parts of an order: what'’s buy or sell, what's amended/working/
done. And critically: organizing by price let brokers ignore all
“out of market” orders, focusing where deals happen: sells touch
buys “at the market.” The previous design hid that, ordering by
time so they could find new ones at the top. Here new ones are
in-situ—unmissable black until they're touched/accepted.

This design kept the Goldman brokers the fastest on the floor,
competitive for years after NYSE electronic trading started.

Ironically, we often work to shed attention rather than attract it;
visual differentiation helps us ignore what we’re not looking for.
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Edwin Hutchins studied how the five Navy roles on a ship’s bridge become a single cognitive entity.
Their tools (map, compass, log book, even the physical throttle position) bind their thoughts into a
single emergent intelligence, able to do cognitive operations no individual could alone. Entities that
emerge like this need not be self-conscious like science fiction’s hive minds to work, and have existed as
long as humans—in countless forms from tribes to quartets to partnerships. People in closely-
interacting roles, like analyst/portfolio-manager, or PM/investor could be such entities but they're
divided, collaborative thought all but prevented by today’s isolated tools.

Our tools enable these meta-minds to form by enabling instant flow of information between the people
Left: the Pool allows involved. They act as shared memory, facilitate non-verbal communication—and optimize group-think.
global collaborative
ad-hoc exploration
of any data types;
here: catastrophe i
modeling analysis
in re/insurance.
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Above: WorldMerge let intelligence analysts with different backgrounds,
skill sets, even working in different agencies, work together to synthesize
quantitative data with qualitative data—whether they were in the same
room using the same display or across the world.
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Right: Brad Paley is
interviewed at the
Whitney Museum in
front of his work
CodeProfiles, which
reveals coding and
optimization
processes to a lay
audience.

Left: the experimental

the Pool ©2016.2020 didall ights reserved - radaid.co
AverageDragons view
compares hundreds of
stocks through time.

25

Relationships among
Scientific Paradigms

»e.q

Above: a map of science (featured in Nature and a dozen other publications) organizes the
whole world’s scientific publications. The ghost of that large map is then repeated below for
several countries, coloring just that country’s contributions. The original was three feet wide,
but look closely and you may see the West's strength in medicine (the map’s lower left), the
East’s strength in math and physics (upper right), and Europe’s relative balance.



2 Applied to Real-World Tasks

A sampling of products/tools designed and/or implemented by Digital Image Design Incorporated
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If these images seem more meaningful and engaging than most analytics-support systems, if
they look richer, more clearly grouped and organized, or if they more immediately telegraph
domain-specific concepts and actions, it can be attributed to Cognitive Engineering. Much of
this work is as close as we can get to directly transcribing domain-specific concepts and actions.
This is what we think of as true, unconstrained Cognitive Engineering Design.

But even the more prosaic-looking work embodies a subset of Cognitive Engineering we call
UX++. UX because it operates in a browser, engaging the mental apparatus people develop
using common widgets; a designer’s usual excuse for not inventing new engagement models.

Created back in the 60s and 70s, these widgets do fit form-based tasks—which still exist. But the
intervening half-century has applied little more than cosmetic make-overs, leaving an aching
need for at least two significant increments. One + results from each task action being analyzed
rigorously by experts in the task’s domain, as well as experts in tech and design—generally at the
granularity of sub-second cognitive operations. The other + foregrounds a willingness to
include subtle visual elements that directly and uniquely depict specific business entities: pre-
attentively recognized; zero cognitive load to find and use. Inconsistency serves recognition.

Every color, margin, line, font, tint, transparency, shape, and drop shadow in this work was tuned
for visual grace on the page—after it was shaped to guide the eye more quickly and surely to
what'’s important for the task, to evoke insights more easily, to inform decisions to be more
rigorously balanced, to afford more fluidly-executed actions and more easily-confirmed results.
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You are invited to fan quickly through this whole book to absorb this work as a gestalt,
noticing how different we made the tools look in order to correctly reflect the variety
of tasks supported. But you're also invited to scrutinize tiny details, to try to unpack the
meaning those details depict, even if you're not an expert in that domain.

Better: absorb these techniques & visuals as an expanded palette we can together use
to illustrate your own domain. The process of making a painting is regularized, but the
results vary widely, revealing each subject’s uniqueness. This is how to create interfaces
that don't interfere with the task, but disappear as if they're windows into it.

Deep visual semantics of task details differentiate this work; they stabilize fleeting
concepts, from the mind to the screen (or paper!) so people can build second-order
ideas on top, so they can enter flow state more effortlessly. These “pre-understood”
visual representations of domain elements get the system out of the way. People look
not at the surface of the screen but through it—directly recognizing and applying their
ideas within the thought space of the domain to which they’ve devoted their lives.

Cognitive science now recognizes that even abstract thoughts largely have a
foundation in physical metaphor, grounded in space and shapes. Articulating the
interface to leverage the spatial mechanisms of thought increases productivity,
reduces misinterpretation risk—and most important: facilitates insight, creativity,
and the personal satisfaction experts chose their domain for in the first place.



