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Information visualization
— Visual analytics

— Interactive data science and ML

Human-centered Al
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Welcome to Interactive Visual Data Analysis!
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1995: my earliest visualization experience

Me, protocolling bonus points of Solitaire
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Score: 150 Time: 107

https://www.mobygames.com/game/11387/microsoft-solitaire/screenshots/win3x/226909/
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2024: interactive-visual data analysis I e

Zurich™

Example: collaboration with Roche, on in-vitro diagnostic consumables
- 37‘857 images with contamination particles

- 70 production lots

- many other metadata

Diagnostics quality testing. From: https://www.roche.com/media/library-images

Wyss A, Morgenshtern G, Hirsch-Husler A, Bernard J.: ( )
DaedalusData: Exploration, Knowledge Externalization and Labeling of Particles in Medical Manufacturing. IEEE TVCG. 2024 Vg Ziirich™


https://www.roche.com/media/library-images
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2024: interactive-visual data analysis

DaedalusData: Generalizable framework for interactive exploratory analysis of thousands of particle data
- interactive data labeling
- integration of expert knowledge

- data-driven decision making at scale Auxiliary Views
Filter View
DaedalusData Framework
- . _ |
Pre-Existing Data Attributes Augmented Data Attributes
Image & Production Context + Expert Knowledge vowiame ©

Selection View

Lot Darsts -

Detail View

Label View

Single Attribute

Attribute View

YO N

Projection View
Multiple Attributes

Wyss A, Morgenshtern G, Hirsch-Husler A, Bernard J.:
DaedalusData: Exploration, Knowledge Externalization and Labeling of Particles in Medical Manufacturing. IEEE TVCG. 2024
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Data-driven decision-making
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Data-driven decision-making

Direct
Coupling
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‘“white-box” machine learning
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Schreck, T., Bernard, J., von Landesberger, T., Kohlhammer, J. 8.04.2025 | 36
Visual Cluster Analysis of Trajectory Data with Interactive Kohonen Maps. Information Visualization, Palgrave Macmillan, (2009)
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IVDA Research

) S
all three entities benefit from the process g —
— data enrichment Human Models

— model improvement l
— human knowledge generation

all three entities contribute, enabling

) S |
— control (HCAI) % =
— guidance + learning Human Models
— dialogs & communication D

ata
— human-machine collaboration ‘@ﬂé

Universitat Ziirich | Wirtschaftswissenschaftliche Fakultat 8.04.2025 | 41



(17 EE EH
Framework

Data
Exploration




Framework Models

Model & Output
Explanation

Data
Exploration




Framework

Human Models

Knowledge/Preference Model & Output
Externalization Explanation

Data
Exploration




Interactive data labeling, with Roche

Externalization

of knowledge
contamination particles

Human

Understand types of
contaminations of
in-vito diagnostics

Explanation 1 1
of projection by their —
conftributing attributes L1

visual exploration of 37'857 particle images

Models

Semi-supervised projection of
thousands of particles based

on user preferences & labels

Labeled label-informed
particles projection

Alexander Wyss Gabriela Morgenshtern Amanda Hirsch-Husler Jirgen Bernard. TVCG 2024

EXplOl’Clﬁon Large-scale dataset augment-
tation with expert knowledge

. ” particles of contamination errk
patterns about contaminations
Data N

il 8.04.2025 | 45
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Interactive data labeling, with BMW

Externalization

Categorization of errors
and their causes

Corrleation Patterns Cluster Overview

Human iy oy syl s
Understand SOl ;
previously unknown - 11" jQ = cp cy S ) M
errors in engines B\%ﬁm"& Buy By fae — oy
Add4 - ]

Engine NOK
Cluster NOK

Cancel

Lo
DRI S N I N N U
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@ Joscha Eirich, Jakob Bonart, Dominik Jackle, Michael SedImair, Ute Schmid, Kai Fischbach, Tobias Schreck, and Jirgen Bernara

Best Paper Award at IEEE VIS, 2021, TVCG 2022

Exploration

Detection of error
pafterns in engines

Data
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Order Pair Details from Hypermatrix

Explanation
Interpretable visual clustering result —
and contextualization of error causes L1
D Models
L'

Interactive steering
r of NN parameters

TTas00 s0o0 7500 fo000 12500
RFU

Labels of error categories

and annotations of causes

ol
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Preference-based creation of item rankings

