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Digital technologies create an ever-increasing volumne of digital traces.

Multiple events can be related by time,

Oy, . | M
“—_ITI_—J causality, abstraction, or other relationships
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Information Systems, Sensors
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Event Sequence
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R IBM acquires Italy’s myinvenio to
Celomb Ralses $1 Billion At $11 integrate process mining directly into

Billion Valuation, Making It

its suite of automation tools

Ingrid Lunden @ingridiunden / 2:03 PM GMT+2 » April 15, 2021 l__‘i Comment

New York’s —And Germany’s
— Most Valuable Startup

Appian acquires process mining company Lana

Kyle Wiggers @Kyle.

INSIGHTS

SAP to acquire Business Process Microsoft acquires process mining
. . . vendor Minit to grow its automation
automation startup Signavio for a

reported US$1.2 billion '

mStrth /G)Th 28 Jan 2021
Insights > SAP to acquire Bus s Pro l mation startup Signavio for a reported US$1.2 billion

] comment

US giant Salesforce partners with software startup
Apromore after $15.3m capital raise

By Nick Nichols 6 December 2022
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» Gartner published a market
guide for process mining in
2018

 Inaugural publication of a
Magic Quadrant for Process
Mining tools in 2023

ABILITY TO EXECUTE

Magic Quadrant for Process Mining Tools

@ Celonis
Software AG
UiPath (@) ®
@ SAP Signavio
IBM (Cognitive Technology). @ MEHRWERK
‘ B @ /BBYY

Microsoft (Minit) @ @ Apromore

Appian (Lana-abs) @ @ QPR Software

StereoLOGIC @ ® @ BusinessOptix

Pegasystems (Everflow)
Fluxicon O
COMPLETENESS OF VISION As of January 2023 © Gartner, Inc
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Connecting BPM with Data

,Process mining software can help
organizations easily capture information
from enterprise transaction systems
and provides detailed — and data-
driven — information about how key
processes are performing.”

Creation of «current state»
processes

Source: Davenport and Spanyi, What Process Mining Is, and Why Companies Should Do It
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Process Mining: The Big Picture

information JJ
systems

extract /\
rocess

P align conformance predictions
models replay performance apply + improvements
o diagnostics compare g A\—
event ﬁ Oy ‘3—@
data dlscover == * o
explore select
filter

‘ﬁh‘? '
show
clean mterpret
drill down

= 4 transform

Source: van der Aalst & Carmona: Process Mining Handbook
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Event Data: The Starting Point for Process Mining

Case Activity Start Date End Date

Case 17 |Inbound Call 04.03.2010 07:35| 04.03.2010 07:46
Case 17 |Handle Case 04.03.2010 07:53) 04.03.2010 07:55
Case 17 |Handle Case 08.03.2010 11:16| 08.03.2010 11:18

An event log contains traces
Each trace is a sequence of events
belonging to the same case

Traces of Case 1, 17 and 19

D" D T ) odens )
P A
D o ) e )

Handle
Case

Inbound
Call

Inbound
Call

2
>

>

Handle
Case

Handle
Case

Inbound
Email

Inbound
Email

NN

Case 17 |Handle Case 11.03.2010 11:15] 11.03.2010 11:19
Case 1 (CallOubound | 11.032010 11:45| 11.03.2010 11:52
Case 19 |Inbound Email 14.03.2010 14:08| 18.03.2010 08:04
Case 17 |Inbound Call 14.03.2010 17:53| 14.03.2010 17:56
Case 19 |Inbound Email 18.03.2010 08:06| 18.
Case 19 |Handle Case 18.03.2010 08:07| 18.
Case 19 |Handle Case 18.03.2010 08:09 18.

Case ID, activity and at least one timestamp
per event are the minimum requirements for an

event log
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| Event Data for Studying Continuous Change

Process Science:
The Interdisciplinary Study of

Continuous Change “Process science is the interdisciplinary

Jan vom Brocke Wil M.P. van der Aalst Thomas Grisold "
University of Liechienstein RWTH Aachen University of Liechtenstein S tu O Con tln uo S C a n e
@unili wydaalst h-aschen.de i @unili l I
"
Waldemar Kremser Jan Mendling Brian Jan Recker
Radboud University Humboldt University Michigan Jniversity University of Hamburg
wkremser unl jan.mendling@hu-berlinde Pentlands msued christof.recker@uni-

- = process, we mean a coherent series of
e o e changes that unfold over time and
occur at multiple levels.”

Abstract 1. Introduction

Digital trace data offer new opportunities to study how phenomena
evolve in terms of underlying sequences of events.

vom Brocke et al., Process Science: The Interdisciplinary Study of Continuous Change
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Discovery

Process Science Activities

Goal. Capture and
describe processes.

Example. Methods to
create process
representations from
digital trace data and to
identify patterns in
processes.

Methods

Explanation

Goal. Understand why,
how and when a process
unfolds.

Example. Methods to
study the context in which
a pattern is situated.

Goal. Intervene and shape
the process into desired
directions.

Example. Methods to
develop and evaluate
interventions.
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Environment
Sensor
&7 Multi-propesehg §tatisn
) S -- Wbo (TR 4

¥ 7 ’
IndusksetOven M Milling

® o= 5
m > - Ty
e g [
o wmem 272558
L ’ 2323637
L >
’“'__L,_ p = F— 5
SortingLines, = - (I Fncasein | s ce i
SLD E
o > %
b
ad [
B - Anatysis Mode (aatmap ang Overi @ ® &
e o o ety
o
o =
L n|

The Process of Storage and
Production in a Smart Factory

The Process of Model

array.add(r);
Object e = new Triangle();

Comprehension / e R )

array.add(e);

Prog ram for(int i=0; i<array.size(); i = next(i,array)){

Graphics.draw(array.get(i));

Comprehension )
23 public static int next(int i, List<Object> array) {

Phlebotomy: The Process of o TREras ettt nstancest nectangten reburs 1m0

26 return i-1;

Drawing Blood n
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Selection of Data Sources, Data Collection, and Event Log Generation

Process Discovery and Exploration Conformance Checking

Create ,Current State” Process Representations, Mine o
Behavior Pattern, Visualize Event Sequences Process Monitoring

Linking Data Sources and Contextualizing Events and Patterns
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Selection of Data Sources, Data Collection, and Event Log Generation

Process Discovery Conformance Checking
Create ,Current State” Process Representations, Mine o
Behavior Pattern, Visualize Event Sequences Process Monitoring

Linking Data Sources and Contextualizing Events and Patterns

Interpretable (Bio-)Feedback, (Neuro-)Adaptive Software Systems
Data-driven Tool Development
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Example event from factory: Smart Factory equipped with sensors
Tonic: FTEacton/HBW 1 Sensors: and actuators emitting events

opic: actory B . : o
{ "id": "FTFactory/HBW_1", "timestamp": "2020- S_VVItCheS . Environment S
12-11 13:35:35.50", "i1_light_barrier_interrupted": ° nght barriers = " % \ i
false, "i2_light_barrier_interrupted": true, R T e e L
"i3_light_barrier_interrupted": true, CO|(?I" Sensors " |c{u.n.f«ea.*o\,enwg : ;Vllilli:g
"i4_light_barrier_interrupted": false, . Environment ' :

"i5_position_switch_pressed": true,
"i6_position_switch_pressed": true, * Camera
"i7_position_switch_pressed": false, e NFC
"i8_position_switch_pressed": true, "m1_speed": 0,

"m2_speed": 0, "m3 _speed": 0, "m4_speed": 0,

"current_state": "ready", "current_task": ", Actuators:
"current_task_elapsed_seconds_since_start": 0,
"current_sub_task": ", "failure_label"; ", * Motors .
"current_pos_x": 0, "current_pos_y": 0, ° Compressors e
"target_pos_x": 0, "target_pos_y": 0, / e he AT ey B0
"amount_of_stored_workpieces": 0}  Valves / i
Smart Factory @ UNISG |
Low High

Source: R. Seiger, L. Malburg, B. Weber, R. Bergmann, Integrating process management and event processing in smart factories: A systems architecture and use cases.
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Process is largely manual,
no events since most parts
performed outside of any IT

system

Low

Process Observability Largely Differs

Navigation, scrolling and zooming

events during model comprehension

(depending on tool); large parts of the
process occur in the reader’s mind

Tool interaction events during
analysis (depending on the tool);
large parts of the process occur in
the analyst’s mind

- e ope=

Sensors and
actuators emitting
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E - | Navigation, scrolling and zooming

B | | events during model comprehension
o (B ‘g (denendina nn tnnl): larne narte nf the

Usage of sensors and additional forms of

Process is largely n ] ] 'nsors and
no events since mo data collection to increase process tuators emitting
performed outside o ob servability. ents

system

Low High
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=, — ~*] Navigation, scrolling and zooming
7;;%7 B | | events during model comprehension Eye-tracker »
ﬂg F{ (depending on tool); large parts of the \_’
= HD*H@D%I B process occur in the reader’s mind Galvanic Skin Response
Tool interaction events during

, analysis (depending on the tool);
Process is largely manual, large parts of the process occur in Sensors and

no events since most parts the analyst’s mind actuators emitting

performed outside of any IT “ema events

system Application logs B
(where available) ¥

Screen recordings

P = Multiple Sensors 5 to derive user interactions
<~ K Proximity sensor:(‘.l.’z, B e Think-aloud data

* Presence sensor
@
- Pressure sensor \
« Touch sensor @
* Flow sensor 't:

Retrospective Interviews
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« Data collection needs to be carefully planned to enable the linking
of the collected data with the different elements of the process

— Collecting data in a process context

— Synchronized data collection

Leveraging Digital Trace Data to Investigate and Support Human-Centered Work Processes, ICEIS/ENASE Keynote on April 25t 2023, Prague, Czech Republic



;EU_ e Process-driven Execution and
| Collection of loT Data in Context

Top down

P IRB2600 Door to Scanner

'RBZGOO Scan Gripper * loT data is collected during process

RB2600 Soanner to Door execution and gets embedded in the

2600 Door o Portal broader process context

IRBR600 To Tray Open

() Explicit collection of sensor ~ *  This results in loT-enriched event logs
data in dedicated activities which associate sensor data with the

-> direct correlation with
process execution

D0 ( l

corresponding process execution events

Source: Mangler et al., DataStream XES Extension: Embedding loT Sensor Data into Extensible Event Stream Logs
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;E o Automated Mapping of Attentional Processes to
e Software Design Artifacts

Eye-tracker ’/‘
L] S 1/ [ ]
l Data collection 0 [O“-F

« Gaze events are automatically mapped
during data collection to the elements of
the software design artifact (here
process model)

Timestamp: 15140
Id: 3
Element: Gateway G

Timestamp: 15140

ment: Actity A ~. L=« This results in an enriched log of gaze
EEEn=a=3 events which associates gaze data with
the corresponding elements of the
artifact

Automated mapping of gazes to elements
of the artifact

Source: Prototype developed by Amine Abbad Andaloussi
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Collecting data in a process context is not always feasible.

If collected in a synchronized manner, links between different modalities can be
established at later stages, e.g., using timestamps.

.
|
B
o
°
|

Toe |g

,,m Think-Aloud Data

© P27: 1 would like to see, using this one. | will explore a little more the statistics.
And then we have another insight here. The TotalPaymentAmount, | would like to see that one. And actually, it's
TotalPaymentAmount, the cumulative amount paid by the offender, it's always initialized to zero. Well, we have an
opportunity. It's always initialized to zero. Ok. The amount paid by the offender in one transaction. This one is

‘ interesting.

2021-05-06T19:34:45.0744536+02:00: Adding buffer to output stream.

2021-05-06T19:34:45.0899984+02:00: Saved graph to disk in 15 millis

2021-05-06T719:34:45.9960234+02:00: (Showing log explorer view for Road_Traffic_Fine_Management_Process
2021-05-06T19:34:50.1055319+02:00: (Showing variant Variant 1)

2021-05-06719:37:49,2463633+02:00: (Showing map view for Road Traffic Fine Management Process)
E;(:reaear] F?GB(:()F(ﬂif]g; |2021-05-06T19:37:59.6212506+02:06t (Showing statistics view for Road_Traffic_Fine_Management_Process)

Application Logs

ﬁuvuvououubi
sgreargreEzisesEeeenzzsiey ] m

v
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Process and activities Guidelines including process
|arge|y unknown; h|gh Steps; indication for hand o
flexibility and variability hygiene (business rules); Process and activities
— some flexibility and variability known; end-to-end

visibility due to process-
driven execution and

WHO guidelines

on drawing blood: data collection;
best practices in repetitive and well
phlebotomy
structured

Low High
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Process Activity / Event Detection from Sensors
Known process and activities

WHO guidelines
on drawing blood:

\
Perform Perform hand Perform ' Perform hand Perform final
preliminary h o " Moniter donor Remove needle h ¢
b i ~ operations ygiene venipuncture ygiene operataions
est practices
phlebotomy

Hospital

Complex Event
loT to detect relevant state changes

Processing queries

m BloodDrawingMa:

mestanp) ;

Activity signatures to record loT

devices readings corresponding to
events

Source: R. Seiger, M. Franceschetti, B. Weber, An Interactive Method for Detection of Process Activity Executions from loT Data
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« Each comprehension task performed by a participant (i.e., trial) is considered

a process instance
 Visits to Areas of Interest (corresponding to elements of the artifact) are used

as proxies for activities

Fixations with associated AOI
‘‘‘‘ I T N | - ‘

_ | ‘ ‘ ‘ | ‘ | | Time

AOT-simulation Graph Graph Law Graph Graph Sim_ulatior_m
Law Simulation

AOI: Graph

Event Sequence as Sequence of AOI Visits

\ I Time

Graph Graph Law Graph Graph Simulation
Law

Source: Abbad Andaloussi et al., Exploring how users engage with hybrid process artifacts based on declarative process models: a behavioral analysis based on eye-tracking and think-aloud
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Creating User Interaction Logs
From Screen Recordings

Since processes and activities are largely
unknown, decisions on what to consider as
events is left to the researcher.

I Tool Function | Tool Start End

P27 | PDF Reader |Acrobat Reader |00:04:50,3 |00:06:17,4
P27 | Case Filter Disco 00:09:38,3 [ 00:11:09,9
P27 | Statistics Disco 00:11:46,1 | 00:12:34,3
P27 | Case Filter bupaR 00:14:00,7 [ 00:15:09,9
P27 | Statistics bupaR 00:16:37,1 [ 00:16:59,8
P27 | Statistics Disco 00:16:37,1 [ 00:16:59,8

Leveraging Digital Trace Data to Investigate and Support Human-Centered Work Processes, ICEIS/ENASE Keynote on April 25t 2023, Prague, Czech Republic




o
' L] n n n
& unversieseGallen— GUiing Log Creation with Procss Knowledge

« PEM4PPM Model based on Prediction Error Minimization Theory (PEM)
« PEM4PPM activities can be used for log creation

Refine
goal

Generate Test Assess
= -l Conclude
hypotheses hypotheses results

Set goal Focus]—-[Explore

Filter Visualize Apply Visualize
Join Cluster Create analysis Mea sure
Analyze artifact Statistics
variants
Inspect Visualize
traces i
Measure

Color legend: Handle goal Create attention Create prediction Test prediction Minimize error Act

Source: P. Soffer and |. Hadar: Israel Science Foundation project under grant agreement 2005/21
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Selection of Data Sources, Data Collection, and Event Log Generation

Process Discovery and Exploration Conformance Checking

Create ,Current State” Process Representations, Mine o
Behavior Pattern, Visualize Event Sequences Process Monitoring

Linking Data Sources and Contextualizing Events and Patterns

Interpretable (Bio-)Feedback, (Neuro-)Adaptive Software Systems
Data-driven Tool Development
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B Leritie S Gl Mining User Behavior Patterns
| Example: Hybrid Process Artifacts

O o
F:0.92 F:0.93

graph
D: 6351.17 (45.24%)

19992 57 82%)

QuestionText

F:2.8
(15.01%)

D: 2232.96 (15.91%

simulation F- 0.54
) (14 31%) | D: 6553.46 (19.02%

simulation j -
)

AOI: Graph AOI: simulation

F:0.39 F:0.43

F:042° .
@3.52%) o 029 2.00%) / (2.29%) - F0-31
law text
D: 5455.17 (38.86%) D: 7983.22 (23.17%)
O (@)
(a) Municipal employees (b) Academics

Attention maps in form of Directly-Follow-Graphs comparing the
attentional processes for municipal employees and
academics. D is the mean fixation duration, and F is the mean
transition frequency between two AOls.