Key feature: Invention of the “information object” representation to reduce
cognitive load reading orders (near right). It reassembles order attributes into
an illustration of the order thought-entity actually living and working in
brokers’ minds. (Attributes are usually torn apart and spread across a grid as its
columns, they still—suboptimally—are in almost all of today’ common
transaction/analytic tools.)

“It’s hard to let go of something you've been doing for a long time and do
something new. Brad’s given us an ergonomic shorthand. You don’t need to learn
it, you just grab it with your eyes. The bottom line is that it makes the broker more
productive. And that makes the firm more productive.”
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Merrill Lynch, 2000

Key behavioral advantage: Created clear visual trade tracking within the sales
trading blotter: every trade’s “fills” progress and state was immediately visible,
as were “unmissable” alerting visuals for critical operations.

Accessibility advantage: Conventional (red/amber/green) colors were used for
alerts, but they were tuned to have the proper differentiation and visual
saliency ordering for color blind people, 7-8% of all men.

Development cost savings: This is an early application of the Paper
Prototyping stage in our design methodology. By illustrating and printing out
every significant system state, then hand-simulating the system in front of a
trader asked to pretend they were using it, we caught bugs immediately and
added enhancements before both coding and even spec-writing—this saved
huge amounts of effort, money, business-side frustration, and calendar time.

“I worked with Brad at Goldman Sachs and thought his jet-cockpit-like
ergonomic approach was normal—until | tried to find a team in London to do
the same. We looked at everyone we could and didn't find a fraction of the
background, insight, or capabilities. | was happy to be able to use didi once | got
back to the States. The resulting interface clearly made our Equities Sales
Trading more productive as well as happier using the new system.”

—Perry Metviner, Managing Director, Equities Trading Development

4 Merrill Lynch FAST -- Order Blotter — Don M= B3
Fle Workbook Edt Sheet Help

o Curtent View Expiy [AI =] Qlents Groups [My Group |
esel - 5 =
AllOrders  -| cou[iamawares =] |Primary Clients -] cuer o [sei Potfolis Mnenance
Symbol] [t Limit | JClient Quick Entry Line Symbol] [ Gty Limit_[ ] Client _New Sell Order
Symbol] | oty Limit [Ts]TTexay JavgPxfLvs [Dest [c]BClient Symbol[ [aty Limit | [s]T]Exoty |AvgPx]Lvs [Dest [C|B|Client
SYYRRENZEo =S S6] T BT T Mo 4 T

13,000 299886 7,000
17,000 29.9886 3000 port 3000 port

7,000 DOT

20,000 29.9886 Joe 6.
13,000 209886 7,000 DOT
) 20,000 port
13,000 29,9886
= 2,000 29.9886
200,000 o

Tritanope (very rare) colorblindness simulation
CxI:Trd ) 15,000 68.3076
Cor:Yes) 86,000 29,988
13,000 29.9886 7,000
17,000 29.9886 3000
886
S DOT 13,000 29.9886 7,000
Port ) 20,000
96 Joe G. 13,

17,000 29.9886 3000

7

200,000 29.5
25,000 29.3302
25,000 292

17,000 29.9886 3,000

29



TextArc is a graphical index of a text that can be used with any text.

It generalizes to simultaneously show frequency of use and
distribution of any set of entities with respect to a linear ordering
of another class of entities that relate to them.

TextArc draws every line of an entire text in a tiny font, wrapped
into a clock-like ellipse inscribed within the display bounds. This
alone results in an unreadable mess. To make it readable, it also:

Draws each significant word at the centroid of its usages in the
text; pulling it close to where it's used most

Draws those words larger and brighter if they're used more

Draws star-like “distribution glyphs” next to each word to show
where it's used in the print

Draws rays from words to where they're used when hovered in
the interactive program

Draws each word in a color related to its position: high saturation
means a word is used mainly in one place, hue is determined by
its sequential/angular position in the text; this allows words
common to one area to be more easily seen because the color
contrasts with the context when used elsewhere

TextArc has been exhibited in The Museum of Modern Art, the
Chelsea Art Museum, Google’s New York headquarters gallery; it
won Grand Prize [non-interactive] at the 2002 [6th] Japan Media
Arts Festival; and had many other appearances “in person,”on the
Web, and in books.
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Morgan Stanley 2002

Key advantage: Created “unmissable” dimensional lozenges as alerting visuals
(right) within the trading blotters—dangerous situations were made impossible
to ignore by visual layering.

Separately, on the quick input screen (below), the risk of trading with a client at
a deficit was reduced by introducing a real-time market feed that put real prices
in the execution buttons and made prices that lost money look dangerously
red. Note that the trader could still do the deal; important if they'd verbally
committed. Often overly-zealous business analysts design limits into the system
that get in the way of unusual but sometimes-necessary business practices. We
alert, not prevent. We trust the expert to know their job.