Externalization Explanation 1 1

of preferences about of contributions of —

data afttributes afttributes to the ranking L1

Human Models
T

Understand attribute e — Rank modeling using
distributions and data ! B . ) .
characteristics -f = % F Attribute Scoring Functions

price El

800

600

400 Barth, Clara-Maria ; Schmid, Jenny ; Al-Hazwani, Ibrahim ; Sachdeva, Madhav ; Cibulski, Lena ; Bernard, Jiirgen
=TT Computers & Graphics pp. 45-58, (2023).
% 300
M .
AN Exploration Set of processed attributes
of data attributes based on formalized user
(cat/num) preferences

o pata |7
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Activity patterns in patient sensor data, smart watches, Multiple Sclerosis

Externalization

of preferences about sensor,
pattern lengths, granularity

Human

Understand the activity
behavior of MS patients

Multiple Sclerosis symptoms

Visual:
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Gabriela Morgenshtern, Yves Rutishauser, Christina Haag, Viktor von Wyl, Jirgen Bernard
Journal of the American Medical Informatics Association (JAMIA), 2024, in revision
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Exploration

Reveal patterns in
sensor time series data

Data

Explanation
Visual clustering result and —
contextualization of error causes Ll

Input] 15 Patint =
1 Oate. e o o s
[Start of Patterr: -
b s 10 1 20

Provenance: feature seft,
interactively created based
on user preferences

ol

Models

Interactive steering of NN
parameters, pattern search
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https://www.frontiersin.org/articles/10.3389/fphys.2016.00194/full
https://www.frontiersin.org/articles/10.3389/fphys.2016.00194/full
https://www.frontiersin.org/articles/10.3389/fphys.2016.00194/full

Towards interoperability and accessibility of digital editions and ORD

Externalization

apply filters for time, geo, and
types of text in editions,

= ORD-Xplore ns W TIME

Edition Details
i — n Connect

y View
[0 Atharvaveda
% Bullinger

H_Wolffins

Human

4, Kénigsfelden
[ Robert Walser

. iurisprudentia

Understand how isolated
digital editions can be
connected in the future

Edition Document view

Similarity b

ilarity view
gital editions

Digital Edition Projects

Documents in a digital edition

make digitally edited

igital edition projects st UZH, with furth
alysis.,

questions, Here you will find a
technical tools and possibilitie:

zde.uzh.ch/en/projects.html

Select an edition to vie

Exploration

Reveal time, geo, and text
connection types for six digital editions

Data

Universitat Ziirich | Wirtschaftswissenschaftliche Fakultat

Explanation ! ¢

Multiple views including time,
geo, and textual perspectives =

W TEXT M GEO Enable all editions Reset filters

© view

ocuments

Models

Atharvaveda
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Bullinger | I | I

H_Wolffins ‘ | H
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Robert Walser

Compute the connectivity
of digital editions based on
user preferences

iurisprudentia

Text View

ext in the edition

Atharvaveda
Bullinger
H_Wolffins
Kénigsfelden
Robert Wals...

iurisprudentia

Madhav Sachdeva, Michael Blum, Tobias Schreck, Yann Stricker, Ruedi Mumenthaler, Jirgen Bernard

Provenance: protocol of user
preferences about connection
types => informs standardization

8.04.2025 | 49




Mapping 17 sustainability goals (SDGs) to UZH publications

Externalization

Critically validate model prediction,
inspect publication, perform labeling

d &
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Human

Author (case sensitive) Title, keywords,..

Discover publications, learn
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Scale: ot
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Explanation ! t
Explain why the model predicts —
SDG mappings for publications ™1

wEE n=
H B B E
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l search l l Reset l Publication filter:
54789 /116959
Re-train classifier based on
extended and enriched
fraining data
Publications per Year 9
Filtered Out [ Publications by Year
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Jirgen Bernard, Raphael Beckmann, Eduard Cuba, Euxane Pinto, Nicolas Huber, Simon Clematide, Lorenz Hilty, Martin Volk

Exploration

Overview of publications, show
structural characteristics and patterns

Data

Universitat Ziirich | Wirtschaftswissenschaftliche Fakultat

Add human-labeled publication
to the training data

ol
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Human

Interactive Visual Data Analysis Canvas

Alignment of Humans, Models, and Data by their Confributions to
and their Benefits from VA Processes

Benefits for Humans (

Models

¢

) Externalization Explanation

Pattern Detection
Pattern Contextualization
Hypothesis Testing

Insight, Evidence, Knowledge []
Presentation & Storytelling
Personalization

Insight Provenance [

Human Collaboration [

Benefits for Models

[] Context Understanding & Expertise
[J Preferences & Subjectivity
chbeIing, Formalization, Annotation
[J Verbalization & Articulation