Source: Abbad Andaloussi et al., Exploring how users engage with hybrid process artifacts based on declarative process models: a behavioral analysis based on eye-tracking and think-aloud
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$E Universitat St.Gallen VisuaIiZing Event Sequences
Creation of Multi-Perspective Profiles

LS+ USER 2
Tool: Celonis, Expertise: Good
TASK VIEW

Artifact | 1N B

USER 2 TASK VIEW

‘‘‘‘‘‘‘‘‘‘‘ Tool Function NI AN NNV N T (10 I

RESULT VIEW
Finding © © ©
USER 3
ppppppppppp DATA VIEW
- 'oom Filtered Data
. B
- 10 20 30 time
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" Universitat St.Gallen
Focus on Subsequences of Interest

USER 1 USER 2
VIEW PROFILE TOOI: CeloniS, Expertise: GOOd ) *Motes.txt - Notepad
. File Edit Format View Help
S0 R I TASK VIEW 1. Offender is ignoring the fine and not paying
) Artifact | TASK VIEW
o
USER 2 TASK VIEW
‘‘‘‘‘‘‘‘‘‘‘ Tool Function [N HA TR N II.I’..I'
NI | N AT e DATA VIEW
RESULT VIEW o
Finding @
. Statistics || Activity Filter
ppppppppppp DATAVIEW Activities - Process View
LT T rilered beta variants [l Other Tool
P —>
0 10 Original Log Filtered Log
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Selection of Data Sources, Data Collection, and Event Log Generation

Process Discovery and Exploration Conformance Checking

Create ,Current State” Process Representations, Mine o
Behavior Pattern, Visualize Event Sequences Process Monitoring

Linking Data Sources and Contextualizing Events and Patterns

Interpretable (Bio-)Feedback, (Neuro-)Adaptive Software Systems
Data-driven Tool Development
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Monitoring for Hand Hygiene Indications

Hospital

Perform
hand
hygiene

hygiene

]
Observed execution

\ / Next activity
CEP

y
WHO guidelines v
on drawing blood:

best practices in
phlebotomy

Process description
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Perform
preliminary
operations

Perform hand
hygiene

Hospital

Perform . Perform final
h Monitor donor Remove needle .
venipuncture operations

\ 7
Observed execution ' /

~ /

CEP

WHO guidelines
on drawing blood:

best practices in
phlebotomy

Process description
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Selection of Data Sources, Data Collection, and Event Log Generation

Process Discovery and Exploration Conformance Checking

Create ,Current State” Process Representations, Mine o
Behavior Pattern, Visualize Event Sequences Process Monitoring

Linking Data Sources and Contextualizing Events and Patterns

Interpretable (Bio-)Feedback, (Neuro-)Adaptive Software Systems
Data-driven Tool Development
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Think-Aloud Data

[00:09:38,3 — 00:11:09,9]

"I'm trying to filter the Payment activity to see
all the cases that we don't have a payment.
I've tried using the filter forbidden..."

Disco bupaR

compare insights
A

A uiersiieseGalen - Providing Context to User Interaction Logs

ID | Tool Function | Tool Start End

P27 | PDF Reader |Acrobat Reader |00:04:50,3 |00:06:17,4
P27 | Case Filter Disco 00:09:38,3 [ 00:11:09,9
P27 | Statistics Disco 00:11:46,1 [ 00:12:34,3
P27 | Case Filter bupaR 00:14:00,7 [ 00:15:09,9
P27 | Statistics bupaR 00:16:37,1 [ 00:16:59,8
P27 | Statistics Disco 00:16:37,1 [ 00:16:59,8
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%R nerati seGalen Providing Context to User Interaction Logs
| Usage of Common Strategies

Process mining strategies derived from the analysis of interview data.

Understand the problem Formulate analysis questions
Understand Plan

‘,Q: &t

g
(D] |
(16 )

Classify and compare cases ~— Verify artifacts/findings
Analyze Evaluate
AR

Source: F. Zerbato, P. Soffer, B. Weber, Process Mining Practices: Evidence from Interviews.
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Think-Aloud Data

[00:09:38,3 — 00:11:09,9]
"I'm trying to filter the Payment activity to see
all the cases that we don't have a payment.

I've tried using the filter forbidden..."

A uiersiieseGalen - Providing Context to User Interaction Logs

Strategy: Verify artifacts and findings

"Often | try to combine different tools to understand for sanity
check if we have the same insights in different tools."

Interview Data

Disco bupaR compare insights
A A A
ID | Tool Function | Tool Start End
P27 | PDF Reader |Acrobat Reader |00:04:50,3 |00:06:17,4
P27 | Case Filter Disco 00:09:38,3 | 00:11:09,9
P27 | Statistics Disco 00:11:46,1 [ 00:12:34,3
P27 | Case Filter bupaR 00:14:00,7 [ 00:15:09,9
P27 | Statistics bupaR 00:16:37,1 [ 00:16:59,8
P27 | Statistics Disco 00:16:37,1 [ 00:16:59,8

Leveraging Digital Trace Data to Investigate and Support Human-Centered Work Processes, ICEIS/ENASE Keynote on April 25t 2023, Prague, Czech Republic




\;E e s Associating a User’s Cognitive and Affective
| State With a Software Design Artifact

changes user’s cognitive and affective state

XOR open gateway

Average fixation duration

Neuro-physiological measures to

continuously assess a user’s cognitive and
5 affective state (e.g., cognitive load)
\ Eye-related measures
i A
5 e :
5 : Skin-related measures [

i
= - |
5 ‘ : ]
| | ! :
] | .

reads, creates, makes sense of, validates

Heart-related measures

Which parts of the model are perceived Brain-related measures
as difficult? |

Source: Amine Abbad-Andaloussi, Thierry Sorg, Barbara Weber: Estimating Developers' Cognitive Load at a Fine-grained Level Using Eye-tracking Measures
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Selection of Data Sources, Data Collection, and Event Log Generation

Process Discovery and Exploration Conformance Checking

Create ,Current State” Process Representations, Mine o
Behavior Pattern, Visualize Event Sequences Process Monitoring

Linking Data Sources and Contextualizing Events and Patterns
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')T*\.P l"i ¥ Ti\r' j# {i ,:
W'\

Recommendation
M ,,, W
The highlighted activities seem to challange your " 'fh* ul » i
o understanding of the model. Do you want to 3) SyStem adaptS on " 'H"'
externalize the associated sub-process into a distinct the base Of the - )
1.) Biological

BPMN file? .
users Signal (e.g., EEG,
cognitive/affective pupil dilation, HRV,
Ves No — - state skin conductance)
k v ! L it is recorded from
00 T ' the user
oo ®
0=
D s
=6
abry =

2.) Biological signal is
analyzed to derive a
mental state
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Inform the agent about
nonconformance and indicate the
patint 2 correct course of action prescribed
o8 by the process description

p—

- “Perform hand hygiene after WHO guidelines

a bOdy ﬂU|d exposure riSk on drawing blood:
\ according to indicatien\#g,"/ best ractics i
e

Ve

< £ Detect nonconforming
Vesiir:zmq—b[ Monitor dcnﬂ—b[Remove needq—b[ Ps:;zgoﬁ::l be haViO r d U ri n g

process execution

Hospital
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Supporting Provenance and Data Awareness in
Exploratory Process Mining

Example of a recorded process mining analysis

Francesca Zerbatol0000-0001=7797=4602]1 ' Ay jrea Burattin[0000—0002-0837-0183]2
Hagen Viilzer[“mn‘0003_35’17_38’17]1., Paul Nelson Becker?, Elia Boscaini?, and

- — - - , . [0000—-0002—6004 - 4860] 1
Ulld |Operation 10 Fimestamp User Annotations |Goals and Hypotheses Barbara Weber! ]
R 0y |variant I:ih('l'{‘ ases, I'\"""I’- 5% ) [ LL 07/10/22 10:01:18 | filtered too much ! University of St. Gallen, St. Gallen, Switzerland
. Y % T 99 - {francesca.zerbato|hagen.voelzer |barbara.weber }Qunisg.ch
Ry - n( dhl‘h{ ] I‘l cases | 07,/10/22 10:01:50 2 Technical University of Denmark, Kgs. Lyngby, Denmark
- R 0, [vai iant ]'.ih('l'{i ASES, kl't']l. ’5% ) l L'.’ 07/10/22 10:02:03 | filtered too much Gl Reduce {5194702|5194720}@student .dtu. dk, andbur@dtu.dk
R [va [nCases() Ly #icases|07/10/22 10:02:32 complexity
0 variantFilter(cases, keep, 90% o . g 29 03 . ‘ade-off Abstract. Like other analytic fields, process mining is complex and
R - tlantFil l{ s, k I . ] l L" 07/10/22 10:03:11 ,‘.‘()Uli trade-off knowledge-intensive and, thus, requires the substantial involvement of

human analysts. The anal process unfolds into many steps, producing
multiple results and artifacts that analysts need to validate, reproduce
and potentially reuse. We propose a system supporting the validation,

reproducibility, and reuse of analysis results via analytic provenance and
N eed to data awareness. This aims at increasing the transparency and rigor of

exploratory process mining analysis as a basis for its stepwise maturation.

‘We outline the purpose of the system, describe the problems it addresses,

(1) maintain provenance information about the analysis, e st g dign g e et

(2 ) tra Ce a n a IyS i S g Oa | S a n d i n S i g htS y Igeywo.ris: lPV:(.)(:e;s I\Vrlining' . FS??YT:OIY. Analy»siS - &;}tem Eiequirements and
(3) increase data awarenesss

1 Introduction

Process mining comprises methods to analyze event data generated in infor-
mation systems during the execution of business processes. Process mining is

— LA B L L N D e o) U S A S B 113 T IO ST T T ! s« ! ne | P
— - - — . m— quickly growing in adoption, and so is its business impact [J].
R |07 |activityFilter(cases, keep, "P") L Ly 07/10,22 10:33:18 G3: Validate Like other data science disciplines, process mining requires the substantial
R |04 |activityFilter(cases, k""|'- "CC") LI! Ll.:i 07/10/22 10:33:44 | filter is correct combined filter involvement of humans, e.g., process analysts, to obtain insights from raw event
" H 5 . ) data [7]. Analysts often freely explore the data with the available tools to gain
. . : 4: Some part ially a basic understanding of what it represents, investigate different scenarios, and
R 0y |activity ] Ill('l'{l':l.\l‘.\'. remove, CC ) Ll! L“ 07/10/22 10:36:51 l;uid cases do not create hypotheses. Hypotheses can then be tested using best practices, but more
. el exploration is required if the test fails or the results are inconclusive [19]. Each
include C( oD . o . :
insight that emerges during the analysis informs which subsequent analysis steps
& R Show results to business stakeholders and auditors G4: Storytelling are chosen. On the one hand, the choices made during the analysis yield many
—t - — _— possible reasonable results that need to be assessed. On the other hand, such
- 05 |activit _\'l‘ Ill('l'{(':lhl‘n‘. remove, "P' ) L;; LlE 14/10/22 08:33:17 lorder of filters o choices might give rise to potential inconsistencies in the analysis process [11].
— ] activitvFilter (cases. keen. "CC™) i 7, 14/10/22 08-33:46 | checked G5: Internal auditing Due to its knowledge-intensive character and emergent course of action, an
04 jactivityr iiter {{ ases, xeep, ) 15 16 3 0/22 08:33:46 | checkex exploratory analysis includes many manual and error-prone steps that are often

Source: Francesca Zerbato, Andrea Burattin, Hagen Vélzer, Paul Nelson Becker, Elia Boscaini, Barbara Weber: Supporting Provenance and Data Awareness in Exploratory Process Mining.
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« Consider leveraging digital trace data beyond traditional business
processes

« Carefully planning data collection pays off!

« Going beyond traditional business processes offers great
opportunities but brings challenges in terms of process
observability, event correlation, and event abstraction

Leveraging Digital Trace Data to Investigate and Support Human-Centered Work Processes, ICEIS/ENASE Keynote on April 25t 2023, Prague, Czech Republic
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« Digital traces come in many flavors as do the underlying processes

« It pays off to carefully plan data collection including the selection of data
sources and to collect data to ensure that the different process elements can be
linked with the collected data

« The extent to which process knoweldge is available largely influences event log
generation as well as subsequent analysis

« Digital traces can be leveraged to discover so far unknown unknowns, to test
known knowns and monitor known unknowns

* Huge potential of multi-modal data and contextualization of events to support
the identification of root causes.

« Digital traces can be used for interpretable feedback, the development of
adaptive systems and are an important source for data-driven tool
development
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Process Science Activities

Phase ___|Goal ________|Exemplary Methods

Discovery Capturing and
describing processes

Explanation  Understanding, why,
how and when a
process unfolds

Intervention Intervening and shaping
the process into desired
directions

Techniques such as processes mining, to create
representations of processes using digital event data;
event-based architectures to organize data collection as
well as computational methods to analyze the data and to
identify patterns in processes

Methods supporting sense-making around processes in a
specific context, e.g., qualitative empirical research to study
the context in which a pattern is situated. Leads to
propositions or entire theories on cause effect relationships
embedded in a situational context

Methods to develop and evaluate interventions to
processes. Applying, e.g., design-oriented research (aka
engineering research), developing interventions based on
explanatory research and evaluating effects of such
interventions in process event data.

vom Brocke et al., Process Science: The Interdisciplinary Study of Continuous Change
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Selection of Data Sources, Data Collection, and Event Log Generation

Process Discovery Conformance Checking

Create ,Current State® Process Representations, Mine
Behavior Pattern, Visualize Event Sequences, Create Process Monitoring
Augmented Representations

Linking Data Sources and Contextualizing Events and Patterns
(Supporting the identification of root-causes)

Interpretable (Bio-)Feedback, (Neuro-)Adaptive Software Systems
Data-driven Tool Development
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Selection of Data Sources, Data Collection, and Event Log Generation

Process Discovery Conformance Checking
(Exploring the unknown unknown) (Testing the known known)
Create ,Current State“ Process Representations, Mine o
Behavior Pattern, Visualize Event Sequences, Create F’rqcess Monitoring
Augmented Representations (Monitoring the known unknown)

Linking Data Sources and Contextualizing Events and Patterns
(Supporting the identification of root-causes)

Interpretable (Bio-)Feedback, (Neuro-)Adaptive Software Systems
Data-driven Tool Development
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\;E o Automated Mapping of Attentional Processes to
e Software Design Artifacts

Eye-tracker v
, 0 S O
Data collection 0 0o
Iysis Mode m y @ @ L
3 Timestamp: 15140 e
; d: 3 ik
! Element: Gateway G . 8 g
| i 1 : oo
: _ | Analysis 0
Timestamp: 15140 : | — .
Id: 1 | ’ e |
Element: Activity A = : N % 1
Automated mapping of gazes to process Instantaneous calculation of AOI-based measures
model elements; each element is and generation of heatmaps
considered as Area of Interest (AOI) (without the need to manually define AQOIs)

