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By Nick D’Amico, Brand Architect, DX
Former Sr. UX Designer, Adobe

Throughout my career, from my years at Adobe where
craft had to serve function, to my role as Brand Architect
at DX, | have seen that product design and data
visualization share a fundamental requirement: instant
comprehension. Product design and data visualization
must communicate a core message immediately, before
attention degrades. While consumer design often relies
on visual appeal to earn clicks, operational visualization
exists to preserve clarity. In mission-critical environments,
visual elements that do not carry data actively distort
the signal, undermining the very purpose of the
visualization—clarity itself.

This paper does not stand alone. It builds on a foundation
of cross-disciplinary research from cognitive science,
human-computer interaction, and functional design. To
support deeper exploration, a comprehensive Expert
Resource Matrix is included at the conclusion of this
document, offering a curated set of books, papers, and
research labs for those who wish to go further.

At DX, our design philosophy is grounded in scientific
rigor, minimalism, and clarity. The most effective tools

are not defined by trends, but by evidence. Our work

is intentional, not ornamental. When designing for
engineers and platform teams, we are designing for users
whose cognitive load is already high. In this context,
simplification is not about removing information. It is
about structuring it so insights are clear, credible, and
immediately actionable.

This paper, Creating Middleware Data Visualizations:
What the Research Says (and Why Interactivity Wins)
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offers a timely perspective for teams working in middleware and site
reliability. In many operational contexts, dashboard designs influenced by
executive reporting conventions have become common, often favoring
gauges, pictograms, and decorative elements. While these approaches
can be effective for high-level communication, they are less suited

to environments where speed and accuracy matter. As this research
shows, visual elements that do not carry data can slow interpretation

and obscure insight. When a message queue is backing up, an architect
does not need a visual metaphor. They need a clear representation of
the data to support action.

The thesis presented here reflects well-established principles in Human-
Computer Interaction. By prioritizing fundamental visual encodings such
as bars, lines, and dots on shared axes, we use forms the human visual
system reads with the highest accuracy. This approach reduces visual

spectacle and keeps attention on the signal the data is meant to convey.

However, simplicity is only half the story. The second half of this paper,
Why Interactivity Wins, addresses what minimalism alone cannot.
Minimalism without interactivity can leave users without the context
needed to act. The strength of a modern operational dashboard lies in its
ability to invite exploration while preserving clarity. By following the visual
information-seeking mantra—overview first, zoom and filter, details on
demand—we can maintain a clean initial view while giving operators the
precision tools required for deeper diagnosis. Features such as hover
tooltips, legend toggling, and immediate time-window recalculation are
what allow functional minimalism to work in real-world conditions.

As you read through this research, | encourage you to view your
dashboards not as artifacts of presentation, but as extensions of your
team’s cognitive capacity. If a visual element does not earn its place by
carrying data or enabling faster understanding, it does not belong. It is
time to move beyond dashboards designed to impress in a sales deck
and focus instead on tools that support clarity, judgment, and effective
work in the moments that matter most.

Nick D’Amico, Brand Architect, DX

Former Sr. UX Designer, Adobe

Nick D’Amico is the Brand Architect at DX, an engineering intelligence
platform built on scientific rigor. A former Senior UX Designer at
Adobe and UX Manager at O.C. Tanner, Nick has spent nearly

20 years bridging the gap between branding and functional user
experience. He specializes in designing for high-stakes environments
where clarity, evidence, and speed are the primary metrics.

0 https://www.designbydiamond.com/about

. https://dribbble.com/DesignbyDiamond

m https://www.linkedin.com/in/nicholascdamico/
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Creating Middleware Data Visualizations:
What the Research Says
(and Why Interactivity Wins)

The prevailing aesthetic in dashboard tooling favors gloss: 3-D effects, gradients,
pictograms, and dense visual chrome that “looks executive.” Yet decades of
perceptual science and Human-Computer Interaction (HCI) research tell a different
story. For time-critical operations—especially in message-oriented middleware—
clarity and control consistently outperform decoration. This paper synthesizes

the empirical evidence and develops a practical, vendor-neutral standard for
middleware visualizations: favor plain encodings (bars/lines/dots on shared axes),
enforce layout order, use color semantically, and build in interactive capabilities that
let operators touch the data—time-window recalculation with immediate recompute,
hover tooltips/crosshairs, legend/series toggling, point-level selection and temporary
suppression/restore, drill-downs to incident context, export for briefings, and auto-
refresh cadence control. The outcome is faster diagnosis, fewer errors, and more
confident decisions in production.