{179

. Foreign Exchange

==X

Defautt Coverage Group

Trading Name

Account

DDI Account

(O GuyP

New

Client Side Curr

PGS  ms/Buy USD
PGS  ms/Sell USD
GMPP  ms/Buy USD
CAM  ms/Sell AUD
PGS  ms/Buy USD

GLOBAIms/Buy USD
EqGRO ms/Buy USD
EFEE  ms/Buy USD
CAP  ms/Buy USD
GMPP  ms/Buy USD

ms/Sell USD

CAM  ms/Buy AUD

09 |11

45 | 49

|11

~ Al

Quantity Curr

40,000 CAD
{4,000,000) PLN
4,500,000 PLN
1,494,728 USD
4,000,000 CAD
1,000,000 CAD
2,000,000 CAD
1,000,000 CAD

40,000 CAD
4,500,000 PLN
(4,500,000) PLN
1,494,728 USD

05|06 | 07 08 09 10 |11 |12

Side Curr Quantty Curr

Quantiy  Spot Rate

Paints

All-in Status

~ Al

~ Al

B

Quartity  Spot Rate Points Alin Status Value Date  Traded Date Spot Trader Salesperson
(56,080) 1.4020 0.0000  1.4020 28-Aug-03 27-Aug-03 MIM Susan £+
16,045200  3.9969 0.0144  4.0113 [LEGLD 30-Sep-03 27-Aug-03 JLA Susan F
(17,986,050) 3.9969 0.0000  3.9969 259-Aug-03 27-Aug-03 JLA Susan F
956,476 0.6399 0.0000 0.6399 29-Aug-03 27-Aug-03 MIM Susan F
(5608,000) 1.4020 00000  4.0113 Unallocated ) 28-Aug-03 27-Aug-03 MIM Susan F
{1,402,000) 1.4020 0.0144 4.0113 30-Sep-03 27-Aug-03 JLA Susan F
{ 2,804,000) 1.4020 00000 4.0113 30-Sep-03 27-Aug-03 JLA
(1,402,000) 1.4020 o0oo0O0  4.0113 30-Sep-03 27-Aug-03 JLA
(56,080) 1.4020 0.0000  1.4020 [_Alleged ) 28-Aug-03 27-Aug-03 MIM Susan F
(17.986,050) 3.9969 0.0000  3.9969 29-Aug-03 27-Aug-03 JLA Susan F
16,045,200 3.9969 0.0144 4.0113 30-Sep-03 27-Aug-03 JLA
(956,476) 06399 0.0000 0.6399 _InProcess ]29-Aug-03 27-Aug-03 MIM Susan F
[ Bl

Rebook @ Average Rate

Value Date  Traded Date Spot Trader Salesperson

usb JPY

SK

Guy R 4|

31

0.34

-2.52

0.35
247

-12. -11.8

-22.95

-22.65
$8. $7.75

N
N
=

7Y Exit |




Kellogs, 2003

CoGSS was an early search tool designed for medium-sized
document libraries. It was tuned for library exploration and
senior management use. Long before Large Language
Model Al it tried to assist a search effort by looking through
partial results and gently suggest them to the researcher. A
conceptual design sketch is to the right.

The layout is an easy-to-use left-to-right refinement search,
with four panes:

« Common Terms: the search tool suggests what to look for
« Search Criteria: multiple ways to look for a document
e Document List: the list of documents that meet the criteria

« Document Preview: a curated excerpt of a document

Each pane has special features:

The Common Terms pane may have three lists in it, each one
showing many possible search terms (e.g. Health, Atkins
Diet, Organic, February 2003).

The three lists are currently “Favorites” (a list that people can
populate themselves), “Business-Wide Terms” (terms that
commonly occur within the business), and “Terms in
Selected Documents.”

This last list is rather special: it looks through all of the
documents that are in the current “winnowed down” list of
documents and shows the terms most commonly used in
those documents. It can be a help for people to see what
sorts of topics remain, and provide “proven” (known
existing) terms to refine the search. It changes every time
the Document List changes.
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Key advantage: Put up to four times as much

information in the same screen space, if

information is measured by characters on the
screen—yet left it more readable than before;
put perhaps fifteen times as much information
on the screen if measured as inferences that the

specialist can make.

“Brad Paley looks at the world differently, and
provides a perspective in design that is

innovative and intuitive for users. He is able to
combine his unusual perspective with years of
proven successful design and implementation to

deliver transformational change with the
mastery of a minimalist.”
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Orion is a sophisticated internal organization chart,
HR database, and access permissioning system.

Key transformation: Extremely abstract
representations of complex relationships among
teams, people, roles, permissions, securities,
systems, clients and other entities were made
concrete; easy to drag-and-drop, easy to modify.

Cognitive Engineering Principle: map data back to
the real-world elements and behavior they model.
We used common, recognizable screen objects to
evoke real-world entities (e.g., a person’s outline for
a person, a briefcase to hold the data needed for a
specific job). Then we carefully matched the
expected real-world constraints implied by those
objects to the system’s data constraints.