[] Semantic Data Interaction

[ Ethical Assessment and Values

] Model Controlling

Model Output Representation [
Certainty, Quality & Comparison []
Features, Counterfactuals and Sensitivity [
Interpretability and Surrogates []
Guidance Methods []

Fairness and Bias Mitigation []

Robustness, Security, Compliance [

Visual Analysis Model Debugging/Reliability [

Process

Benefits for Data ( Exploration

Transformation & Normalization [

xPo’r’rerns and Trends

[ Clusters and Groups
Relations and Associations
Anomalies and Outliers
Quality, Uncertainty, Biases
Hypotheses Generation

[ Analytic Provenance

Acquisition & Integration
Cleaning & Curation

Labeling & Enrichment []

Reduction & Ex’rroc’rionx
Balancing & Debiasing [

Universitat Ziirich | Wirtschaftswissenschaftliche Fakultat

[] Model Selection & Fusion
[J Model Parameterization
[] Model Training

[] Model Evaluation

[J Model Refinement

[] Model Deployment

[] Model Monitoring

Gianfranco Kessler
mapping into the IVDA canvas
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School of
Management and Law

Connect Session: Daten entschliisseln

Daten zum Leben erwecken - Praxis-Einblick in Digital Analytics
Gianfranco Kessler

University of
Zurich™
—Wie aus Rohdaten im Web fundierte

Entscheidungen entstehen
—Data-Driven Decision-Making in der
Praxis anhand der Data Pipeline

| —
Il
S

Welcome to Digital Analytics!
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Daten zum Leben erwecken - Praxis-

(-
Einblick in Digital Analytics
— Wer binich?
— Ziel: Aufzeigen, wie aus Rohdaten im Web fundierte |

i,

Entscheidungen entstehen

— Data-Driven Decision-Making in der Praxis anhand der Data
Pipeline

Quelle: https://www.zweipunkt.com

Universitat Ziirich | Wirtschaftswissenschaftliche Fakultat

< N | .\
Datenerhebung Extract
0 in

Datentransformation

Load >

O

Datenvisualisierung

8.04.2025 | 54



Vom Klick zu Insight: Die Data Pipeline im Alltag

— Datenerhebung
— Datentransformation
— Datenvisualisierung

— Entscheidungen

Quelle: Eigene Darstellung

Universitat Ziirich | Wirtschaftswissenschaftliche Fakultat
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Datenerhebung

O 6 M

Extract

Datentransformation

Load

O

Datenvisualisierung
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Tracking - Es beginnt mit einem Klick

J, | l — Google Tag Manager: Flexible Einbindung von Events und Tags
\\ ' / — Analyse der Webseite, Erfassung der Key Events

GRS
- /f — Erstellung eines Tracking Konzepts
Y/> |:||:||:| — Aufsetzen der Tracking Tags

CONCEPT 2L TMS rEstiNG  COLLECTION — Setup Testing
LAYER  CONFIGURATION 2 ACTIVATION

| T |

( o' .\ O
Datenerhebung Extract Datentransformation Load Datenvisualisierung
f, in|

Quelle: https://www.zweipunkt.com
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Tracking - Es beginnt mit einem Klick

€ Google Tag Manager — Google Tag Manager: Flexible Einbindung von Events und Tags

¢ € TogManager . . | Q Sewchwonspece

o v i e W G 2 — Analyse der Webseite, Erfassung der Key Events

(@ 1 temglate update avadable:

== U — Erstellung eines Tracking Konzepts

- Overview

o : — — Aufsetzen der Tracking Tags

- Variables

- Foldens

N A — Seitenaufrufe
— Scroll-Tiefe
— Button-Klicks

— Ecommerce Events

— Setup Testing

G
© Jd A O
Datenerhebung Extract Datentransformation Load Datenvisualisierung
f, in|

Quelle: https://www.zweipunkt.com
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Tracking - Es beginnt mit einem Klick

A Google Analytics — Google Tag Manager: Flexible Einbindung von Events und Tags

Q Try searching "MoM growth In users for each devica type”

— Google Analytics 4: Nutzerkonzentriertes Tracking

— Detaillierte Web Analyse

— Customer Journeys

— Marketing Plattformen: Conversion-Tracking fur gezielte
Marketingkampagnen

— Kampagnenperformance tracken

— Target Audiences erstellen

— Gezielte Kampagnenoptimierungen

G
© Jd A O
Datenerhebung Extract Datentransformation Load Datenvisualisierung
f, in|

Quelle: https://www.zweipunkt.com
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Vom Chaos zur Struktur: BigQuery

— Daten landen roh und voraggregiert in BigQuery
— SQL-basierte Transformation, Segmentierung, Aufbereitung