1. Background and problem statement

Across enterprises, the belief that “fancier
is better” has seeped into the way we
design dashboards. Teams assume

that leaders expect gauges, shadows,
gradients, and other eye-catching effects.
Sometimes leaders ask for them outright.
But operational excellence cares about
different virtues: the ability to notice weak
signals, compare values precisely, and
move from What am | seeing? to What
should | do? without delay. Those virtues
are not helped—and are often harmed—by
decorative visual elements.

Production monitoring for message-oriented middleware is a particularly revealing
test case. Queue depth, message rates, processing latency, and exception patterns
must be read quickly and accurately under pressure. Here the costs of visual noise
and imprecise encodings are not academic; they surface as longer
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time-to-diagnosis and preventable errors. The central claim of this paper is
straightforward: for middleware visualizations, plain encodings and orderly layout,
paired with purposeful interactivity, outperform decorated designs that substitute
spectacle for signal.

To make this concrete, we treat interactivity

as an operational requirement, not a nice-to-
have. In production, operators must be able to
recalculate time windows on demand and see
panels recompute instantly; use hover tooltips
and crosshairs to read exact timestamps/
values without label clutter; toggle series in the

N\ess%%'\“%w“mu

legend to isolate or hide a line that's masking M///
others; perform point-level selection (including e I
temporary clear/restore of a point or entire -

series); drill down from any mark to related ‘
alerts, traces, or logs; export views for briefings; e -
and set an auto-refresh cadence appropriate to / ] :

the incident. These capabilities are built into the J
visualization layer and form the backbone of an ,/
operational dashboard.

2. What the research actually says

The empirical foundations for this claim are robust. Classic experiments by
Cleveland and McGill demonstrated that people estimate values most accurately
when those values are encoded as position along a common scale or as length.
Accuracy drops when values are encoded as angle or area. In practice, this means
that a simple bar or line chart on aligned axes enables more precise comparison
than pies, donuts, bubbles, or any 3-D form that distorts shape and perspective.* 2

Later work examined not only the choice of encoding but also the effects of
embellishment. In a EuroVis study, Skau, Harrison, and Kosara systematically
altered bar charts by rounding tops, tapering bars into triangles, overlapping
shapes, and manipulating relative areas. With few exceptions, these effects
increased error rates compared to a plain baseline. Only a narrow variant—
T-shaped end caps—avoided harm for a small subset of tasks.® The message is
not ambiguous: when accuracy matters, visual decoration is more likely to hurt
than help.

A complementary thread of research from educational psychology investigates the
seductive-details effect. Across multiple experiments and two meta-analyses,
adding interesting but irrelevant visuals reduces retention and transfer. Learners
remember the decoration at the expense of the material that matters.* ° Dashboards
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are not lessons, but the attentional economy is the same: every pixel that does not
carry data competes with the signal we need people to see.

Some work seems to contradict this picture at first glance. A large study on
memorability found that pictorial and colorful visualizations are easier to recall
later.® That is useful for posters and one-off presentations. But memorability is not
the same as operational utility. In the control room, we care less about whether
an operator remembers a chart tomorrow than about whether they can read it
correctly and immediately now.

Finally, recent eye-tracking research on dashboards suggests that not only

the marks but the layout matters. Interfaces with higher layout order—clean
alignment, predictable spacing, and a strong primary panel placed left-center—
produce faster search and fewer detours.’

A note on scope. Bateman et al. found that highly illustrated charts could improve
long-term recall without reducing immediate interpretation accuracy in their
tasks—useful for posters or executive storytelling—but that is a different aim than
minute-to-minute operational reading.® Combining this with the encoding evidence
yields a consistent standard: plain marks on aligned axes, arranged in an orderly
grid, convey operational facts with the least friction. HCI research complements
this picture: interfaces that support direct manipulation and follow the visual
information-seeking mantra (overview — zoom & filter — details-on-demand)
reduce cognitive load and speed target acquisition—precisely the kind of support
operations teams need during incidents.® 1°

TL:DR

People read position/length far more accurately than angle/area —
bars/lines beat pies/bubbles/3-D for precise judgement.

«  Visual embellishments (rounded/triangular/overlapped bars)
generally increase error vs. plain charts.

«  Seductive details steal attention from the signal, reducing
understanding and transfer.