For instance, it's common sense to drag a person
into a group, or put 3-holed paper (signifying data
type) into a binder, then to put either a binder or
piece of paper into a briefcase—but not to put a
person in a briefcase. We took system operations
out of the realm of abstract UX forms and invisible,
hard-to-remember associative rules and recast
them as expected, obvious relationships among
things; this reduced errors and simplified learning.

Operational Impact: 50+ Web-based screens which
could previously be operated only by the program
developers were reduced to six objects & three
views. The resulting system was easily used by the
entire intended audience throughout the firm.
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Key advantage: Sped up brokers a factor of fifteen to twenty (7-10
seconds was independently tested to reduce to 0.5 seconds) in the
fundamental process of doing a “refill” order. We also greatly sped up
cancel-and-replace operations for moving one or more orders to a
different price point while enabling improved strategic thinking and
reducing risk: just drag the child-order tile (e.g. 5,09, clicked, so
outlined in blue lower left) to another price point.

Fundamental business contribution: some of these orders had non-
trivial behavior. The clicked 5,09, e.g., had a discretionary range of +4¢,
and followed 2¢ below the MKT (where buys meet sells), hoping for a
big sell order to sweep down and execute it—but had a ceiling of 26¢.
Quite abstract, and previously hidden (sometimes forgotten) in a
separate details screen.

We illustrated these behavioral rules (light blue overlay lines) directly
in the context of the market—so they could be understood and even
modified while thinking about how they related to all currently-active
orders. (The up/down arrows could be dragged to change the penny
boundaries of the parameters).

In fact, these were the earliest algorithmically-driven electronic trades.
Though contemporary algorithmic “strat” trades are even more
complex, and some play out in statistical spaces rather than market
spaces, this same approach could be used to bind algorithmic bots
and human flexibility into a real-time market-compensating hybrid.
Chainsaws are powerful, but better when a human directs them.

“Apart from his great skill as a designer, Brad has a unique ability to
develop a design by listening and understanding what clients want and
need. At the NYSE, Brad was asked to design a state-of-the-art portable
order management system. His constituency was a broad group of high
level brokers with disparate needs. By combining his communication
skills with his design knowledge, Brad developed a remarkable product.”
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Key advantages: Vastly simplified the definition of customizable reports and
specification of automated report delivery by both clients and internal staff,
organized immediate access to those reports. We're told the project manager
later duplicated the innovative ideas at Citibank as her own.

Illustrated here: One of the working pages, originally printed on real paper
approximately three feet tall to allow easy Paper Prototyping iteration with
the core team; we printed scores of these. All process discovery and sub-
second cognitive task decomposition was done with a varied team of experts
including coders, client support people, and system experts.

Cost & Image-Risk Benefits: Each Web page took weeks to design and hone,
but once it was implemented it was released immediately to the entire
audience of thousands of clients—with no need for re-design or interface
bug fixes. This is a primary advantage of Paper Prototyping: virtually no post-
deployment “agile” fix-up releases are ever needed—they can go toward
adding new functionality.

“Our Prime Brokerage Web site was complicated, but the didi redesign made it
both simpler and clearer. The didi approach made our highly-functional
(but complex) client-access Reporting system much easier by applying
unique didi information-object technology, and the paper prototype-based
design process we learned from didi saved us uncountable development
hours and business-side frustration.”
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Earle Industries, 2008

Intelligence Community analyst’s workstation prototype.

Key innovations: Newly innovated interaction techniques
allow instant “data fusion” association of disparate
classes of data objects in freeform “blobs,” and
relationships between objects with categorized links;
the design allowed several analysts to work together, in
the same room or globally, in real-time or
asynchronously; this is our earliest work explicitly
innovating toward Distributed Cognition. The concept of
two-sorted multiple logical analysis was directly visually
supported; “scenarios” (smaller ellipses) organized
information related to a developing “story”; and different
stages of the formation of a story are represented in an
active visual audit trail.

“We came to Brad because common sense in cognitive flow
is apparently rare. We needed someone to guide some
conceptual thinking very early on in the project and have
found his approach invaluable.”

—Ted Goranson, Project Director
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Key advantage: Our redesigned tools got permanent space on the
extremely valuable and generally inaccessible-to-new-tech
trader’s desktop; before us they needed to be launched for each
opportunity—and almost never were.

Three tedious screens/operations were combined into one quick,
small tool, which also visually clarified the new transaction-
related business process this dark pool innovated.

“We used all the standard conventions broadly recognized at the
time, not dissimilar to what'’s in use today. We were asking a very
busy and impatient group to do something new and different. We
were not breaking through.

We were at risk of failing.

I met Brad the next year, saw his portfolio, and was astonished. |
knew I'd found the key to getting BIDS accepted by our market.

Brad led a redesign effort that resulted in a key client telling us he'd
‘never seen an interface improve so much, so fast.’