Source: Prototype developed by Amine Abbad Andaloussi
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Creating User Interaction Logs
From Screen Recordings

ID | Tool Function | Tool Start End

P27 | PDF Reader |Acrobat Reader |00:04:50,3 |00:06:17,4
P27 | Case Filter Disco 00:09:38,3 [ 00:11:09,9
P27 | Statistics Disco 00:11:46,1 [ 00:12:34,3
P27 | Case Filter bupaR 00:14:00,7 | 00:15:09,9
P27 | Statistics bupaR 00:11:46,1 | 00:12:34,3
P27 | Statistics Disco 00:11:46,1 [ 00:12:34,3
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Highlights of the mentally demanding parts of code
to faciliate code review

2.) Biological i
signal is 2
analyzed to 3.) System s

45
derive a mental adapts on the g
state

base of the user's jg

cognitive/affective 49
state =
52
53
54
55
56
57
58
59
60
61
1§§§€, 62
63
64
1.) Biological Signal 85
(e.g., EEG, pupil dilation, 67
HRV, skin conductance) -

is recorded from the user g

72
73
74
75

M A he i, i
M ' Q j ﬁj-.r‘ y 78
A N w"”\‘W AT

ML

79

public static ApplicationController instance() {
return controller;
}

VeSS
* Private class constructor. Access the application controller through the
* {@link #instance()} method.
*/
private ApplicationController() {
// creates the master configuration
configuration = UIConfiguration.master();

// creates the panels

mainPage = new MainPage(configuration.getChild(MainPage.
class.getCanonicalName()));

loadProcessPage = new LoadProcessPage(configuration.
getChild(LoadProcessPage.class
.getCanonicalName()));

waitingPage = new WaitingPage(configuration.
getChild(wWaitingPage.class.getCanonicalName()));

// creates the main frame
mainFrame = new MainFrame(this);
mainFrame.addPage(mainPage) ;
mainFrame.addPage( loadProcessPage);
mainFrame.addPage(waitingPage);

// creates children controllers

logsController = new LogController(this);
modelController = new ProcessController(this);
consoleController = new ConsoleController(this);

// initialization logging

Logger.instance().debug("Application started!");

Logger.instance().debug("You have " + CPUUtils.
CPUAvailable() + " CPU(s) available");
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\;E e s Associating a User’s Cognitive and Affective
| State With a Software Design Artifact

changes user’s cognitive and affective state

T

8 public static void main(String[] args) {

Neuro-physiological measures to :
continuously assess a user’s cognitive and :

9 List<Object> array = new ArrayList<Object>();

10 .

11 Object r = new Rectangle();

12 array.add(r); - . R

S Gbgect e - new TriangleO; : affective state (e.g., cognitive load)
14 Object s = new Circle(); .

15 array.add(s); H

16 array.add(e); :

n7 H

18 for(int i=0; i<array.size(); i = next(i,array)){ .

19 Graphics.draw(array.get(i)); Ey - I d

o : 5 e-related measures
21 } :

p2 : )

23 public static int next(int i, List<Object> array) { H b

24 if(array.get(i) instanceof Triangle) return array.size(); H i i )

25 else if(array.get(i) instanceof Rectangle) return i+2; o - .

26 5 Skin-related measures

R7 } : [ ]

reads, creates, makes sense of, validates

Heart-related measures

Which parts of the code are perceived Brain-related measures
as difficult by the developer? :

Source: Amine Abbad-Andaloussi, Thierry Sorg, Barbara Weber: Estimating Developers' Cognitive Load at a Fine-grained Level Using Eye-tracking Measures
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Eye-tracking Metrics

@ BPM Eye Mind — S =
i Heatmap and Overlays & o @& -
Analysis Mode p y: @ 9 @® @
Transport bpmn X

L]
[]

mp=

] 4]
]

Iterative loop

4 )

Verify-order.bpmn XOR open gateway T ;
] I

Total fixation duration 2532 ms ' Orver ooc I :

Average fixation duration 350 ms I |

Fixation count 40 I |

Every 3 hours, % 1 )

T el 1 ( ‘@" [Fransport to next destination

Average saccadic amplitude 0.19 - I |
|

Number of pupil peaks 30 I :

Average pupil peaks amplitude ~ 5.15 I |
|

- ; | |

o H T |

ﬂ:l . %Getnm ﬁmﬁnemed & Prepgre I rmine
i’ t
S| vt e ona %] crns o, | o] e
L I éR iste
I " it egister
/{ | freeE Gl Inform cusf|
False @ N delivered

] |
Process structure is |

exploited to dynamically
create AOIs with ;] [
projections of behavioral o |

@ 5
and physiological ®
measures

Decrease cooling event

'
I

I

@ !

Decrease ]

cooling \

Publish sensor | |

I

I

tracking data

50 O—

Source: Prototype developed by Amine Abbad Andaloussi
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%2 et sucal Process Mining: At the Intersection of Data
| and Process Science

Traditionally, not
data-driven and
focusses on
modeling
(languages) and
automation.

Simulation
Operations research

Workflow management

Concurrency theory

Business process
management

Process
science

. Operations management
Traditionally,

not process-
centric and
focusses on
specific tasks
or decisions

Industrial engineering

Process modeling

Planning and control

Source: van der Aalst & Carmona: Process Mining Handbook
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supports/
controls

3 main types of process
mining:

« discovery,
wemsss.  * conformance and

messages,

WOI’|d business

processes
people  machines
components

organizations

software

system

models specifies transactions, * enhancement
analyzes _conflgures etc.
implements
analyzes
<+
discovery
(process) | &= - event
model conformance logs
enhancement

Source: van der Aalst et al.: Process Mining Manifesto
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Sources for Process Mining
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SAPd

ORACLE—

salesforce

Other data sources or
flat files (e.g., *.csv)

Data Processing
(Transformation)

Event log
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loT is an increasingly important event source in areas like security,
manufacturing, healthcare and transport

envronment - et g I Sensors: Example event from factory:
iy aN e « Switches Topic: FTFactory/HBW_1
u e &; M“'“_”_mf%f”ﬁggt"‘* . Liahtb . { "id": "FTFactory/HBW_1", "timestamp": "2020-
( I ight barriers 12-11 13:35:35.50", "i1_light_barrier_interrupted":
: i « Color sensors false, "i2_light_barrier_interrupted": true,
. "i3_light_barrier_interrupted": true,
« Environment "i4_light_barrier_interrupted": false,
e Camera "i5_position_switch_pressed": true,
"i6_position_switch_pressed": true,
¢ N FC "i7_position_switch_pressed": false,
=Rz "i8_position_switch_pressed": true, "m1_speed": 0,
Softip'gline,,l,;, "m2_speed™: 0, "m3_speed™: 0, "m4_speed": 0,
S Actuators: "current_state": "ready”, "current_task": ",
"current_task_elapsed_seconds_since_start": 0,
TR ) * Motors "current_sub_task": ", "failure_label": "",
Delivery & Pickup o/ ° Compressors "current_pos_x": 0, "current_pos_y": 0,
O el EO b "target_pos_x": 0, "target_pos_y": 0,
| L « Valves "amount_of_stored_workpieces": 0}
Smart Factory @ ICS Event Producers
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E - | Navigation, scrolling and zooming
75’7 T | during model comprehension (depending
J.# F on tool); large parts of the process occur in
L —— the reader’s mind

b Tool interactions during analysis
(depending on the tool); large
Process is largelv manual: parts of the process occur in the _ _
gely ual; analyst’s mind Equipped with sensors
most parts performed R R
outside of any IT system _- =
Low High
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Process Observability Largely Differs

- | Navigation, scrolling and zooming

during model comprehension (depending

220 T | .
d'{ @ A an tanl) larne narte of the nracess acetr in
1 L

Usage of sensors and additional forms of

Process is largely n
most parts perfor

outside of any IT s fidelity of data can be sources of ambiguity.

Low

data collection to increase process

observability. Incompleteness and low ~ PPed Wth sensors

] actuators

Leveraging Digital Trace Data to Investigate and Support Human-Centered Work Processes, ICEIS/ENASE Keynote on April 25t 2023, Prague, Czech Republic



v’

'E Universitat St.Gallen

Observability
A Challenge for Human-centered Work Procesess

« Characteristics of human-centered work processes

Often include manual steps which do not leave traces in any IT system
Highly flexible resulting into numerous variants
Steps that only happen in the minds of users

« Observability of process steps as pre-condition for event log generation

Tracking of interactions (with digital or physical objects)
Recording of verbal utterances

Video recordings

Measurement of of brain and autonomous nervous system activity

Not always obvious what to log

Leveraging Digital Trace Data to Investigate and Support Human-Centered Work Processes, ICEIS/ENASE Keynote on April 25t 2023, Prague, Czech Republic
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loT is an increasingly important event source in areas like security,
manufacturing, healthcare and transport

Environment Pt v Sensors: Example event from factory:
iy aN e « Switches Topic: FTFactory/HBW_1
B e e , : { "id": "FTFactory/HBW_1", "timestamp": "2020-
e, B " * Light barriers 12-11 13:35:35.50", "i1_light_barrier_interrupted":
: B « Color sensors false, "i2_light_barrier_interrupted": true,
* Environment
« Camera
* NFC
b d" 0,
Softing Line. <4 - =, = =0, = 10,
S Actuators: "current_state": "ready”, "current_task": ",
. "current_task elapsed_seconds_since_start": 0,
Motors "current_sub_task": ", "failure_label": "",
o Compressors "current_pos_x": 0, "current_pos_y": 0,
; ' "target_pos_x": 0, "target_pos_y": 0,
/ « Valves "amount_of_stored_workpieces": 0}
Smart Factory @ ICS Event Producers
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§ S e s s ) s s en s Drocass Awareness of loT Data
« Starting point is a set of loT data

A\ Gl ‘ i\ i, from sensors and actuators of
TR TR\ O

0 10 CPS components

- _ « Contextualization of sensor
e s g el events in the context of process
z - executions, i.e., association of

sensor events with concrete
activity executions within a
Event sequences of all sensors and o .
actuators of smart factory SpeCIfIC process instance

Source: An Interactive Method for Detection of
Process Activity Executions from loT Data

Bottom up
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Process and activities Guidelines including process
largely unknown; high steps; indication for hand Process and activities

known, but not explicit;
end-to-end visibility
lacking; repetitive and
well structured

flexibility and variability hygiene (business rules);
— some flexibility and variability

PR .

WHO guidelines
on drawing blood:

best practices in
phlebotomy

an

Low High
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YA Universitt St Gallen Availability of Process Knowledge
Process and activities Guidelines including process
largely unknown; high steps; indication for hand Process and activities

known, but not explicit;
end-to-end visibility
lacking; repetitive and
well structured

flexibility and variability hygiene (business rules);
= ‘ - some flexibility and variability

e [

WHO guidelines
on drawing blood:

best practices in
phlebotomy

an

Low High
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;EU_ e Process-driven Execution and
| Collection of loT Data in Context

Top down

P IRB2600 Door to Scanner

* loT data is collected during process
execution and gets embedded in the

IRB?_GOO Scan Gripper
broader process context

’ RB2600 Scanner to Door

P RB2600 Door to Portal
™\

 This results in loT-enriched event logs
IRBR600 To Tray Open

. . which associate sensor data with the
() Explicit collection of sensor

data in dedicated activities corresponding process execution events
-> direct correlation with
process execution « Allows to calculate loT-based metrics for
0 Rl | different process elements and c_:reate
Sy A I augmented process representations
- | W
UM LW
Y timé Source: DataStream XES Extension: Embedding loT Sensor Data into Extensible Event Stream Logs
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B st seal Tracking Humans Engaging with
| Software Design Artifacts

Tracking Humans Engaging with Static Tracking Humans Engaging with

Software Design Artifacts Interactive Software Design Artifacts

Examples: Fixed screen, images Examples: Videos, large software

design artifact which require zooming

and scrolling, software products with
multiple files

_AOI: Graph ~~AOI-gimulation

AOI: law text T SR e O

Modeling specialists versus domain

experts using hybrid artifacts in the

context of different comprehension
tasks
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Central goal is to gain a comprehensive understanding of
the “process of process mining”

* Concrete outcomes:

— frequent patterns of
effective and
noneffective behavior

— analysis profiles

— common analysis
strategies

— typical challenges

§ =

End-user

Guidelines

Interaction with

Process Mining
W
Recommendations

and

ProMiSE: Process Mining Support for End-Users

ENSNF

FONDS NATIONAL SUISSE
DE LA RECHERCHE SCIENTIFIQUE

Grant No.: 200021 197032

4 N\
( \
Interaction Process Mining / \
Trace <> | !
Recording ' 4
~ - Process Mining
e B tools
Operational
Input data
Support
pp > >
.
\_ @y

Patterns of effective an

noneffective behavior

J
J
d

Prepared Data for
Process Mining

- To develop methodological guidance and operational support to assist
novice analysts during the analysis effectively

L. Zimmermann, F. Zerbato. and B. Weber: Process Mining Challenges Perceived by Analysts: An Interview Study. BPMDS/EMMSAD@CAISE 2022: 3-17.
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\;E e Towards Online Conformance Checking with
' Ambiguities Driven by the Internet of Things

@ Tecnoldgico
de Monterrey .
Digital World Process (WP3) «——= Ambiguous Process Descriptions (\WP2

Phyiscal World  loT :
(Observed Execution)

- Process : [

o ?Iﬂ O ’.n ;—‘w\------l--r-‘-[-j-?qrp-c-)-s'-l!q-n-mg »~.  Care Routine Annotated Informal
n‘éﬁskzﬂlsﬂﬁéiucﬂﬁ;nque 2. ® NEC scanner started Descriptions |
SPIRIT project 208497

Smart tap —
. kd " Wash hands -
AN =
. . i QR code scanner Clean Checklists  Guidelines
Two application (@ = {_insruments
domalns P = Smart thermometer ¢ l $ =
. IndUStry 4.0 and g B _\ Pulse sensor j Take vitals ?\\\: =,
bl " i
Industrial loT Policies Treatment Plans -
« Health care: e s R S a
. . . », e Give meds v|=
clinical guidelines < f Bt R Y j & l Feedback (WP
related to hygene =
= Indoor positioning Care Routine .

ended ra

Derived Process
loT Event Streams Event Streams
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—%Event abstraction: CORTIGUOUS Method for Mining Reading Patterns

fixations referring to the same from Eye-tracking Data
artifact (or artifact type

respectively) are grouped in an

activity
Process instance referring to solving a specific comprehension task
Process instances :::ssesrsscnnannnnnay > : :
€ Artifact type t1 Artifact type t2 A
ifact tvpe | .- i | | | - I l - i
) Artifact type - | | } ! | ! H
Activities < P Q iial a2 : a3 ad HA
R : : = - : = -+
1f itact --.- LI I l =hn
Specific artifacf ----» |—| |—| |—| | | H
FXQAtIONS serersesessrerseers ;. ' [ ' ' - HHHHH——>
HONE L AL B S T Mok A 4 oo DR A Time
Two different levels 3
of granularity. %, . 4 .
Question file for ""3,‘ Artifact a2 Artifact a3 Artifact a4 Answer file for
the comprehension task

T the comprehension task
Artifact al

Source: Mining reading patterns from eye-tracking data: method and demonstration
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Process Observability Largely Differs

- | Navigation, scrolling and zooming

during model comprehension (depending

220 T | .
d'{ @ A an tanl) larne narte of the nracess acetr in
1 L

Usage of sensors and additional forms of

Process is largely n
most parts perfor

outside of any IT s fidelity of data can be sources of ambiguity.