»  Memorability # operational utility; recall doesn’t help time-critical
reads.

« Layout order (clean alignment, primary panel left-center) speeds
visual search.
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3. From evidence to principles

What does this mean for practitioners who build and maintain MQ dashboards?
First, choose encodings that the perceptual system reads best. Bars, lines, and
dots on shared axes should be your default. Reserve pies and donuts for coarse
composition summaries where precision is not required, and avoid bubbles and
3-D forms, which mix area, volume, and perspective in ways that hinder accurate
judgment.?

Second, strip away decorative scaffolding. Heavy frames, drop shadows,
gradients, and pictograms consume attention without adding information. Favor
light gridlines, legible numbers, and direct labels placed only where they reduce
scanning. The guiding question is, Does this pixel earn its keep by carrying data
or enabling reading? If not, it probably does not belong.™ 2

Third, use color as language, not ornament. Color should indicate state,
thresholds, and severity—not mood. Avoid rainbows and traffic-light palettes
that imply order where none exists or mask subtle differences due to uneven
luminance. Choose perceptually ordered scales and keep the palette restrained
so that exceptional states stand out when they must. 1215

Fourth, enforce layout order. Establish a grid; align panels, axes, and legends;
and place the primary chart left-center above the fold, where search patterns
naturally begin. Good layout does not call attention to itself; it quietly reduces
cognitive effort and speeds the path from glance to insight.”

These principles are not dogma. They are the practical consequences of how
people see, remember, and act when information is presented under time
pressure.

TL:DR

« Default to bars/lines/dots on shared axes; reserve pies/donuts for
coarse composition; avoid bubbles/3-D.

»  Remove decorative scaffolding; keep grids/ticks light; label only
where it reduces scanning.

« Use semantic color (state/thresholds), avoid rainbows; pick
perceptually ordered scales.

«  Enforce layout order with a grid; place the primary chart left-center.

 These are practical consequences of human perception under time
pressure—not stylistic preferences.
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4. Why interactivity beats ornamentation

Decoration can be arresting, but it does not help an operator act. Interactivity
does. The HCI tradition describes a simple mantra for information seeking:
overview first, zoom and filter, then details-on-demand.® Interfaces that respect
this progression support direct manipulation and minimize the need to recall
hidden facts."®

In the context of middleware visualizations, several interactions consistently
deliver value during incident response. The ability to change the time window
and have the panel recompute immediately enables operators to isolate

the moments preceding an alert or to verify whether a pattern is persistent.
Hover readouts and crosshairs provide exact values and timestamps without
cluttering labels. Legend toggles let an operator hide a dominant series so
that weaker signals are not masked. Point-level selection—including the
ability to temporarily clear a point or even an entire series and then restore it—
facilitates targeted inspection without losing context. From any mark, operators
should be able to drill down into related context: alert summaries, message
traces, or logs. Finally, practical operations require export for briefings and
auto-refresh to keep live views current without manual reload.

These capabilities are not luxuries. They are the operational counterparts to
the perceptual findings discussed above. Where decorative features increase
cognitive load without adding information, well-chosen interactions reduce
load while preserving access to the raw signal. Interactivity turns a chart from a
picture of data into a tool for decision-making.

TL:DR

* Interactivity turns visuals into tools for action; ornamentation adds
cognitive load without information.

*  Build in: time-window recalculation with immediate recompute; hover/
crosshairs for exact values; legend toggles; point-level select + clear/
restore; drill-downs to incidents/logs; export; auto-refresh.

« This aligns with HCI’s overview — zoom & filter — details-on-
demand and direct manipulation principles.
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5. Patterns and anti-patterns in practice

The clearest demonstrations are often simple. A stat tile
with a sparkline communicates the current value and

the recent trend in a compact, scannable form that scales
across dozens of metrics. Small multiples allow side-by-
side comparisons of environments or queues without the
over-plotting that makes a single crowded panel unreadable.
Aligned bars and lines with restrained color and selective
direct labeling make outliers self-evident.

By contrast, the common anti-patterns all violate one or
more principles above. Gauge clusters prioritize spectacle
over signal; they are space-inefficient, hard to compare,
and too often invite theatrical animation. Better to present
the number and its history directly.* 3 14 > Rainbow
heatmaps muddle order and exaggerate differences; use
a perceptually ordered scale instead.* Three-dimensional
charts and gradients introduce occlusion and bias without
carrying any additional data.®> Map backdrops suggest
spatial meaning even when geography is irrelevant, and
their visual texture competes with time-series patterns.