A few years later, a technology refresh was needed. When an
important client was told a new version was coming, he told our
team ‘By all means—just don’t change the way it looks.”

“It is a transformational piece of software for us. The first
generation was clear and easy, but it was not nearly as simple as
itis now... If you were to look at our version 5 and version 6,
other than the fact that it says ‘Bids’ on it, you wouldn't know [it
was the same system].”
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FFlis a working prototype of a broker-centric
fixed-income trading front end.

Key Update: Improved every individual screen
layout to better follow expert trading behavior,
adding impossible-to-miss alerting and second-
nature multi-key filtering.

Deliverables: A complete system redesign, plus
working and tested source code for an
enhanced Java widget set that simplified visual
presentation, embodying cognitive engineering
information layering and other innovations.

Blotter Positions Market  Ticket

Maturity

2010 May 27
2010Jun17
2010 Oct 21

2011 Jan13

2010 Apr15

2010 May 2 77

2010 Jun:

rue 2010 Aug 2

us

sun 2010 0ct 2
JP6  UST-Note A:

’5,000.00

Blotter

What-if

Position
Sett/Held

95.48MM
334

41.2aMM
184 -

87.91MM

76.98MM 7.78

351 1

Positions

7

Dally P&L Dur
Held P&L DVO1  Yv32 (size) | (size) ~ (size)

Configure  Window Print  Help (212) 343-2442

Conv  Yield Bid = Asked Last

1467MM -~ .16 .05
b (25.37MM) 16 19.

Blotter Positions Market Ticket What-if Configure  Window

(96.931

49% (37.92)

Market

™ Price w/r/tpar 1]+ .

40

O Age since issued )+

o e m K

2016 Jun 30, 3.0877
2016 Jul 31, 3.1047
(2016 Aug 15,3.0326)
2016 Aug 31, 3.1595
2016 Sep 30, 3.1969
2016 Oct 31,3.2228

Issue date: 2006-08-15
Maturity; Aug 15 2016, Coupon: 4.875
Y

(unimpl

Print

Help (212) 343-2442

016 Sep 30, 3.1960
2016 Oct 31,3.2228
2016 Nov 15, 3.1353
2016 Nov 15, 3.1036
2016 Nov 30, 3.2467
2016 Dec 31, 3.2611
2017 Jan 31, 3.2748
2017 Feb 15, 3.2007
2017 Feb 28, 3.2896
2017 Mar 31, 3.3193
2017 May 15, 3.2624
2017 May 15, 3.2123
2017 Aug 15, 3.3343
2017 Aug 15, 3.2869
2017 Nov 15, 3.4083

Strip




XTL is a prototype of a complete set of tools for trading
equities in “eXtreme” Trade Lists. Every tool has several
significant innovations, informed by the traders themselves
since we worked for months with them directly on the desk.

The role of traders was changing because of electronic
market access and automated trading tools. We anticipated
that the number of active/working trades might increase
from the then-common thirty or so per trader (which could
be handled in a grid: their “blotter”) to today’s hundreds or
thousands (impossible to work in a grid, hence “extreme”).

Description: A fully-functional prototype of a game-changing
Execution Management System (EMS) front end, expanding
to cover Order Management System (OMS) functionality as
well: an OEMS for the growing class of “portfolio traders”.

Key Cognitive Engineering Change: Equities “consoles,” plus
other task-specific tools, gather all the data necessary for a
task in one place and allow all necessary actions to be taken
within each tool. This obviates the need for a four- or six-
screen setup—most trading could now be done on a

tablet. Read the white paper at didi.co about how workflow is
hugely optimized by refactoring the trading desktop around
the true scarce resource: traders, not today'’s historical
accident of factoring around vendors or data connections.

These tools are direct visual illustrations of the cognitive
steps an expert takes to complete a task. As such they look
completely different from one another. Pre-attentive
recognition allows the next tool needed to be found
instantly, and primes in memory the expert’s cognitive
“scripts” for the next step in their task, facilitating faster and
more flow-retaining intellectual task-switching.
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Tora Trading, 2011

Execution

Clear () Subscribe Umubmibe!

| CS.NULL.HKG. HK.HKD

Side Code  Broker

Break
Break

Filled ExecPrice

Pending  Fill Time (Exc...

v

ccy

Exchange -

HK

HSBC Holdings PLC (400) m

Condition  *

- Normal

Broker Account PC
TestAccount2 v ¥

| Worked _

(reg DA =

A
Notional in USD
|

s il TRADES: DESK . .
| Sample A \ Test Group \ Test \ Demo Group | Desk \ oy e : o

ccY(2) Tég Internal Account / Trade Book

h v vis \ 2 v
i

_ Producers. Allocation Method
= 1

_(M”@m Code AP e

Send || Amend émmdchlldren] Cancel) Collapse All md:ﬂl} Create Child | Action ¥

ParentChild

Side

Parent
Parent
Parent
Parent
Parent

Buy
Buy
Buy
Buy
Buy
Short
Sell
Buy
Sell
Buy
Buy

Key advantage: Improved every individual screen layout to better
follow expert trading behavior, adding impossible-to-miss

Code
6501

6954
6954

Description

HITACHI LTD
SONY CORP

FANUC CORP
FANUC CORP
SONY CORP

FANUC CORP
FANUC CORP

HSBC HOLD...