Low

data collection to increase process

observability. Incompleteness and low ~ PPed Wth sensors

] actuators
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tie |g

ﬁhabbunauaui

7
oD

Creating User Interaction Logs

@] P27: | would like to see, using this one. | will explore a little more the statistics.

Think-Aloud Data

And then we have another insight here. The TotalPaymentAmount, | would like to see that one. And actually, it's
TotalPaymentAmount, the cumulative amount paid by the offender, it's always initialized to zero. Well, we have an
opportunity. It's always initialized to zero. Ok. The amount paid by the offender in one transaction. This one is

interesting.

Application Logs

2021-05-06T19:34:45.0744536+02:00: Adding buffer to output stream.

2021-05-06T19:34:45.0899984+02:00: Saved graph to disk in 15 millis

2021-05-06T19:34:45.9960234+02:00: (Showing log explorer view for Road_Traffic_Fine_Management_Process
2021-05-06T19:34:50.1055319+02:00: (Showing variant Variant 1)

2021-05-06T19:37:49.2463633+02:00: (Showing map view for Road Traffic_Fine Management Process)
|2021-05—86T19:37:50.6212506+02:00|:I(Showinq statistics view for Road_Traffic_Fine_Management_Process)

ID | Tool Function | Tool Start End

P27 | PDF Reader |Acrobat Reader |00:04:50,3 |00:06:17,4
P27 | Case Filter Disco 00:09:38,3 [ 00:11:09,9
P27 | Statistics Disco 00:11:46,1 [ 00:12:34,3
P27 | Case Filter bupaR 00:14:00,7 | 00:15:09,9
P27 | Statistics bupaR 00:11:46,1 | 00:12:34,3
P27 | Statistics Disco 00:11:46,1 [ 00:12:34,3
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B i S Calln Temporal Association of Events
Providing Context to Fixations

Challenge: Synchronization of events

8 public static void main(String[] args) { c ’
9 List<Object> array = new ArrayList<Object>(); -(_%
10 =
11 Objr = new Rectangle(); :
12 array.add(m)s Q

: S
13 Object e o
14 Object s Fixation U
15 array.add X, y, start, duration ] Time (seconds)
16 array.add(s Associated
17 pupil dilation
18 for(int i=@; i<array.size(); = et (;array )t .
19 Graphics.draw(array.get Associated .
ge } GSR readings ~
21 } S 3 Original GSR Hgnal
22 3,
23 public stgti <Object> array) { (—é |
24 if(ar angle) returs array.size(); b
25 else i J 2 eturn i+2; 30 e N e M
b6 return i-1: PhasmGSRsﬁnaI

2 =
27 } Illllllllll[l“llIlllllllIJlllllllll]lllllllllll
b8 0 2 4 6 8 10 12 14 16 18
Time (seconds)

Sequence of fixations over time

Challenge: Signals differ in terms of latency
(time between stimulus and reaction)
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\;E s S Gl Automated Mapping to Software Design Artifacts:
| The Case of Process Models

Eye-tracker v
, 0 S O
Data collection 0 0o
Iysis Mode m y @ @ L
3 Timestamp: 15140 e
; d: 3 ik
! Element: Gateway G . 8 g
| i 1 : oo
: _ | Analysis 0
Timestamp: 15140 : | — .
Id: 1 | ’ o |
Element: Activity A = : N % 1
Automated mapping of gazes to process Instantanious calculation of AOI-based measures
model elements; each element is and generation of heatmaps
considered as AOI (without the need to manually define AOIs)

Source: Prototype developed by Amine Abbad Andaloussi
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VAR Universitie St Gallen Example: Hybrid Process Models

Scarf-plot showing = IIENENI AN AN ARN N AN NN = ™ g elevant

the sequences of x| NSRS 00000 O 2stmamen A of

fixations for - IR S o o o "

p a rt| Ci p ants so | Vi n g AOI_CONDITION_OFFER_DESIGNATE

a constraint task. " MU ANONAUNRONMROD O UMMMV NN T e

Relevant AOIs of the s [N 0 L [ 20 2o oo o v

DCR Graph for this | INESEINEHIT | @ 1IWE  IIW 01 0 B o e oo

tatic, o oo NSRRI N R R SR R s coomon o e e
_ - - - - n AOI_CANNOT MOVE

I I - - - AOI_INCLUDE APPROVE_DP_HIRE

[ A 0O OB O 1 OO0 01 I e e sson

I_APPROVE_DESIGNATED_PERSON

v R ] o o o

Il A01_RESPONSE_DP_APPROVAL

7> O RO O G e Iy ' v comormom oo wove
AOI EXCLUDE_ACCO_N_ACCO_N

—- | IIIIIIIIII.I-III-"-I"IllIIII"I'"II’III-I e NSRRI
AOI_CANMOVE

Source: Exploring how users engage with hybrid process artifacts based on declarative process models: a behavioral analysis based on eye-tracking and think-aloud
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VAR Universitie St Gallen Example: Hybrid Process Models

Scarf-plot showing P01-E(Ia_mple of a goal-oriented behavior (P09) Tl Ol il Task-relevant
the sequences of o2 [l )| oLsmuLamion Areas of
fixations for wos ] + P09 visited only five out of the 22 AOIs defined on the 1l ror oreen s ouns | Interest
participants solving DCR Graph and most of the fixations were on relevant AOL CONDITION_OFFER_DESIGNATE _ |

a constraint task. =il AOIs. o Bl o oot acco pans

Relevant AOls of the Pms- * P09 spent the 35.31% of the total fixation time on ”I Il A0!_EXCLUDE_APPROVAL_DP_REJECT DP

relevant AOls, while the proportion for non-relevant AOls
of the graph was 3.74%.

[ ] AOI_REJECT_DESIGNATED_PERSON
[ AOI_EXCLUDE_CAN_MOVE_PAR_45

]. [ ] AOI_EXCLUDE_HIRE_PAR45

[ AOI_CONDITION_NOT_ACCO_OFFER

. AOI:EXCLUDE_CAN_MOVE_AN_CAN_MOVE
DCR Graph for this e |[J -
ftas.k are labeled in oo [l ¥
italic.

AOI_INCLUDE_DP
~HN (NS W0 IEEL WO W OEEE | Aot cawnor wove
AOI_INCLUDE APPROVE DP_HIRE

B — L s

AO _APPROVE_DESIGNATED_PERSON

v 0 ] v oo o

[l ~01_RESPONSE_DP_APPROVAL

#1> [ RPN OO 0 sy o comormom oo v
AOI EXCLUDE_ACCO_N_ACCO_N

--I”.-I | IIII |I|IIII.|.-I’I-||-I|||III|I|||| "Illll‘l“ll e NSRRI
AOI_CANMOVE

Source: Exploring how users engage with hybrid process artifacts based on declarative process models: a behavioral analysis based on eye-tracking and think-aloud
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Scarf-plot showing oM MER 1 N [ —l Task-relevant

AOI LAWTEXT

the sequences of x| || [JINBEANRIN MU O ED 00 000N 000 O 0 00 DR e stnmon_—_ Avreas of

AOI_DESIGNATE_PERSON I nt ere St

fations for »] NN | .
pa rtiCipantS SO|Ving AOICONDITION_OFFER_DESIGNATE _ |
AOI_ACCOMODATED

a constraint task. M 00000000 0 S e v i o xcropt.aceo,panas
Relevant AOIs of the 7 [N N I B oo o s

. AOI_EXCLUDE_CAN_MOVE_AN_CAN_MOVE

DCR Graph for this | [J| Example of an exploratory strategy (P14) || ] g
task are labeled in Pos. I. [ ] AOI_EXCLUDE_HIRE_PAR45
italic. - P14 visited 16 out of 22 AOIs during the execution of the el

[] ao1_cannoT MmovE

AOI_INCLUDE APPROVE_DP_HIRE

l:' AOI_HIRE_DESIGNATED_PERSON

Bl A01_APPROVE_DESIGNATED_PERSON
AOI_MILESTONE_APPROVE_DP_HIRE
Il ~01_ReSPONSE_DP_APPROVAL

P09- task. A large amount of these fixations were on non-
e [ relevant AOls. Overall, P14 spent the 29.08% of the total
fixation time fixating relevant AOls in the graph, and the
w2 29.33% of it fixating non-relevant ones. O
- AOI_CONDITION_CANNOT_MOVE

\l
- — — AOI EXCLUDE_ACCO_N_ACCO_N

AOI_CANMOVE

Source: Exploring how users engage with hybrid process artifacts based on declarative process models: a behavioral analysis based on eye-tracking and think-aloud

Leveraging Digital Trace Data to Investigate and Support Human-Centered Work Processes, ICEIS/ENASE Keynote on April 25t 2023, Prague, Czech Republic



YR Event Log Preparation
A, Universitit St.Gallen
Extraction, correlation, and abstraction of event data

; [ |

Trace 4—-%— Case _|
e SOOI DUUIGRR f
: : Data v ivi
: : Event e e Actw@ EE
: . -/ element v execution
- Abstraction : i

: Correlation

Activity

Is Extracted From —-—> [sMappedTo —> IsPartOf —  [sinstance Of - - -» |sRepresented As ——-»

Source: Extraction, correlation, and abstraction of event data for process mining
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A 360° Overview of Process Mining

information JJ
systems

extract /\
rocess

P align conformance predictions
models replay performance apply + improvements
S— b diagnostics compare 22
event .. .- — |- i i
data dlscover -

3\
L ) ¥ 2
‘ﬁh‘? '
explore select
:ll::g:m show show l? . .
interpre
drill down

= 4 transform

Source: Process Mining Handbook
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S9SS920.1d 9AIubo)H

Explanation

Process of Process Mining

loT-enabled business processes

Leveraging Digital Trace Data to Investigate and Support Human-Centered Work Processes, ICEIS/ENASE Keynote on April 25t 2023, Prague, Czech Republic




v%
'A Universitat St.Gallen

® Task 1.1.0.md
Question Task 1.1.0:

Joe is traveling from Norreport St and his travel card has a balance of 100.

-> What does the check-in automaton display when Joe checks-in his travel card successfully at Norreport St?

3 libraries

e
target -> Once you have the answer please open "Task 1.1.1.md"
v Task 1
# Task 1.1.0.md Markdown Source Preview
% Task 1.1.1.md BTk 111md
 Task 1.20.md
@ Task 1.2.1.md Answer Task 1.1.1:
Task2 | eesccccccccccccce-
s Task 3
‘1:;l'n -> Can you explain verbally and in detail how you found your answer to "Task 1.1.0.md"?

& pomaxmi

repNameList txt -> How would you rate the difficulty of this task in the scale of
nStati 1: Very easy

2: Easy

3: Neutral

4: Difficult

5: Very difficult

When you complete your answer CLOSE ALL the tabs in the explorer

-> Continue to "Task 1.2.0.md"

In terms of process mining this boils
State-of-the art down to event abstraction

L | Requires the association of

fixations to elements of the artifact

AOI: Graph AOI: simulation

AOI: law text

Static Artifacts Dynamic Artifacts; critical to go beyond small examples and look at real systerr

Leveraging Digital Trace Data to Investigate and Support Human-Centered Work Processes, ICEIS/ENASE Keynote on April 25t 2023, Prague, Czech Republic
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YAX Universicit St.Gallen The Process: Source Code Reading

Developers answering 8 questions related to 4 tasks which require them
to use different code-related artifacts

w
—r
e { Task 1 J [ Task 2 J { Task 3 } [ Task 4 }
|_
7 N TN T
ra AN i N P 7 —
V4 N M N ¥ AW v N
oo an (oT4] eT4] (oT4] oo (oT4] [o14]
C C-E -E :-E -g :.E -E C.E -E
5 O £ § T g5 E & 3§ £ 5 8§ £ & 3§
v O O-l—" + - = +— o = - 0 =
v > an O n A8 U wn 2 U = 1 O wn
S - .% N% ., O ~N @ Cfm ~N @ D.CU ~ @
o] — 2 e — 2 = — 2 = — B =
o | - = =5 = =5 s e |

Source: Mining reading patterns from eye-tracking data: method and demonstration
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Event extraction: eye gazes from an eye-
tracker linked to the artifact are used for event
data extraction.

Collected Data (After Some Preparation)

Subject ID Artifact Timestamp (start)
SBJ1 Task 1.1.0.md 2018-09-04T13:30:03.013
SBJ1 Kiosk.java 2018-09-04T13:36:05.015
SBJ1 Kiosk.java 2018-09-04T13:36:05.161
SBJ1 TravelCard. java 2018-09-04T13:36:17.192
SBJ1 Task 1.1.1.md 2018-09-04T13:38:02.015
ESBJl _ Task 1.2.0.md _ ~2018-09-04T13:38:58.043
ye gazes are collected using an eye-tracking device and linked to the artifacts shown to the subjects

Source: Mining reading patterns from eye-tracking data: method and demonstration
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fixations referring to the same
artifact (or artifact type

respectively) are grouped in an
activity

Process instance referring to solving a specific comprehension task

Process instances ««-sssessscemsennannas > : :
€ Artifact type t1 Artifact type t2 A
Artifact type | - | | | | ' ' |
wpel - — | | | | |
Activites Q@ w a“ n
4 : : = = = = gt
Specific artifact > —— — }— . : || : Sk i
- 1 i ;:I i | l |E 1 l ||5 m 1 | l ||i e 1 ||EE
Fxations seesessesssssseseess a H—++H—+—+HH —++—+—+++—+t—t—+——+H—t+—+HHHH—1—
TYSEE I A L Y . % b NRAA 4 g9 bk A dd A Time
Two different levels 4k 3
of granularity. %, Z S
Question file for ""i,’ Artifa‘ct a2 Artifact a3 \rtifact a4 Answer file for

the comprehension task the comprehension task

Artifact al

Source: Mining reading patterns from eye-tracking data: method and demonstration
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;g Universitst St Gallen Event correlation: All fixation events between the first

fixation on a question and the first fixation on the
corresponding answer are considered to belong to the
same process instance.