— Skalierbar & flexibel, geeignet flir grosse Datenmengen

Quelle: https://www.zweipunkt.com

Universitat Ziirich | Wirtschaftswissenschaftliche Fakultat

e Google BigQuery

° .ll .\
Datenerhebung
f) in]

Extract

Datentransformation

Load

Datenvisualisierung
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ML-gestiitzte Kaufwahrscheinlichkeit -
automatisiert & ruickfiuihrbar

— ML-Modelle in BigQuery berechnen Lead-Scores
(Kaufwahrscheinlichkeit)

— RegelmaRige automatische Modellanpassung basierend auf
neuen Daten

— Scores werden an Plattformen wie GA4 & Google Ads
zurlickgespielt

— Ziel: Relevantere Kampagnen & personalisierte Nutzeransprache

N

G
‘ -' .\ o
Datenerhebung Extrac Datentransformation Load Datenvisualisierung
(£ in

t
Quelle: https://apacentrepreneur.com/ \J

Universitat Ziirich | Wirtschaftswissenschaftliche Fakultat
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Looker Studio: Dashboards fiir alle

O Looker — Interaktive Dashboards: Filter, Drill-Downs, Zeitvergleiche
— Automatisierung von Reports flir Teams

— Fokus auf Self-Service Bl fiir schnellere Entscheidungen

D 1 4.4 1
_‘" Engagement | to what extent tf
68,338 =
083
( n' .\ O
Datenerhebung Datentransformation Load Datenvisualisierung

Quelle: https://www.zweipunkt.com

Universitat Ziirich | Wirtschaftswissenschaftliche Fakultat 8.04.2025 | 61



Fazit: Datenanalyse in echt

— Jede gute Entscheidung beginnt mit einem Klick

— Datenanalyse ist kein Selbstzweck, es geht darum Menschen zu
befahigen, bessere Entscheidungen zu treffen

— Praxis braucht Tools, aber auch Menschen mit Datenverstandnis /\/Q\, p

_

S

Tools:

Google Tag Manager
Google Analytics

Marketingplattformen - Google Ads, Facebook Ads, TikTok Ads,
LinkedIn Ads

Google BigQuery
Google Looker Studio

Quelle: https://www.zweipunkt.com
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CURRENT WORKSPACE [ [ ]
s> 1 -« Google Tag Manager Beispiel
nalyti add_to_cart minutes age

o — Tags

E — Plattformen: Google Analytics, Google Ads, ...
= e — Triggers
— Events: Seitenaufruf, Produktansicht, Checkout, Kauf, ...
| — Variablen

— User-Parameter: User-ID, Browser, Land, ...
— Produkt-Parameter: Produktname, Marke, Preis, ...
— Seiten-Parameter: Seitenname, URL, Seitenkategorie, ...

— Event-Parameter: Eventname, Eventkategorie, ...
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Al Analytics
@ Home
(© Realtime
LIFE CYCLE

>+ Acquisition

£® Engagement

& Monetization
» ¢ Retention

USER

& Demographics

L0 Tech
EVENTS

R cConversions
®  Events

EXPLORE

[§ Analysis
CONFIGURE

A= Audiences

A Custom
definitions

¥ DebugView

All accounts »

Realtime overview

@) Aiusers | Add comparison +

USERS IN LAST 30 MINUTES

USERS PER MINUTE
L

DEVICE CATEGORY IN LAST 30 MINUTES

® DESKTOP ® MOBILE TABLET

88.0% 9.4% 2.6%

Users by User source ~

#1 (direct)

19

CLEt lII__l__IIIIIIIIIIIIIIIIIII_II
USER SOURCE USERS
(direct) 19
google 10
(data deleted) [
mall.googleplex.com 4
creatoracademy.youtube.com 1

1-50f5 { >
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Q, Try searching "how many users last month vs last year" = 0 : a

View a snapshot of a random user's activity
stream

Map data ©2021  Terms of Use

Users ¥ by Audience

#1 AllUsers

17

100 thanilileltatlalies
AUDIENCE USERS
All Users 17
Recently active users 102
Engaged Users 66
Added to cart & no purchase 19
Campus Collect...egory Viewers 15
Purchasers 8

160f8 ¢ >

Google Analytics 4

— Echtzeitdaten

— Traffic-Akquise

— User-Engagement
— Ecommerce

— Demographie

— Technische Insights

— Conversions & Events
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Google Looker Studio

— Filter & Interaktion
— Visualisierungstypen

— Datenquellen

Verschiedene Beispiele flir Dashboards:

— Traffic overview
— Cross-Channel Campaign Reporting
— User Journey

— Purchase Funnel
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