HITACHI LTD
SONY CORP
SONY CORP

TotalQty

v

30,000

3,500
2,600
1,300
100
1,200
1,700
3,200
10,000
100
100

alerting and second-nature multi-key filtering.

DayQty TotalFilled DayFilled
30,000 25,000 25,000
3,500 2,000 2,000
2,600 2,000 2,000
1,300 100

100

1,200

1,700

3,200

10,000

100

100

LMTPx State
427 Redg Fild:5 C...
0 Redg Fild:4 C...
12,870 Redg Fild
21,870 Redg Fild
1,455 Redg
12,840 Redg
12,830 Redg
64.85 Redg
500 Fild:2
1,455 Fild
1,455 Fild

v

Status Confirm... TotalFill% DayFill% TotalAvgPrice DayAvgPrice

83%  83%
57% 57%
X 8% 8%
Y 8% 8%

100%
100%
100%

v v

432.2000  432.2000

Notional OrdTime...

12,940,000 08:46:03

1,451.2500 1,451.25005,088,091.84 08:59:24

12,850.0000 12,850.0000
12,850.0000 12,850.0000

475.0000 475.0000
1,475.0000 1,475.0000
1,475.0000 1,475.0000

Deliverables: A complete system redesign plus working, tested
code for enhanced Java widgets that simplified visuals,

introduced information layering and other innovations.
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Morgan Stanley and Others, 2011

Workin progress: DRAFT

NetMap (previously “Connecteme”) displays
digraphs: graphs with directed links between
nodes. It helps people understand network
behavior by showing both overall and
detailed structure, inspired by how we're
starting to understand the brain’s
connectome’s neural links between synapses.

Above: An early application to data flows
between people and between systems,
organized into a corporate hierarchy. This
proof of concept was so readable it was in
front of the Morgan Stanley board of directors
within three months of starting.

Map_00_10May2012a

Right: Companies and their supply chain relationships,
organized into a colorful sector hierarchy. Using a world
map underlay as a recognizable visual “label” for sector
hierarchies in different geopolitical markets, this shows
how seeing an overview of some 20,000 links among
6,000 nodes can still support insight and hypothesis
generation. A dozen nodes/links is generally unreadable.

One can click on a country to see all the supplier or
customer links to and from that country (top: the US,
middle: Japan), do the same for any sector or subsector
(not illustrated), and zoom in to see an individual
company, its sector context and peers, and all of its
suppliers and customers (bottom).
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Apple Inc

Key advantage: Directed-graph networks generally become unreadable hairballs after a
dozen nodes and a score of links. Here, thousands of relationships can be interpreted as a
gestalt due to hierarchical, human-assisted (therefore meaningful) layout of nodes, and
one can mentally filter down to make very specific insights about even individual nodes
and links, then drill in for specifics.

Key Encoding Innovation: Direction of links in this digraph can be determined at any scale
due to the suppliers-in-the-top and customers-out-the-bottom visual encoding.

Key Behavioral Innovation: Nodes are initially laid out with automatic rules, but humans
can move nodes or groups to bring conventional wisdom into the layout for better
understanding (e.g., put sectors that mainly consume toward the bottom, or a company’s
C-suite at the top); especially useful when local experts organize their own domains.



RMS was the 100% market-penetration risk
modeling platform in the insurance industry;
founder Hemant Shah was a primary force in
moving insurance underwriting to a quantitative
practice, rather than a historic/accumulation
model. We were privileged to work directly with
him on this and several other projects (like Risk
Atlas, next).

Key Transformation: Refactoring of the entire “Cat
Analyst” interface, reworking a high-cognitive-
load data-centric screen design in favor of task-
centric tools. In the process dozens of entities
involved in risk analysis were made more
concrete and therefore easier to manipulate,
think about, and act on. This let screens display
and integrate much more information yet almost-
paradoxically be more comfortable and evoke
more insights.
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Risk Atlas

DIT2014 (Working LLC Name for a Startup), 2013

Re/Insurance C-Suite Risk Analytics/Overview

Support for an Overlooked Audience: Allows C-Suite insurance
executives to browse billion-element portfolios on a 4k touch
screen, sliced and diced by geography, business division, or
any other relevant data-cube dimension.

Executives can simultaneously see up to a thousand half-inch
glyphs that graphically illustrate strategic business issues,
e.g., risk concentration/balance, or premium vs. expenses vs.
expected loss: everything needed for each analytic task.

Key advantage: It has never before been possible to break a portfolio into so
many cells while retaining the global context that allows comparing details to
trends and outliers. The console for each cell can tell a complete business
story: custom consoles are added for different tasks or presentation stories.