Process instance referring to solving a specific comprehension task
Process instances :::ssesrsscnnannnnnay > = =
i Q Artifact type t1 Artifact type t2 A
ifact tvpe s+ i ] 1 | e 1 I . H
. Artifact type . | 1 1 | I | H
Activities =, i e = al a2 a3 ad i
4 H s = H H H =
e S s n l l ' | LI I
Specific artifact «-+-» |—| |—| |—| | |} | H
i N FP - T - - S
HE A S S A A NORAA A A b A Al A Time
::;.:: ::::‘:“'- :':;’o - “:.;:.'..: "
Question file for ":'i, Artifact a2 Artifact a3 Artifact a4 Answer file for

the comprehension task the comprehension task

Artifact al

Source: Mining reading patterns from eye-tracking data: method and demonstration
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Validate Data

— Recording referring to subjects for which irregularities during data collection were observed
were removed

Partition Data
— Map with aggregated behavior

— Split data according to certain criteria (e.g., subject properties, task properties, answer
properties)

Mine the Reading Patterns

Interpret the Results

Source: Mining reading patterns from eye-tracking data: method and demonstration
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& unesiac ssai-Ey@-Movements During Source-code Reading

Highllighis posiliaons
Cumulative duration

Fizations' positiens

0 (Al parlicipants) Fixations aver fime
-l: ' - " i i}
g | S s | 1 TR N——— S SR R
Ji ' i
II"\.jLIHI":L..I Il-r'\:.;\ Il:-.- e ] b1 . . ra 1K 125 ) 1] 249 ' | I::IU-I-I.':'\- a1 ] 185 0 02 A 0o {11} TI."L'- :"-!: 1.2 14 H L.-'
(a) (&) (c) (d)
In (a) only long fixations (above 250ms) are considered. In (b) and (d), short fixations (below 230ms)
are marked in gray while long fixations are marked in blue

_ _ _ Participant switches attention
Visual attention on line 16 between line 16 and lines 10/11
particularly high. (visual association)

Source: Towards a Fine-grained Analysis of Cognitive Load During Program Comprehension
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8 public static void main(String[] args) {

9 List<Object> array = new ArrayList<Object>();
ie
Developers Bl e e e
h2 array.add(r);
13 Object e = new Triangle();
ha Object s = new Circle();
as array.add(s);
s array.add(e); s - - o x
az — -
< . & & - . — P EE)  mo | sutsics Cases
ns for(int i=0; i<array.size(); i = next( . & o, | o | s oo O O
19 Graphics.draw(array.get(i)); - e o
2o }
£ -
22 *
. b3 public static int next(int i, List<Object> >
Software Desian e P e (array got(s) unctancest Trimmgle) ¢ > o
25 else if(array.get(i) instanceof Rectan = oo
6 return i-1; . =

o Artifact R

Source Code
Comprehension
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Questions

QUESTION

QUESTION

58

FEATURE 15
43

SOURCE CODE ANSWER
14 4

:
Feature File
° :
Feature File Source Code Feature File Step Code
+ + )
Step Code Source Code

Source: Mining reading patterns from eye-tracking data: method and demonstration
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v% Files Used for Answering Domain Understanding
'A Universitat St.Gallen .
Questions

QUESTION

Feature File
-+
Feature File Source Code Feature File Step Code
+ +
Step Code Source Code

Source: Mining reading patterns from eye-tracking data: method and demonstration
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1;: Universicic Se Gallen Artifact Types Used for Answering Code Understanding

Questions
®
17 ® ®
@
SOUR%E CODE 12 \ &AWA
ANSWER = = ] i
@
)
@ . Feature File
+
Source Code Feature File Source Code Step Code
+ + +
Step Code Step Code Source Code

Source: Mining reading patterns from eye-tracking data: method and demonstration
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 Tool for Collecting and Analyzing
« Enriched Fixation Events
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The challenge with dynamic stimuli B S—

T
Apple Mag Pro - Late
2021 %

« Dynamic stimuli require to play the gaze video
recording and manually asign/adjust areas of
interest everytime the content of the screen is
changed (e.g., with scrolling)

 Typically, manual and very time consuming
process

v

Scrolling can change the screen content within the interval of few seconds

Leveraging Digital Trace Data to Investigate and Support Human-Centered Work Processes, ICEIS/ENASE Keynote on April 25t 2023, Prague, Czech Republic



%R e sl Automated Mapping to Areas of Interest:
| The Case of Source-code

Eye-tracker
Timestamp: 15140

17€ public ResponseObject che@I it {
18 if (lcard.isChed@dInStd@s()) {
19 if (hasEnof@hBalance(card)) {
20 card.setCI.kedI.:atus(true);
21 response = new Response.ect(za, Constants.CHE‘D_IN_SUCCES .
2 ° Automated mapping between gazes and
23 InitSys@m.isl.gg@hogger() . .
24 ntotcrakin: @htonaton at * + stati@ame + " : " 4 areas of interest at the data collection
25 InitSy@em.isl.printLog();
26 countCheckIn++; Timestam | Gaze X Gaze Y Line of Column
;; } else { p Pos. Pos. code of code
29 , respon@ = new Resp@seObject (220, Constants.CHECAEBY_IN_FAILUR 1 15140 1450 60 17 30
30
31 2 15148 1430 77 18 26

1
2 betse 3 15156 1480 77 18 32
;: ) response = new Res;‘seObject(Zl@, Ccnstants.CHE.ED_IN_FAILURE_AL 4 15164 1530 86 19 25
36
37 return r@p Timestamp: 18766
38 } : . . .

Id: n Sample of gaze file with automatically mapped AOls

Sample of user’s gazes on the source-code

Source: https://www.i-trace.org

Leveraging Digital Trace Data to Investigate and Support Human-Centered Work Processes, ICEIS/ENASE Keynote on April 25t 2023, Prague, Czech Republic



o . .
& unesiac ssai-Ey@-Movements During Source-code Reading

Highllighis posiliaons
Cumulative duration

Fizations' positiens

0 (Al parlicipants) Fixations aver fime
-l: ' - " i i}
g | S s | 1 TR N——— S SR R
Ji ' i
II"\.jLIHI":L..I Il-r'\:.;\ Il:-.- e ] b1 . . ra 1K 125 ) 1] 249 ' | I::IU-I-I.':'\- a1 ] 185 0 02 A 0o {11} TI."L'- :"-!: 1.2 14 H L.-'
(a) (&) (c) (d)
In (a) only long fixations (above 250ms) are considered. In (b) and (d), short fixations (below 230ms)
are marked in gray while long fixations are marked in blue

_ _ _ Participant switches attention
Visual attention on line 16 between line 16 and lines 10/11
particularly high. (visual association)

Source: Towards a Fine-grained Analysis of Cognitive Load During Program Comprehension
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»? Automated Mapping to Areas of Interest:

'E Universitat St.Gallen
The Case of Process Models
K &

Eye-tracker v
, 0 S O
Data collection 0 0o
Analysis Mode y @ @ L
3 Timestamp: 15140 T
; Id: 3 e
Element: Gateway G y d 8 g
_ | ) 0o®
¢ _ | Analysis 0
Timestamp: 15140 | )
Id: 1 | T
Element: Activity A = N %
Automated mapping of gazes to process Instantanious calculation of AOl-based measures
model elements and generation of heatmaps

(without the need to manually define AQOIs)

Source: Prototype developed by Amine Abbad Andaloussi

Leveraging Digital Trace Data to Investigate and Support Human-Centered Work Processes, ICEIS/ENASE Keynote on April 25t 2023, Prague, Czech Republic



w2 Eye Mind: Process Model Augmented with
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Eye-tracking Metrics

@ BPM Eye Mind - a P
i P—9 o) Y =
Analysis Mode Heatmap and Overlays & 4] \9/ ©) @
Transport.bpmn X

CollectPayment.bpmn

Iterative loop
XOR open gateway

f

" Driver food

Total fixation duration 2532 ms erfo

Average fixation duration 350 ms
Fixation count 40

Every 3 hours, Zesiy

Number of saccades 11 -
Average saccadic amplitude 0.19

Wk
N

ransport te next destination

F
|
|
|
1
1
|
I

Number of pupil peaks 30

A

1

I

I

|

|

|

1

|

|

|

Average pupil peaks amplitude ~ 5.15 I
|

I

=

0 ® = Y
|
Process structure is

exploited to dynamically

RN U U U —

Inform cust
deliversd

transport
- 6) 6)
_ Register
Drive to port H container

create AOls with ]
projections of behavioral
and physiological
measures

Increase cooling event

@ O
. Increase cooling ' : '
Increase cooling Publish sensor

event tracking data

Decrease cooling event

Decrease
cooling
Publish sensor

tracking data

Decrease cooling
event
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B Uiversitit e Galln Example: Hybrid Process Models
Stimulus with 3 Areas of Interst

QuestionText

Costs Tasks (2/2)

Simulation Log

by wpd user at 164331

by wod us

_AOI: Graph SSETTAOL: simulation

AOIl: law text

Source: Exploring how users engage with hybrid process artifacts based on declarative process models: a behavioral analysis based on eye-tracking and think-aloud
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> |

e Project fixation into coarse }

o Collection of fixations

grained Areas of Inte r/

32/

Generate sequence of
fixations to AOls

@ (i.e., dwells) based on
coarse-grained AOls

I}

weadabon ‘ -
=iy

s ;.
i 2
EH .

b
wn 1

Generate sequence Of even

® Generate attention map
(considering data from se
5

ts

veral participants)

et led—
Sl BN En pmm B N |

Example: Hybrid Process Models

@ Project fixation i
grained Areas of |

Generate seque
fixations to AOIs

30

‘m————|-|——|;)

Label AOIs as re
or non-relevant

o

Generate scarf-|

« Screen divided into several static
Areas of Interest (model, law text, and
simulation)

« Compressed AOI Strings based on
dwells

 Visualization of results as
* Directly-Follow-Graphs (DFGs)
using Process Mining
« Scarf Plots

* Method triangulation: Think aloud

Source: Exploring how users engage with hybrid process artifacts based on declarative
process models: a behavioral analysis based on eye-tracking and think-aloud
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Example: Hybrid Process Models
Visualization as Directly-Follow-Graph

O
F:0.92

F: 0.93
graph
D: 6351.17 (45.24%)

B 9992

57 82%)
F:2.25

19.01%)

simulation ] . 0.54
)

F:2.54
(21.48%)

(18.31%)

F:2.8 simulation
D: 2232.96 (15.91% (15.01%) (14 31%) | D: 6553.46 (19.02%)
F:0.21 F:0.42 ) F: 0.39 F: 0.43 )
(1.76%) (3.52%) F:0.29 (2.09%) (2.29%) F:0.31
law text law text
D: 5455.17 (38.86%) D: 7983.22 (23.17%)
O

(a) Municipal employees (b) Academics
Attention maps in form of Directly-Follow-Graphs comparing the attention focus on different
artifacts for municipal employees and academics. D is the mean fixation duration, and F is the
mean transition frequency between two AOls

Leveraging Digital Trace Data to Investigate and Support Human-Centered Work Processes, ICEIS/ENASE Keynote on April 25t 2023, Prague, Czech Republic
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Start Date

End Date

04.03.2010 07:35

04.03.2010 07:46

04.03.2010 07:53

04.03.2010 07:55

08.03.2010 11:16

08.03.2010 11:18

11.03.2010 11:15

14.03.2010 14:08

11.03.2010 11:19

18.03.2010 08:04

14.03.2010 17:53

14.03.2010 17:56

18.03.2010 08:06

18.03.2010 08:07

18.03.2010 08:07

18.03.2010 08:08

18.03.2010 08:09

18.03.2010 08:09

Going Beyond a Single Data Source
Linking Multiple Data Sources

An event log contains traces
Each trace is a sequence of events

D "E ) "8 ) o )
> lmowna D, Herde % ande
D ot ) et ) o )

Handle
Case

Inbound
Call
Handle
Case

Handle
Case

Inbound

Email Email
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Process Mining Strategies

What are common strategies used in the analysis stage?
Process mining strategies derived from the analysis of interview data.

Understand the problem

Understand

Formulate analysis questions

Classify and compare cases

Analyze

' Plan
0 @t
)
(D] 0
(16 )
~ Verify artifacts/findings
Evaluate

F. Zerbato, P. Soffer, B. Weber, Process Mining Practices: Evidence from Interviews. In International Conference on Business Process Management (BPM 22), Accepted for publication.
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Think-Aloud Data

[00:09:38,3 — 00:11:09,9]
"I'm trying to filter the Payment activity to see
all the cases that we don't have a payment.

I've tried using the filter forbidden..."

A uiersiieseGalen - Providing Context to User Interaction Logs

Strategy: Verify artifacts and findings

"Often | try to combine different tools to understand for sanity
check if we have the same insights in different tools."

Interview Data

Disco bupaR compare insights
A A A
ID | Tool Function | Tool Start End
P27 | PDF Reader |Acrobat Reader |00:04:50,3 |00:06:17,4
P27 | Case Filter Disco 00:09:38,3 | 00:11:09,9
P27 | Statistics Disco 00:11:46,1 [ 00:12:34,3
P27 | Case Filter bupaR 00:14:00,7 [ 00:15:09,9
P27 | Statistics bupaR 00:11:46,1 [ 00:12:34,3
P27 | Statistics Disco 00:11:46,1 [ 00:12:34,3

Leveraging Digital Trace Data to Investigate and Support Human-Centered Work Processes, ICEIS/ENASE Keynote on April 25t 2023, Prague, Czech Republic
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tie |g

ﬁhabbunauaui

7
oD

Creating User Interaction Logs

@] P27: | would like to see, using this one. | will explore a little more the statistics.

Think-Aloud Data

And then we have another insight here. The TotalPaymentAmount, | would like to see that one. And actually, it's
TotalPaymentAmount, the cumulative amount paid by the offender, it's always initialized to zero. Well, we have an
opportunity. It's always initialized to zero. Ok. The amount paid by the offender in one transaction. This one is

interesting.

Application Logs

2021-05-06T19:34:45.0744536+02:00: Adding buffer to output stream.

2021-05-06T19:34:45.0899984+02:00: Saved graph to disk in 15 millis

2021-05-06T19:34:45.9960234+02:00: (Showing log explorer view for Road_Traffic_Fine_Management_Process
2021-05-06T19:34:50.1055319+02:00: (Showing variant Variant 1)

2021-05-06T19:37:49.2463633+02:00: (Showing map view for Road Traffic_Fine Management Process)
|2021-05—86T19:37:50.6212506+02:00|:I(Showinq statistics view for Road_Traffic_Fine_Management_Process)

ID | Tool Function | Tool Start End

P27 | PDF Reader |Acrobat Reader |00:04:50,3 |00:06:17,4
P27 | Case Filter Disco 00:09:38,3 [ 00:11:09,9
P27 | Statistics Disco 00:11:46,1 [ 00:12:34,3
P27 | Case Filter bupaR 00:14:00,7 | 00:15:09,9
P27 | Statistics bupaR 00:11:46,1 | 00:12:34,3
P27 | Statistics Disco 00:11:46,1 [ 00:12:34,3

Leveraging Digital Trace Data to Investigate and Support Human-Centered Work Processes, ICEIS/ENASE Keynote on April 25t 2023, Prague, Czech Republic




= Exploration and Hypotheses Testing are
Core Components of Process Mining

" Universitat St.Gallen

/ Refine goal \
Analysis |
question
- Focus Explore Create Generate Refine [T"St ] Assess
(5 - — ~—{ mental <> hypotheses goal hypotheses result O
model +

Filter Visualize ) Apply analysis Visualize
Join Cluster Create .“f('u.\'un‘
Analyze variants . Artifact ) Statistics

Inspect traces

Visualize
\ Measure /

Test prediction Error correction Act

Color legend: Plan  Create attention  Create prediction

Work by Pnina Soffer and Her Team
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Creation of Participant Profiles

< o
im] |“',A- Prcl‘;..- Prclo cml

&< O A Nichtsicher | 130.82.168.60:8080/Tools

Tut| ¥ dbl| & 1cs| @ wr| G

7] HSG Favoriten

. HOW_Case_View
. HOW_Coding_Manipulation . HOW_Filter

E,j, Favoriten impartieren @ Camunda Optimize

How

WHAT_Activities

What
. WHAT Attributes

Participant 1
Tools: Celonis

VIEW PROFILE

Fodirg Hoints 1 [

2D;|

Introduction to Ca...

RP||| TU|

pic | digl "del '

Tatl 0 So'l

Pre| o Fut| [T Int Rer x

A“

. HOW_Other_(outside of tool) . HOW_Process_Statistics

WHAT_Cases

WHAT_Other

WHAT_Performance (Temporal) . WHAT_RawData

WHAT_Process_Flow

Participant 2

Tools: Disco, Celonis

el

VIEW PROFILE

wosr | Y [N | I [N AN N R

Finding Foirts

Tims

WHAT_Statistics

How

Py Puints

SIS — O

W Gt B @

. HOW_Conformance_(algorithms) . HOW_Import_Export_Menu . HOW_Process_Discovery_(algorithms) . HOW_Process_Visualisation

HOW_Trace_Visualisation

WHAT_Variants

Participant 3
Tools: Disco

VIEW PROFILE

Tima

X

L)
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Fine-grained Areas of Interst

- C Restart. When the municipal council offers 15 hours part-time assistance, then it is mandatory for the receiver to designate a person.
True or False?