6. Platform-neutral implementation

Because these recommendations arise from human perception and
interaction—not from a specific vendor—they can be implemented in most
visualization platforms. Start by setting panel defaults that encourage clarity:
thin gridlines, restrained fonts and tick marks, and direct labels only where they
reduce scanning. Establish a color policy that reserves saturated hues for
state and alerts while keeping most series in a subtle, consistent family. Audit
your dashboards for interaction affordances: time-window controls, hover
values, legend toggling, point selection, zoom/pan, drill-down links, export, and
auto-refresh. Finally, adopt a layout system—for example, an eight-point grid—
and treat alignment violations as defects.

Accessibility deserves explicit attention. Choose color-blind-safe palettes,
ensure sufficient contrast, and never rely on color alone to encode critical state.
These steps improve outcomes for specific users and generally improve clarity
for everyone.
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7. Measuring the improvement

Organizational habits change slowly, especially when aesthetics are involved.
A lightweight measurement protocol helps teams adopt new standards with
confidence. Define a handful of routine operational questions—What was

the peak queue depth in the last 30 minutes? Did the message rate cross a
threshold? Which environment drifted first?—and test two dashboards: the
prevailing decorated design and a plain, interactive redesign that follows the
principles above. Record time-to-answer, error rate, and user confidence.
Ship/publish when the new design reduces time-to-answer by a meaningful
margin (for example, twenty percent) and reduces errors by roughly a third
across tasks. These numbers are only starting points; the important thing is to
choose thresholds, measure, and iterate.

8. Governance and practice

Good dashboards are born of good governance. Publish a short style guide
that encodes the rules as defaults rather than heroic acts: bars/lines/dots on
shared axes by default; pies/donuts only for composition; no 3-D, gradients,
or heavy chrome; rainbow ramps prohibited; color used semantically; a single
primary panel placed left-center; one screen at a glance with depth available
through drill-downs. Require the basic interactions—time-window controls,
hover readouts, legend toggles, point selection, zoom/pan, drill-downs, export,
and auto-refresh—on every operational panel. Enforce the grid. Review new
dashboards against the guide before they ship/publish.

9. Conclusion

The point of an operational dashboard is not to impress; it is to inform and
enable. The empirical record shows that plain encodings, orderly layout, and
semantic color produce faster, more accurate reading, while decoration often
does the opposite. Interactivity complements these choices by giving operators
the control they need to cut through noise and act. If your organization has
invested in shiny visuals, consider reframing the conversation: leaders do not
truly want ornament—they want fewer surprises and faster decisions. For
MQ visualizations, that outcome is best served by designs that are simple in
appearance and rich in interaction.
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Expert Resource Matrix:
Foundations of Functional Visualization

The following table provides a comprehensive directory of authorities in cognitive science, human-
computer interaction (HCI), and functional design whose work supports the premise that clarity and
purposeful interactivity are the primary drivers of effective data visualization.

Expert / Author

Affiliation

Key Work or Resource

Primary Resource Link

Alberto Cairo

Knight Chair in Visual
Journalism, University
of Miami

The Art of Insight (2023)
and How Charts Lie

Stephen Few

Founder, Perceptual
Edge

Show Me the Numbers and
Now You See It

Dominik Moritz

Assistant Professor, Car-
negie Mellon University

Vega-Lite Visualization
Grammar

Scott Berinato

Senior Editor, Harvard
Business Review

Good Charts (Updated &
Expanded)

Enamul Hoque

Professor, York Univer-
sity

The Perils of Chart Decep-
tion (2025)

Lace M. Padilla

Assistant Professor,
Northeastern University

Cognitive Models of Un-
certainty Visualization

https://scholar.google.com/citations?us-
er=WqJQayQAAAA]

Steven L. Fran-
coneri

Professor, Northwestern
University

The Science of Visual Data
Communication

Aniket Kittur

Professor, Carnegie
Mellon University

Knowledge Accelerator Lab

Jeffrey M. Zacks

Chair, Psych & Brain
Sciences, WashU

Dynamic Cognition Labo-
ratory

Priti Shah

Professor, University of
Michigan

Basic and Applied Cogni-
tion Lab

Franziska Becker

Doctoral Researcher,
University of Stuttgart

Designing Interactive Visu-
alizations for Practitioners

https://www.vis.uni-stuttgart.de/team/
Becker-00016
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