Key Innovation: Supports the hand-off of questions from executive or board-
level management to their direct reports, facilitating faster and more exact
communications between colleagues—or people in completely different roles
—because all are looking at, and thinking on, exactly the same page.
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Key Transformation: Rather than slavishly following tidy-
making UX design rules, and blowing way beyond the
target screen area as the previous designers did, we
listened to how the traders spoke. This let us give them
back the ability to think like traders, not be forced fit their
thoughts to the screen like clerical data-input staff.

Transformative Interaction Innovation: Our “Composite
Fields” are the visual transcription of how experts speak
to one another—and therefore how they think. Each
composite field is a thought “chunk” (a fundamental
finding in Psycholinguistics). Each becomes instantly
recognizable, so it can be reused and understood in
different contexts. The system generated over 30,000
screens on the fly from these intellectual building blocks.
Composite Fields are tiny in space and in cognitive load
compared to the conventional, wasteful UX approach of
our predecessors. And of course, this generalizes: every
domain of practice has its own recognizable chunks.

Both smaller screens here have all the same information:
the previous team’s industry-standard approach was
systematic, but deceptively (confusingly!) “clean,” UX rules
applied without thought. Ours is articulated around
trading concepts, providing an intellectual scaffolding
that helps them execute more quickly, with lower risk—
and also develop higher-level insights more easily.

“We've rolled out most of your designs into production, and
the feedback has been positive, people booking complex
products without having to understand the application been
given training.”
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therefore stronger engagement and investment. Ongoing Work
Website Maintenance
Elimination of False Complexity: The video walk-through on didi.co, from e
. Marketlng Sales 240 Responses (SQLs) #M 240/500 48%
a keynote address in 2020, demonstrates how dozens of report pages 48 Initial meetings I 4660 8
can be reduced to a single illustration—yet simplify understanding. 2400 MQLs 960 Initial calls 9 Went into contract s 915 60%
- 2400/3000 80 I 960/2500 38% 4 Signed i 4/6 67%

Common presentation tools introduce a layer of dangerous complexity —

by shoehorning a relatively straightforward story into off-the-shelf ot Falloff 5(56%)
. . . . . Blockeq:luorsow o e all-off 39 (8
presentation modes, like a PowerPoint deck. A corporation is pemcen P—
complicated (many moving parts) but not all that complex (the
interactions between the parts are known, at least to a first Wit 14 i i MaPi 16-5ales DO 6 20%
approximation). ( : {
PP ) | Marketing | Sales 430 Responses (SQLs) i 430500 86%
. . | ) 70 Initial meetings . 70/50 117%
An oak tree has many more moving parts than most corporations, but | 2400 MaLs W oni i 16 Went into contract s 16/15 107%
| 1
)

— 1920 87% 7 Signed i 7/6 117%

it's a pleasure to observe and understand; so are the many moving parts | (-4
in a corporation when they're illustrated correctly.

Fall-off 9 (56%)
Fall-off 54 (77%)
Fall-off 360

Blocked: 480 (20%) Fall-off 1490 (78%)
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TEMPLETON

Scope: Complete visual and interaction design for these firm- e

wide industry-leading portfolio manager and analyst tools. -

Process: We designed the entire front end, including all visual — =

context and behavior. Then we did deep dives directly with =

portfolio managers and quantitative analysts, tying their T o

workflows seamlessly together with tools that embody the — - TR

understanding and behavior of experts in each role. == o " e - e %
11} o ows

Key Advantage: This project is true Cognitive Engineering: an
exact fit of expert workflow. But it's played out in a plain-old UX
visual context to provide an easy on-ramp for experts used to

common Web UX, and to make it easily implementable with the = L= =
existing tech stack. The critical difference: where plain UX often LT WA A = M =
squeezes out domain details—"vanillifies” each domain—to ‘ _‘-—_ ‘ ————— \’_\ ~
conform to overly-abstract paper-form-like 60s/70s widgets, we ‘ _:'_ "““"l""““lh“il ’
embraced and illustrated those details to telegraph domain Wanager Fund Allocaion e eietmerin Wanager Fund Decomposiion )

familiarity. These screens feel like the business, not the usual : :

lifeless, undifferentiated bunch of widgets experts need to - -

painfully learn by rote—to practice a domain they already know.