Simulation

MOVE_AN_CAN_MOVE_AN |

OI_HIRE_DESIGNATED_PERSON| = Co: Tasks (2/2;
AOI_INCLUDE_DP h = = T = ] : o i )
rm H : ]
............... 3 H ‘o designate a person ]
i [(AOL_RESPONSE_DP_APPROVAL e
= : [ : ] iz -.. AOI_EXCLUDE_HIRE_PAR45 offer 15 hours of assistance ]
B pitsAdec : 3
AOI_CAN_MOVE |-~ person e N : i offer 15 hours of assistance
- — can move alone ' q : |
3 L . : | by wp4 user at 16:43:31

! cannot move alone

H i
E B | : - 6:43:29
designated } - at 16:4
 pesen 1 [(AOI_MILSTONE_APPROVE_DP_HIRE |
D | i _____ P T_not accommodated in residential facilities acc

i
— ‘T"‘ ! ! _ording 52
; AOI_INCLUDE_APPROVE_DP_HIRE -
: =Dy Wpa GSET at 16:43:27

i : #wnicipal counch
. S i L [ACI_EXCLUDE_APPROVE_DP_REJECT DP
AOI_EXCLUDE_ACCO_N i ] R :
ACCO_N i : i
: cltes H
AOI_GRAPH
AOI_EXCLUDE_ACCO_PAR4S J-----.

----- {AOI_REJECT_DESIGNATED_PERSON]

not accommodated in residential facilities according to §52 ?

Source: Exploring how users engage with hybrid process artifacts based on declarative process models: a behavioral analysis based on eye-tracking and think-aloud
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Scarf-plot showing = IIENENI AN AN ARN N AN NN = ™ g elevant

the sequences of x| NSRS 00000 O 2stmamen A of

fixations for - IR S o o o "

p a rt| Ci p ants so | Vi n g AOI_CONDITION_OFFER_DESIGNATE

a constraint task. " MU ANONAUNRONMROD O UMMMV NN T e

Relevant AOIs of the s [N 0 L [ 20 2o oo o v

DCR Graph for this | INESEINEHIT | @ 1IWE  IIW 01 0 B o e oo

tatic, o oo NSRRI N R R SR R s coomon o e e
_ - - - - n AOI_CANNOT MOVE

I I - - - AOI_INCLUDE APPROVE_DP_HIRE

[ A 0O OB O 1 OO0 01 I e e sson

I_APPROVE_DESIGNATED_PERSON

v R ] o o o

Il A01_RESPONSE_DP_APPROVAL

7> O RO O G e Iy ' v comormom oo wove
AOI EXCLUDE_ACCO_N_ACCO_N

—- | IIIIIIIIII.I-III-"-I"IllIIII"I'"II’III-I e NSRRI
AOI_CANMOVE

Source: Exploring how users engage with hybrid process artifacts based on declarative process models: a behavioral analysis based on eye-tracking and think-aloud
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Scarf-plot showing P01-E(Ia_mple of a goal-oriented behavior (P09) Tl Ol il Task-relevant
the sequences of o2 [l )| oLsmuLamion Areas of
fixations for wos ] + P09 visited only five out of the 22 AOIs defined on the 1l ror oreen s ouns | Interest
participants solving DCR Graph and most of the fixations were on relevant AOL CONDITION_OFFER_DESIGNATE _ |

a constraint task. =il AOIs. o Bl o oot acco pans

Relevant AOls of the Pms- * P09 spent the 35.31% of the total fixation time on ”I Il A0!_EXCLUDE_APPROVAL_DP_REJECT DP

relevant AOls, while the proportion for non-relevant AOls
of the graph was 3.74%.

[ ] AOI_REJECT_DESIGNATED_PERSON
[ AOI_EXCLUDE_CAN_MOVE_PAR_45

]. [ ] AOI_EXCLUDE_HIRE_PAR45

[ AOI_CONDITION_NOT_ACCO_OFFER

. AOI:EXCLUDE_CAN_MOVE_AN_CAN_MOVE
DCR Graph for this e |[J -
ftas.k are labeled in oo [l ¥
italic.

AOI_INCLUDE_DP
~HN (NS W0 IEEL WO W OEEE | Aot cawnor wove
AOI_INCLUDE APPROVE DP_HIRE

B — L s

AO _APPROVE_DESIGNATED_PERSON

v 0 ] v oo o

[l ~01_RESPONSE_DP_APPROVAL

#1> [ RPN OO 0 sy o comormom oo v
AOI EXCLUDE_ACCO_N_ACCO_N

--I”.-I | IIII |I|IIII.|.-I’I-||-I|||III|I|||| "Illll‘l“ll e NSRRI
AOI_CANMOVE

Source: Exploring how users engage with hybrid process artifacts based on declarative process models: a behavioral analysis based on eye-tracking and think-aloud
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Scarf-plot showing oM MER 1 N [ —l Task-relevant

AOI LAWTEXT

the sequences of x| || [JINBEANRIN MU O ED 00 000N 000 O 0 00 DR e stnmon_—_ Avreas of

AOI_DESIGNATE_PERSON I nt ere St

fations for »] NN | .
pa rtiCipantS SO|Ving AOICONDITION_OFFER_DESIGNATE _ |
AOI_ACCOMODATED

a constraint task. M 00000000 0 S e v i o xcropt.aceo,panas
Relevant AOIs of the 7 [N N I B oo o s

. AOI_EXCLUDE_CAN_MOVE_AN_CAN_MOVE

DCR Graph for this | [J| Example of an exploratory strategy (P14) || ] g
task are labeled in Pos. I. [ ] AOI_EXCLUDE_HIRE_PAR45
italic. - P14 visited 16 out of 22 AOIs during the execution of the el

[] ao1_cannoT MmovE

AOI_INCLUDE APPROVE_DP_HIRE

l:' AOI_HIRE_DESIGNATED_PERSON

Bl A01_APPROVE_DESIGNATED_PERSON
AOI_MILESTONE_APPROVE_DP_HIRE
Il ~01_ReSPONSE_DP_APPROVAL

P09- task. A large amount of these fixations were on non-
e [ relevant AOls. Overall, P14 spent the 29.08% of the total
fixation time fixating relevant AOls in the graph, and the
w2 29.33% of it fixating non-relevant ones. O
- AOI_CONDITION_CANNOT_MOVE

\l
- — — AOI EXCLUDE_ACCO_N_ACCO_N

AOI_CANMOVE

Source: Exploring how users engage with hybrid process artifacts based on declarative process models: a behavioral analysis based on eye-tracking and think-aloud
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%R e sl Automated Mapping to Areas of Interest:
| The Case of Source-code

Eye-tracker Classical approach of assigning AOls manually
Timestamp: 15140

179 public ResponseObject che@! IBra ( 17€ public ResponseObject che@In(TravelCard card) { AOl line 17
18 if (Ecard.isChe‘dInSt‘S()) { 18 if (!card.isCheckedInStaus()) { AOlI line 18
19 if (hasEno@hBalance(card)) { 19 if (hasEno@@hBalance(card)) { AOl line 19
20 card.setCi@kedI@tatus(true); 20 card.setCH@ck@I@tatus(true); AOI line 20
21 response = new Response@ject(20@, Constants.CHEQ@ED_IN_SUCCES 21 response = new R@sponse@ject(200, Constants.CHEQEEAGN|iALCZES
22 22 ® AOl line 22
23 InitSys@m.isl.gegogger() 23 InitSys@em.isl.gegogger() AOl line 23
24 .info("CHECKIN: @tomaton at " + stati@Name + " : " 4 24 .info("CHECKIN: ®itomaton at " + statigpNampQ@| line 24+
25 Initsy@em.isl.printLog(); 25 InitSy@em.isl.printLog(); AOl line 25
26 countCheckIn++; 26 countCheckIn++; AOI line 26
27 27 AOI line 27
28 } else { . 28 } else { AQOl line 28
29 respon@ = new Resp@seObject(220, Constants.CHEC‘__IN_,FAILUR 29 respon@® = new Resp@seObject(220, Constants.CHE*@Mj_ﬁaﬂ.@ﬁ
30 ¥ 30 iy AOI line 30
31 31 AOl line 31
32 } else { 32 } else { AOI line 32
33 ‘ 33 AOlI line 33
34 response = new Respf@seObject (210, Constants.CcHE@ED_IN_FAILURE_AL 34 response = new ResplhseObject(210, Constants.CHE.ED_INAWMgML
35 } 35 b AOl line 35
36 . 36 AOl line 36
g; , return r@p fnestamp: 18766 37 return rggponse; @ AOl line 37
don 38 } AOI line 38

Sample of user’s gazes on the source-code Each AOI refers to a distinct line of code

Leveraging Digital Trace Data to Investigate and Support Human-Centered Work Processes, ICEIS/ENASE Keynote on April 25t 2023, Prague, Czech Republic




%R e sl Automated Mapping to Areas of Interest:
| The Case of Source-code

What happens when the user scrolls down in the source-code editor?

73 InitSyste@isl.getLdfyer() AOI line 17
a8
24 . info (" CHECKIN @@putomaton at@® + stationName Sl 0n/&8| I 18
25 InitSystem.‘l.printLog(); _Ine
26 countCheckIn++; Py AOI “.ne 19
27 AOl line 20
17@ publi: F({espnnse()bieci ;he‘;MJT(r?\;eT{LCard card) { AOl line 17 28 } else { aﬂ AOl line 21
18 if (!card.isCheckedInStalus AOl line 18 res 2= ResponseObject (220 stants.CHECKED_IN_FASLURE|LONCH li
if (hasEnod@hBalance(card)) { AOI line 19 33 } p.S - L : : . — ‘ l Ilne 22
20 card.setCHick@I@tatus(true); AOlI line 20 ;1 AOQl line 23
21 response = new I‘ponse(‘ject(zee, Constants. CHEQEERQINIf/ZIES .
5 ® AOl line 22 32 } else { A8| line %4
23 InitSme.;sl.g‘oggerl')j AOI line 23 33 ., r. AOQl line 25
24 .info("CHECKIN: @Witomaton at " + stati@Nampo line 24 + . 34 r.aonse = ) ResponseObj'(Z’l@, Consta . CHECKED_IN FAILURE_.R[AW@l line 26
25 InitSydem.isl.printLog(); AOl line 25 - .
26 countCheckIn++; AOlI line 26 After SCrOlllng 35 b AOI I|ne 27
27 AOI line 27 p | 36 AOl line 28
28 } else { AOI line 28 37 return @ponse; AOI line 29
29 respon@ = new Resp@seObject(220, Constants.CHE*thUR 38 ¥ .
30 } AO! line 30 39 AQl line 30
31 AOl line 31 40 AOl line 31
} else { i g i .
z GG l :;E: - 419 public void chec_k..ugn i AOI line 32
i response = new Resp@hseObject (210, Constants.CHERED_INyFiFHIRESAL 42 In1tSy5tem.1sl.lngContaJ.(Constants.CHECKED_Ir.UCCESS); AOlI line 33
35 b AOI line 35 43 ¥ i
BS AOI line 36 44 AOI line 34
37 return rggponse; @ AOI line 37 45 AOQI line 35
38 } AOI line 38 466 public String geffftationName() { AOl line 36
a7 return stationName; AOl line 37
Each AOI refers to a distinct line of code 48 ¥ AOI line 38
\ J

!
* Inconsistant mapping to AOls

* Need to re-assign AOIS
« Time consuming (need to be done at every scroll event)
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%R e sl Automated Mapping to Areas of Interest:
| The Case of Source-code

Eye-tracker
Timestamp: 15140

17€ public ResponseObject che@I it {
18 if (lcard.isChed@dInStd@s()) {
19 if (hasEnof@hBalance(card)) {
20 card.setCI.kedI.:atus(true);
21 response = new Response.ect(za, Constants.CHE‘D_IN_SUCCES .
2 ° Automated mapping between gazes and
23 InitSys@m.isl.gg@hogger() . .
24 ntotcrakin: @htonaton at * + stati@ame + " : " 4 areas of interest at the data collection
25 InitSy@em.isl.printLog();
26 countCheckIn++; Timestam | Gaze X Gaze Y Line of Column
;; } else { p Pos. Pos. code of code
29 , respon@ = new Resp@seObject (220, Constants.CHECAEBY_IN_FAILUR 1 15140 1450 60 17 30
30
31 2 15148 1430 77 18 26
1
2 betse 3 15156 1480 77 18 32
;: ) response = new Res;‘seObject(Zl@, Ccnstants.CHE.ED_IN_FAILURE_AL 4 15164 1530 86 19 25
36
37 return r@p Timestamp: 18766
38 } don

Sample of gaze file with automatically mapped AOI
Sample of user’s gazes on the source-code

Source: https://www.i-trace.org
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* Process Mining — a success story — from research to a multi
billion market

e Gartner Quadrant
« Explanation of what it is
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v?Z Process-driven Execution and Collection of

f&' Universitat St.Gallen

op down

IRB2600 Door to Scanner
(s)

IRB2600 Scan Gripper

RB2600 Scanner to Door

2600 Door to Portal

IRBR600 To Tray Open
o5

@ Explicit collection of sensor
data in dedicated activities
-> direct correlation with
process execution

loT Data in Context

I |_ MMW“lwmtEMEJ—@—l_EEFMM g

| Frocess Mining Tool ﬂ| | Process nmumnsqluﬂ|
_'_,_I-'_
?I G fﬁ

HTTE

HTTP

HTTRIAOTT
“?' Ll ¢' Kafla
]

| Wets Sarvice E" | mmlnlg Servica 3 ||
"f::l"' RPC — sy v Ling ;in_'_,- T TRt
] |

Domain Layer | Tresaction Manager & J—@— “"_fjl’f“” |

= OOP Imeifacas

ook

Control Layer

| Embedded Control Application $||
|

Progristary Difsers and Inleclacas -‘E:j".

Hardware Layer g

|
Fmﬁmﬂmlulnhlm

| Conlroller ﬂ|

_ © |
| Banscrs El | Actuaicns {“
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Y& Universiit St Gallen The Process of Reading Source Code

Developer’s Eye Gazes Physiological sensors
' 8 ' Pupil Dilation

changes

EEG < user's cognitive

and affective state

ECG

H
EDA

{

ray.size();

.
— - urn 1423
. ‘e

Developer’s cognitive and affective
state while looking at the
highlighted part of the source code

High "
CL s sense of, creates, modifies
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Y& Universiit St Gallen The Process of Reading Source Code

Software Design Artifacts changes measure Biosensors

< user’s cognitive

8 public static void main(String[] args) {

9 List<Object> array = new ArraylList<Object>(); Eir](j Eaffea(:ti\/ea E;téatea

11 Object r = new Rectangle();
12 array.add(r);

13 Object e = new Triangle();
14 Object s = new Circle();

15 array.add(s);

16 array.add(e);

18 for(int i=@; i<array.size(); i = next(i,array)){

. —
®
19 Graphics.draw(array.get(i));

2

3 public static int next(int i, List<Object> array) {

4 if(array.get(i) instanceof Triangle) return array.size();

25 else if(array.get(i) instanceof Rectangle) return i+2;

26 return i-1;

Reads, makes sense of, creates, modifies
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VS Universic St Galer Process Activity Detection from Sensors

‘ Process
Event LOY _Ari H TO down
R Process event sequences oy = Proces_.s driven execultlon and P
— Event Stream () collection of loT data in context
p1, a started p2, a started pn, a started
p1, a(1enct1)edt o p2, aner21d<ta)dt tod pn, a ended
. b starte p<, D starte b started
p o1, b ended b2, b ended pnbn,sbaen%ed IRB2600 Door to Scanner
@ 6c0 o6 6 00 6 6 0 IRBQSOO Scan Gripper
RB2600 Scanner to Door
. 2600 Door to Portal
IRBR600 To Tray Open

Explicit collection of sensor
data in dedicated activities
—> direct correlation with
process execution

il - T A
H ‘ ‘

Activity A Activity B Activity A Activity B Activity A Activity B

Process Instance 1 Process Instance 2 Process Instance n

L)

Event sequences of all sensors and
actuators of smart factory

Bottom up
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;E Universitat St.Gallen InVGStigating and Supporting Human Work
Proceeses

Our Goal
Using a process science lense

And digital trace data

Leveraging Digital Trace Data to Investigate and Support Human-Centered Work Processes, ICEIS/ENASE Keynote on April 25t 2023, Prague, Czech Republic



v%

'A Universitat St.Gallen Corl’e|ati0n

 Correlation

— ldentifying my instance — what is my CaselD
» A session is one process instance; a task is one instance
» Each event belongs to one instance

Easy for one modality
For multiple modalities we need synchronization of event sequences

- Obejct-centric process mining; Linking events to smaller level elements
- Relate my events to smaller level objects, e.g., a source code token

Leveraging Digital Trace Data to Investigate and Support Human-Centered Work Processes, ICEIS/ENASE Keynote on April 25t 2023, Prague, Czech Republic
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* What is my event?
« Granularity (fixed granularity problem)

 When | change my granularity what is the impact (CAISE paper)

Leveraging Digital Trace Data to Investigate and Support Human-Centered Work Processes, ICEIS/ENASE Keynote on April 25t 2023, Prague, Czech Republic
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S9SS920.1d 9AIubo)H

Explanation

Process of Process Mining

loT-enabled processes
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1. Unravelling Cognitive Processes

2. Tracing developers physiological and behavioural patterns
to explain software deficiencies and intervene in fault-

prone situations
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Software Artifact

8 public static void main(String[] args) {

9 List<Object> array = new ArrayList<Object>();

10

11 Object r = new Rectangle();

12 array.add(r);

n3 Object e = new Triangle();

14 Object s = new Circle();

15 array.add(s);

16 array.add(e);

17

ik} for(int i=0; i<array.size(); i = next(i,array)){

19 Graphics.draw(array.get(i));

2e

21 }

R2

23 public static int next(int i, List<Object> array) {

R4 if(array.get(i) instanceof Triangle) return array.size();
R5 else if(array.get(i) instanceof Rectangle) return i+2;
26 return i-1;

27 }

R8

Physiological sensors

Developer’s Eye Gazes
y Pupil Dilation

EEG

ECG

EDA

CL

Developer’s cognitive and affective
state while looking at the
highlighted part of the source code

Biosensors

Pupil dilation

Time (seconds)

/’\f‘ @Ia\ei signal M\M(‘JV\\/J

Phasic GSR signal
1l L1l Ll Ll T Ll 1
0 2 4 6 8 10 12 4 6 18

Tim
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;E o Observability Through Sensors for Collecting
| Behavioral and Physiological Data

Eye-tracking devices \

— Collection of eye-related measures such as pupillary response data, eye blinks, gaze data

Galvanic Skin Response sensor

— Collection of electro-dermal activity J
 Electrocardiogram "

— Collects the electrical signal from the heart and allows measure heart-rate variability
* Heart rate monitor » -

— Collection of heart-related measures such as heart rate
Event Sequence Data L @

Potentially Multi-modal Data

Leveraging Digital Trace Data to Investigate and Support Human-Centered Work Processes, ICEIS/ENASE Keynote on April 25t 2023, Prague, Czech Republic
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Challenge: Synchronization of events

8 public static void main(String[] args) { c ’
: 5 - i o
9 List<Object> array = new ArrayList<Object>(); =
10 =
11 Objr = new Rectangle(); o
12 array.add(T)s Q
: S
13 Object e o
14 Object s Fixation U
15 array.add X, y, start, duration ] Time (seconds)
16 array.add(s Associated
17 pupil dilation
18 for(int i=@; i<array.size(); et (1array )t .
19 Graphics.draw(array.get Associated .
20 } GSR readings A
21 } 33 Original GSR fgnal
22 3,
23 public st3 <Object> array) { ?:1 |
24 if(ar angle) returs] array.size(); 5
25 else 1 / 2 eturn i+2; 80 W : W—W—#M—*“WM—
b6 return i-1: Phasic GSR sﬂnal
: p
27 } Illllllllllll_llIllllllllllllllllllllllllllllll
b8 0 2 4 6 8 10 12 14 16 18

Time (seconds)

Sequence of fixations over time

Challenge: Signals differ in terms of latency
(time between stimulus and reaction)
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75 Universitat St.Gallen Spatial ASSOCiation Of
| Software Design Artifacts and Events

8 public static void main(String[] args) { ( )

9 List<Object> array = new ArrayList<Object>(); Areas Of IntereSt AOIS

10 H . .

o Objp i e Areas of mtere-st aIIovy fo.r a spa’FlaI grouping
12 srray. adki(r; 1 ( and aggregation of fixations using their spatial
13 0 ject = r dle(); .

14 Object s new €ircle(); Fixation prOpertles

15 array.addf AVG fixation .y, start, duration

16 array.add duration: 150 oY e ﬂ State-of-the art approach to analyze

17 — } .

18 for(int i=0; i<array.size(); sarray)){ eye traCklng data

19 Graphics.draw(array.get Ch Il .

i? } AVG fixation duration: 137 a eng_es' . .

" } « Scrolling and zooming changes view of
23 e 3 artifact

- « Complex and dynamic artifacts

> \ AVG fixation duration: 285 . Manyal creation of AOIs practically not
be feasible

Software Design Artifact with Areas of Interest
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8 public static void main(String[] args) { To Which part of the artifcact does
9 List<Object> array = new ArrayList<Object>(); o

10

N i) - | an event relate?

12 array.add(r g

13 Object e = new TF J Fixation )

14 Object s = new €ircle(); X, y coordinate, start,

15 array.add [$%d |duration, source code

16 array.add{e

Enrichment of fixations with

17

18 for(int i= 0 i<array. 5129(), . - sarray)){ . . . .

19 } artifact information during data
21 ) collection

23 public sta t next(mt i, L:|.st<0b;|ect> array) {

4 if(ar array.size();

25 else 1ffarray.ge eturn i+2;

26 return i-1;

R7 }

28

_Fixation event enrichment should not be an afterthought

= Plugins for mapping gazes to artifacts: iTrace, EyeMind (tool developed in my team by Amine Abbad Andaloussi)

Leveraging Digital Trace Data to Investigate and Support Human-Centered Work Processes, ICEIS/ENASE Keynote on April 25t 2023, Prague, Czech Republic



VEU- . Eye Mind: Tool for Collecting and Analyzing
| Enriched Fixation Events

@ BPM Eye Mind - X
Analysis Mode Heatmap and Overlays f‘, @ ‘\: ) @
% Transport to next
Transport.bpmn destination sub-process
Total fixation duration 35042 ms
Average fixation duration 220 ms
Fixation count il
= @ o Number of saccades 178
/S = Average saccadic amplitude 1.21
) ADnuellood
" |’ /, break Number of pupil peaks I

Average pupil peaks amplitude 3.45

0o iy
¢ )
O 8 i
Q—-[?ia-;mm

A Register
Drive to port H container

Process structure is
exploited to dynamically
create AQOIs with
projections of behavioral
and physiological
measures

~
Initialize sensor

modules

Decrease cooling event

’
I
I
& !
Decrease ]
cooling |
Publish sensor |
ing data
I
I

tracking dat
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8 public static void main(String[] args) {

Leveraging Artifact Information for

9 List<Object> array = new ArrayList<Object>();

new Rectangle();
12 array.add(rys

13 Object e
14 Object s

==
= ®
o
(=2
L
3
]

o
3
m
=

Fixation
X, y coordinate, start,
duration, source code

15 array.add

16 array.add(& element
17

18 for(int i=@; i<array.size(); sarray)){
19 Graphics.draw(array.get

20 }

21 }

22

23 public sta t next(lnt i, L15t<0bject> array) {
R4 if(ar 2

25 else 1 of |

26 return i-1

R7 }

Dynamic AOI Creation

Mapping between fixation events
and artifact allows to create
dynamic AOIls leveraging artifact
syntax and semantics.

Abstract syntax tree

Artifact syntax

Conditions, loops,
concurrency, sequence flow,
constraints ...

& semantics

Leveraging Digital Trace Data to Investigate and Support Human-Centered Work Processes, ICEIS/ENASE Keynote on April 25t 2023, Prague, Czech Republic
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1. Thierry Related Work
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75 Universitat St.Gallen Areas Of IntereSt
| Grouping and Aggregation of Fixation Events

§f T RN L Areas of Interest (AOls)
10 o ’ Fixations have a temporal and a spatial
» s, <Polimtit component. Areas of interest allow for a spatial
13 Object e gle(); grouping and aggregation of fixations
14 Object s new £ircle();
y.add AVG fixati
. orray . add duration: 150 ~a State-of-the art approach to analyze
17 eye-tracking data
18 for(int i=@; i<array.size(); sarray)){
19 Graphics.draw(array.get ChallengeS'
2o } AVG fixation duration: 137 . i .
p1 } « Scrolling and zooming changes view of
23 public stati next(lnt L15t<Ob]ect> array) { artifact
A if(ar g SFLRARARNL); « Complex and dynamic artifacts
25 else 1 T sctang eturn i+2; ) .
26 return i-1; _ « Manual creation of AOIs practically not
27 } AVG fixation duration: 285 .
28 feasible

Sequence of AOls over time
Mapping between fixation events and artifact

allows to overcome these challenges
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‘;E N Contextualization of Fixation Events
Leveraging Artifact Metrics & Features

8 public static void main(String[] args) { 1 i 1

9 List<Object> array = new ArrayList<Object>(); Mapplng between f|Xat|On events and
. 1 _ artifact additionally allows to

= Ahi Fixation contextualize fixation events with
14 Object s X, y coordinate, start, artifact metrics and properties

15 array.add duration, source code

16 array.add(& element

17 . .

18 for(int i=e; icarray.size(); ,array)){ Artifact metrics AR

19 Graphics.draw(array.get Lexical Anti-patterns

5? ; } & features Structural anti-patterns

22

23 public sta t next(mt i, L:|.st<0b;|ect> array) {

R4 if(ar array.size();

25 else 1 eturn i+2;

26 return 1-1

27 }
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B Universiie S Galln Contextualization of Fixation Events
Leveraging Artifact and Physiological & Behavioral Features

8 blic stati id main(String[] args) { - - :
9 - t§5z<gb;:c¥:1ar|::;n= n:;nf\r‘r‘a;sztwbjecb(); Mapplng between f|Xat|On events and
10 r artifact additionally allows to

11 Ob3jk . u . .

2 Sy Fixation contextualize fixation events with

14 Object s X, y coordinate, start, artifact metrics & features

15 array.add duration, source code

16 array.addle element

17 . .

18 for(int i=0; i<array.size(); < s g,array)){ Artifact metrics Con_vplex:ty.metr/cs

19 - 8 feat Lexical Anti-patterns

i) ; } Sl Structural anti-patterns

22

23 public statig int next(mt i, L15t<0bject> array) { . .

24 if (ar(ay Jget(i) inspag : q array.size(); The temporal dimension can be used
25 else 1¥{array.ge ST gectang eturn i+2; . . . .

26 return i-1; to contextualize fixation events with
7 } . . .

- behavioral & physiological features.

Associated pupil dilation

OWEIe)[oTe[[=IRW Fixation-related measures
behavioral Saccadic measures
Pupil measures

features

Pupil dilation

Time (seconds)
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1. Contextualization of fixation events
2. Pinpoint difficult parts of code

3. Augmented Representations

— E.g., for code reviews

4. Create Neuro-adaptive Software Systems

Leveraging Digital Trace Data to Investigate and Support Human-Centered Work Processes, ICEIS/ENASE Keynote on April 25t 2023, Prague, Czech Republic



$E Universitat St.Gallen From Cognitive States to
| Neuro-adaptive Software Systems

Neuro-adaptive software N /\
2.) Biological signal 4 N
systems are software

is analyzed to derive 3.) System adapts on
a mental state
systems that adapt to
changes in user’'s mental

state (i.e., cognitive or
affective state). : k

the base of the user’s
mental state and
context

Cha"enge: . o 1.) Biological Signal (e.g.,

Nature of Intervention (HOW) and Timing (WHEN) EEG, pupil dilation, HRV, skin
conductance) is recorded from

Event-driven the user

architectures: A Good Fit
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B i S Calln Prototype for Online Cognitive Load
Prediction (and Offline Training)

Computer Server
: : Collect / HTTP Influx Grafana
IMotions  “stream ”| Format | NP B
T q Batch / Model
ot Store
ET Cheetah ¢ /
MySQL < N Clean
Nifi

Prototype developed in our research group

supported by
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Explanation

Process of Process Mining

loT-enabled business processes
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Interaction Data: Screen recordings Verbal Data
e =P - e - @ P1: All right, so before | actually continue to the question itself, | would like to familiar familiar
T eesemeenws B B o myself to to the process. So, | go here, | rather go check the Variant Explorer and see how
o e are the common processes look like. So, process start, Create Fine, Send Fine, Insert Fine
c ‘ " Notification by the police, Add Penalty, Send For Credit Collection. OK, the second variant
5 51 a 758 o adds one extra activities from Create Fine we directly have the Payment. Uh ... OK, so one
= question here, so from Create Fine to Payment, this means that they received the fine
8 o directly on the place, right? So, they create the payment right away.
(0] =
st c
c b
[0
(0]
—
O Happy
(’) n

Interaction Data: Application level logs

2021-05-06T19:34:45.0744536+402:00: Adding buffer to output stream. .
2021-05-06T19:34:45.0899984+02:00: Saved graph to disk in 15 millis t|me
2021-05-06T19:34:45.9960234+02:00: (Showing log explorer view for Road_Traffic_Fine_Management_Process)

2021-05-06T19:34:50.1055319+402:00: (Showing variant Variant 1)

2021-05-06T719:37:49.2463633+02:00: (Showing map view for Road Traffic_Fine Management Process)

2021-05-06T10:37:50.6212506+02:00: (Showing statistics view for Road_Traffic_Fine_Management_Process) | Cha"enge: Synchronization of events

# Load log as xes

log = xes_importer.apply('Road_Traffic_Fine_Management_Process.xes')# Thu, 22 Apr 2021 10:26:27
# Start writing your Python code here

dfg = dfg_discovery.apply(log)# Thu, 22 Apr 2021 18:27:16

gviz = dfg_visualization.apply(dfg, log=log, variant=dfg_visualization.Variants.FREQUENCY)
Image.open(dfg_visualization.view(gviz))# Thu, 22 Apr 2021 10:28:26

PM4py @) Disco

Challenge: Raw events have different abstraction levels
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Challenge: What are events indicating relevant state changes?

* Relevance depends on the purpose and is determined by the
research/analysis question

Example Questions:

— How was the evolution of tool usage over time?

— How did artifact usage evolve over time?

— How are questions developed within process mining projects?

— What are strategies for validating and verifying analysis artifacts/findings?

« Events indicating relevant state changes can refer to multiple dimensions.
Each dimension can be described at different abstraction levels.