Commercials: Thousands of screen mock-ups were delivered over n e

three years; we led the collaborative honing of each one with e

expert business-side co-designers. To exactly fit the questions e - T i F
and concepts in the minds of experts we injected scores of our e e .
own innovative “UX++" affordances. Each was instantly SOy TR B 2 o
recognizable and usable when deployed, generally with no — ST e TS R A n e o

explicit training at all. The same mock-ups also provided cut- NS = i
and-paste CSS, speeding implementation and improving code- G —— I T i 2
to-design fidelity. Screens were delivered as 100% client-owned - — R e i I —
IP, but created from pre-existing didi elements that are available T e ————— oE ot r - S—

to fit future workflows just as tightly. T— LR oo <
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Digital Image Design Incorporated: A micro-CV of Primary Participants
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W. Bradford Paley - Digital Image Design Incorporated Founder, Cognitive Engineer

Goldman Sachs: NYSE broker handheld; Merrill Lynch:
Equities EMS; Morgan Stanley: FX EMS for Sales- and Market-facing traders; The New
York Stock Exchange: NYSE's own handheld, Specialist Workstation; REDIPlus: Full EMS;
BIDS Trading: Dark pool front end; FFI: "TRADEWORKS killer" Fixed Income Broker Tool
Suite prototype; JP Morgan Asset Management: Next-gen OEMS prototype; Tora Trading:
full EMS front end; Merrill Lynch: Tora’s EMS, white-labeled; Macquarie: 30,000+ (!)
Energy Trading screens; Franklin Templeton: Complete visual/interaction design
framework for Mosaig, their Portfolio Manager, Analyst, and investor tools; Lehman
Brothers: InfoVis for neural networks and other advanced research—in 1989! - Plus twice
as many non-financial systems for similarly global clients

Adjunct Associate Professor, Columbia University Computer
Engineering Dept. (appointed to teach own work as graduate seminar); UC Berkeley Phi
Beta Kappa degree in Economics (4.0 in major/minor); ID Magazine Design Distinction
Award, Tokyo International Media Festival Grand Prize [Non-Interactive], Ars Electronica
production award; NYSCA grantee; NYFA fellow; four US Utility Patents (cited 600+ times
so considered a fundamental patent; average citations are ~15)

The New York Times (articles on TextArc,
CODeDOC), Nature, Geo, Slashdot, Esoteric.codes, Visual Complexity (Website & book),
Rattle (the tools as visual poetry), ID Magazine (Design Distinction award, feature on the
NYSE handheld), Atlas of Science, Database Aesthetics: Art in the Age of Information
Overflow, Living With Art, Digital Art, Wired, PBS Science Friday in-depth interview

The Museum of Modern Art, The Whitney Museum of American
Art (permanent collection), ASU Gallery (solo show), The Chelsea Art Museum,
Streaming Museum, Pace Digital Gallery (Pace university), Cooper Hewitt, Smithsonian
Design Museum (permanent collection, upcoming), People’s Republic of China Central
Academy of Fine Arts Museum

Graph Drawing, Diagrams, 9th International Conference on
Information Visualization (“InfoVis”), SmartGraphics, 2020 Summit for Astea/FMI
(“Bulgaria’s MIT”), Institutional Investor’s Financial Technology Forum, UCLA IPAM’s Social
Networking, IEEE InfoVis, ALT.CHI, The Kitchen - Plus scores of invited talks, presented to
thousands of scientists, and workshopped in seminars and classes with hundreds of students
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Warren Kemp - Creative Director, Product Designer

Davidson Kempner: Deals Snapshot, Morgan Stanley: FX
EMS, NYSE: Specialist Workstation, Tora Trading: EMS, Franklin Templeton: Mosaiq

Atmosphere BBDO, Ixonos, Ogilvy & Mather, Publicis Modem, Rapp
Collins, Tractor Studios, Tribal DDB, Wunderman

Al Jazeera America, Cingular Wireless, Citi, Consumer Reports, Emirates
Airlines, Fair Food Program, GE, IBM Brand, IBM Printing Systems, LG Electronics &
Appliances, New Yorker Magazine, Pacific Road Capital, Starwood Hotels, TCL Electronics,
The Years Project, Zuckerberg San Francisco General Hospital

Andy Awards, Cannes Lions Advertising Awards, The Art Directors
Club, The Clio Awards, D&AD Awards, The London International Advertising Awards, The
One Club, The Webby Awards, World Luxury Award - Monaco

Peter Kennard - Infrastructure Architect, Cognitive Engineer

Citibank 1981-2, MarketMate: eBay-like venue for
financial instruments and general merchandise; Mansfield Charts 1979-80, perhaps the first
rigorous on-line chart/data service for ~6000 mostly technical-analysis brokers and traders

Calgari TrueSpace 1986-7, partner in the first true 3D
interactive modeler: architected, coded the kernel & interactive front-end, managed dev.
team, ported to Windows and expanded in 1990-92; Autodesk Animator Pro interactive
animation tool 1988-9, primary architect, designer & kernel coder, dev. team lead

Dialog Table 2002 deployed at the Walker Art
Center; TraceEncounters: a 2.25" wearable pin that discreetly logged interactions among all
1000+ attendees at the 2014 Arc Electronica and drew a real-time social graph (developed
and tested a tiny real-time interrupt-driven multitasking OS on the pin’s CPU in two weeks)

Smithsonian Museum 1973-4, printed from Ansel Adams negatives; Bergdorf
Goodman 1977-9, lighting for their renowned window displays; member of Andy Warhol’s
entourage, visited the Factory