Possible dimensions:
— Tool function

i — Target artifact

F. Zerbato, R. Seiger, G. Di Federico, A. Buarttin and B. Weber: Granularity in Process Mining: Can We Fix It? Problems@BPM 2021: 40-44.
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Yax Universici St Gallen Collection of Interaction Data and Verbal Data

Interaction Data: Screen recordings Verbal Data
e =P - e - @ P1: All right, so before | actually continue to the question itself, | would like to familiar familiar
T eesemeenws B B o myself to to the process. So, | go here, | rather go check the Variant Explorer and see how
o e are the common processes look like. So, process start, Create Fine, Send Fine, Insert Fine
c ‘ " Notification by the police, Add Penalty, Send For Credit Collection. OK, the second variant
5 51 a 758 o adds one extra activities from Create Fine we directly have the Payment. Uh ... OK, so one
= question here, so from Create Fine to Payment, this means that they received the fine
8 o directly on the place, right? So, they create the payment right away.
(0] =
st c
c b
[0
(0]
—
O Happy
(’) n

Interaction Data: Application level logs

2021-05-06T19:34:45.0744536+402:00: Adding buffer to output stream. .
2021-05-06T19:34:45.0899984+02:00: Saved graph to disk in 15 millis t|me
2021-05-06T19:34:45.9960234+02:00: (Showing log explorer view for Road_Traffic_Fine_Management_Process)

2021-05-06T19:34:50.1055319+402:00: (Showing variant Variant 1)

2021-05-06T719:37:49.2463633+02:00: (Showing map view for Road Traffic_Fine Management Process)

2021-05-06T10:37:50.6212506+02:00: (Showing statistics view for Road_Traffic_Fine_Management_Process) | Cha"enge: Synchronization of events

# Load log as xes

log = xes_importer.apply('Road_Traffic_Fine_Management_Process.xes')# Thu, 22 Apr 2021 10:26:27
# Start writing your Python code here

dfg = dfg_discovery.apply(log)# Thu, 22 Apr 2021 18:27:16

gviz = dfg_visualization.apply(dfg, log=log, variant=dfg_visualization.Variants.FREQUENCY)
Image.open(dfg_visualization.view(gviz))# Thu, 22 Apr 2021 10:28:26

PM4py @) Disco

Challenge: Raw events have different abstraction levels
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VS Univrsic St.Gallen User Behavior Log (Interaction Data)

Event sequence showing tool usage over time
P1

Desktop view 0:07:50,3

started
P1 Desktop view 0:08:13,4
ended
N N
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Y& Universicit st Gallen Interaction Data + Think Aloud

Think aloud data helps to [00:10:18 — 00:10:39]
"I'm trying to filter the Payment activity to see all the cases that don't

have a payment. I've tried using the filter forbidden..."

interpret interaction data

é?’
§
2

(M)

v
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T =7 Challenge: How can we analyze event
sequences ? SOF Read

Evolution of tool usage over time
N — : \ Case Filter

PPDODODODDDODODOD

t16 |g

PPDODDODORORDDODO

Event Sequence Data (Tool Perspective)

. . . Case Filter
P27 PDF Reader START 00:07:50,3 ¢
P27 ST RN UAUEHIEH Evolution of tool usage over time
Per - D RN 13 tool functions, time intervals
P27 Case Filter END 00:08:48,7 =
ase riter - I B | 6tool functions, time intervals
P27 Statistics START 00:08:50,0 .
B B R | | 6 tool functions, time points
P27 Statistics END 00:11:18,1 o
P27 Case Filter START 00:11:30,6 What we put into the event sequences affects what analyses we can do
P27 Case Filter END 00:11:49,8 later on and what patterns we can discover!
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VS Univrsic St.Gallen Pattern Discovery and Visualization

Challenge: How can we support pattern discovery through visualizations?

Discovering Patterns of Behavior in Event Sequences

Event Sequence Data

| Participant_| Event | Timestamp _| Patterns can emerge within one
P1 Desktop view started 0:07:50,3 user or across multiple users.
P1 Desktop view ended 0:08:13,4

Hierarchical Cluster Analysis

Cluster 1 Cluster 2

i

x1 x1
[ Nothing [ Variants

[ Consutt artifacts W Staiistics
[ MAP\Inspect process map (Frequency) [ Fittering

Sankey diagram

1.0
10

Scarf plot .

10 11 12

Freq. (n=3)
00 02 04 05 08

Freq. (n=5)
00 02 04 06 08

1 2 3 4 5 6 7 8 9

[J MAP\Inspect process map (Performance)
Dendogram

Sequentia|PatternMiningAnalysis " \\\||\H\\\\|\\\\\\\\|\H\h\f\'\k|h|f\l\k\\\\\|\\\\\\\||\\\\\\\u\\[\\\\||\\\\\\\||\\\J\H||\\\\HHHHH\HHHH_\_H
' P:;:];:sz(supt:gjh“g%) Correlation matrix Egz
C LRI | | | .
d =/ 8 11 BN OF

Multlple sequence allgnment
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Verify artifacts/findings
"And often | try to combine different tools to understand for sanity check if we have the same insights in

different tools." (Interview Data)

Compare

N\

%) & o
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QQ &VQ'- QQQ § C)(D é)Q' $ é’b §
2 & «
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A i sl Event Sequence Analysis and Visualization

A _Qurvsraxr af Avnvoacchao far Drant Qanaana

S 1ce Analysis

' amework

—

. : Human in the
Yi Guo, € <1 1 ...-l |-.,

(Process) Mines V

L) L) |
Abstract—Event sequence ¢ oo o% Y Y
variety of applications ranging l l ' l ' l I I o I I
and heterogeneous. This higl I I
—
L]

resulting in ever-increasing ni I l l l‘ ‘l

insights from event sequence J u Iy 2'7, 2023
i y < - ti - 3
heve st centifod severa Dagstuhl Seminar 2371 peretions e s

nts, state changes,

Index Terms—Visual Analys S C H L 0 S S D A G S T U H L ally valid for var-

Leibniz-Zentrum fiir Informatik financial services

Copl ng W reas explains that
ed rather indepen-

Event Sec OrganizerS: t are contributions
Claudio Di Ciccio (Sapiezna University of Rome, IT) bo far, the contri

or have they been

Fan Du, Be SiIVia MikSCh (TU Wien, AT) slop the Event Se-
st gomng v 2 NINA SOffer (Haifa University, IL) 1 to the traditions

) . arspective on both
challenges is needed for big . .

In the case of temporal event B b W b U t f St G I I C H .
oralevent AFPOAra vveper (University o . allen, .

challenges users of visual anz

reduce the data volume and p ; I - S . - . . R .

pattern simplification strategies, and (4) iterative strategies. For each strategy, we provide examples of the use and impact of this nttps.//arX|v.org/poT/2202.07941 'pdf
strategy on volume and/or variety. Examples are selected from 20 case studies gathered from either our own work, the literature, or

based on email interviews with individuals who conducted the analyses and developers who observed analysts using the tools. Finally,

we discuss how these strategies might be combined and report on the feedback from 10 senior event sequence analysts.
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 Events are everywhere and come in many flavors

« It pays off to carefully plan data collection and to not just assume that things
can be combined retrospectively (e.g., modeling and emitting domain events
versus only reconstructing events from low-level interactions)

« Huge potential of multi-modal data and contextualization of events. Having an
infrastructure to enable synchronized collection of multi-modal data and
contextualization of events is instrumental

« Be aware of confounding factors when moving from discovery to explanation
and intervention (they are often not latent!)

« Potential for synergies with neighboring communities working with event data
and building event-driven systems and potential for interdisciplinary research
taking a process science perspective
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New
Amine Abbad Andaloussi Ronny Seiger Francesca Zerbato
Postdoctoral Researcher Assistant Professor Postdoctoral Researcher
.. and our Thierry Sorg Flemming Weyers Lisa Zimmermann
PhD student PhD student PhD student
collaborators
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Multiple events can be related by time,
causality, abstraction, or other relationships

Observation Occurence
ONON""Rul \ (Events)

Information Systems, Sensors

past occurence Replayable (desirable)

Log, Stream, Event (Keyed or unkeyed)
Sequence
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CAISE 2016-2021

Overall 63 out of 216 papers related to events
Key role of event sequences in 52 papers

Process Event Logs (42) Log of low-level Interactions (4)

Traces with events related to BP execution Location data (keyed by device / entity)

Events related to BP execution (unkeyed) Mouse clicks (including screen capture), keystrokes (unkeyed)
Augmented Process Event Logs Low-level events (keyed by process ID)

Collection of Process Event Logs

Cyber-physical System logs (1)
Events of different type related to CPS
components (e.g., drones, metalurgical plant);
keyed by scope

Streams of (Raw) Events (4)

Stream of instantaneous and atomic event occurence

Events related to BP execution (keyed by instance ID)
Multiple streams with heart-related, movement-related,

and vehicle state events
Customer Journeys (1)

Long-running traces of customer interactions
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CAISE 2016-2021

Key role of event sequences in 52 papers

Process event logs well represented (42 out of 52)
Primary focus on logs versus streams (48 out of 52)
Most works focus on a single log / stream (48 out of 52)

Observations Most works have logs/streams with keys (2 out of 52)

Few works explicitly refer to distributed settings (3 out of 52)
Few works refer to a data collection infrastructure (3 out of 52)

Process Event Logs (42)

Streams of (Raw) Events (4)

Log of low-level Interactions (4)
Cyber-physical system (CPS) logs (1)

Customer Journeys (1)
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Events from a
Complex Event
Processing Lense

Raw events

Instantaneous events

Simple events

Observation Occurence Complex events
OXoN Ruf | (Events) Derived events
Information Systems, Sensors Composite events

Virtual events

past occurence Replayable (desirable)

Log, Event Sequence (Keyed or unkeyed)
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Events seen with a Complex Event Processing lense

An event object that records a real-world event.
Instantaneous An event that happens at a point in time.
event
Simple event An event that is not viewed as summarizing, representing, or denoting a set of other events.
(07601 ]0] Y EEIET0IM An event that summarizes, represents, or denotes a set of other events.

Derived event
(Synthetic,
synthesized)

An event that is generated as a result of applying a method or process to one or more other
events.

. A derived event that is created by combining a set of other simple or complex events (known as
Composite . " R A

{ members) using a specific set of event constructors such as disjunction, conjunction, and
even sequence. It includes the member events from which it is derived.

Virtual Event An event that does not happen in the real world, but is imagined, modeled, or simulated.

The Event Processing Glossary described events with a Complex Event Processing lense: https://complexevents.com/wp-content/uploads/2011/08/EPTS_Event_Processing_Glossary_v2.pdf

Leveraging Digital Trace Data to Investigate and Support Human-Centered Work Processes, ICEIS/ENASE Keynote on April 25t 2023, Prague, Czech Republic




o o .
Y& Universicit st Gallen Events: Definition and Function

Events from a
Event-first Thinking Complex Event
Processing Lense

Atomic Raw events
Related Instantaneous events
Behavioral Simple events
Observation Occurence Complex events
XN "Ruf \ (Events) Derived events
Information Systems, Sensors Composite events
Virtual events

past occurence Replayable (desirable)

Log, Stream, Event (Keyed or unkeyed)
Sequence
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Event-first Thinking

Something happened (bid on an item, device temperature).

A stream or sequence of events (tracking a price change, device metrics

Related .
changes over time).

The accumulation of facts capture behavior. Collecting, remembering, and

Behavioral analyzing the facts allows us to recogonize and react to behavior.

Blog post on event-first thinking: https://www.confluent.io/blog/journey-to-event-driven-part-1-why-event-first-thinking-changes-everything/
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[ Event Stream h Table ]

4 N N I e Ve ~
i RC ¢
N 2N 2N / N U\ J
Event Event Event-at-a.-time Event storage Event-at-a-time  Eyent
Source processing processing Sink
Filtering
Branching
Translation Grouping Low-level patterns
l. Aggregation (e.g., number of

mouse clicks over a 5

Windowing .+ window)

Stream processing
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Complex patterns involving

multiple events

- Using conceptual
hierarchies

- Using causal
relationships

Events report on state
changes of a system and
its environment

|[dentification of composite
events of interest [...] that
satisfy some patterns,
thereby providing the
opportunity for reactive and
proactive measures.

Complex Event Recognition

The VLDB Journal (2020) 29:313-352
https://doi.org/10.1007/s00778-019-00557-w

SPECIAL ISSUE PAPER l')

Check for
updates

Complex event recognition in the Big Data era: a survey
Nikos Giatrakos'?@® - Elias Alevizos®* . Alexander Artikis*® . Antonios Deligiannakis'? - Minos Garofalakis'

Received: 3 January 2019 / Revised: 12 April 2019 / Accepted: 8 July 2019 / Published online: 25 July 2019
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract

The concept of event processing is established as a generic computational paradigm in various application fields. Events report
on state changes of a system and its environment. Complex event recognition (CER) refers to the identification of composite
events of interest, which are collections of simple, derived events that satisfy some pattern, thereby providing the opportunity
for reactive and proactive measures. Examples include the recognition of anomalies in maritime surveillance, electronic
fraud, cardiac arrhythmias and epidemic spread. This survey elaborates on the whole pipeline from the time CER queries
are expressed in the most prominent languages, to algorithmic toolkits for scaling-out CER to clustered and geo-distributed
architectural settings. We also highlight future research directions.

Keywords Big Data - Complex event recognition - Complex event recognition languages - Parallelism - Elasticity - Distributed
processing

Giatrakos, N., Alevizos, E., Artikis, A. et al. Complex event recognition in the Big Data era: a survey. The VLDB Journal 29, 313-352 (2020). https://doi.org/10.1007/s00778-019-00557-w
Distinction Event Stream Processing and Complex Event Processing: https://complexevents.com/2020/06/17/the-future-of-event-stream-analytics-and-cep/
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VAN Universitit St Gallen Events: Definition and Function
Domain Driven Events from a
Design and Event-first Thinking Complex Event
Microservices Processing Lense
Domain Events Atomic Raw events
Integration Events Related Instantaneous events
Behavioral Simple events
Observation Occurence Complex events
®® b ‘ (Events) Derived events
Information Systems, Sensors Composite events
Virtual events

paSt occurence Replayable (desirable)

Log, Stream, Event (Keyed or unkeyed)
Sequence

Source: Evans, Eric. 2012. “Domain-Driven Design Reference.” http://domainlanguage.com/ddd/patterns/DDD Reference 2011-01-31.pdf.
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Domain Driven Design and Microservices

In domain-driven design domain events describe something that has occured
BlInEIREENIEN in the business domain and is important to domain experts. Domain events
are part of the domain model and expressed in an ubiquitous language.

Integration The notion of integration events is used when publishing events outside the
events service boundary.
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Integration
Source of Truth (Event Sourcing)
/ \State Audit
Notification Debugging
PrOPagatlon Historic State

Roles of events in event- Alternative State
driven systems

Software that changes its Memory Image

behavior in response to events

Key drivers for event-driven

Observation Occurence architectures:
XN Ruf | (Events)  Building decoupled systems
Information Systems, Sensors * DeS|re fOI' team autonomy
Record about Immutable

Ordered
past occurence Replayable (desirable)
Log, Stream, Event (Keyed or unkeyed)
Sequence

Source: The Many Meanings of Event-driven Architecture by Martin Fowler
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CAISE 2016-2021

Overall 63 papers with focus on events

13 papers with system perspective (requirements,
architecture, model-driven development)

Event detection (11)

- Monitoring
Event production (4) - Processing of events
- Event modeling - Complex event processing
- Event notification - Event Processing
- Stream processing
- Event prediction Event handling (8)
- Impact analysis on eff ect
- Reactive event handling
Data Ingestion & Integration (2) - Proactive event handling
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Integration
/ T Source of Truth (Event Sourcing)
Audit
Notification State - Debugging
Propagation Historic State

Roles of events in event- | Alternative State

driven systems .

Software that changes its Memory Image

behavior in response to events

Observation Occurence
ONON""Rul \ (Events)

Information Systems, Sensors

paSt occurence ‘ Replayable (desirable)

Log, Stream, Event ~olos of event b oo (Keyed or unkeyed)
Sequence oles or event sequences In Frocess ocience

Studying Continuous Change
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