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PROGRAMM

TAG 
01
DO. 25. OKT. 2018

10:00 UHR  Begrüßung ZD.B und Grußworte StMWK
Prof. Dr. Dr. h.c. Manfred Broy – Gründungspräsident und wissenschaftlicher 
Geschäftsführer ZD.B
Dr. Peter Müller – Amtschef des Bayerischen Staatsministeriums für 
Wissenschaft und Kunst (StMWK)

10:30 UHR Verleihung des ZD.B Promotionspreises
Dr. Hanna Schneider – LMU: Hauptpreis 
Dr. Jonas Biehler – TUM: Preis für die beste interdisziplinäre Arbeit
Dr. Benjamin Schleich – FAU: Preis für die beste anwendungsorientierte Arbeit

10:45 UHR Opening Keynote
Prof. Dr. Ursula Münch
Universität der Bundeswehr München
Akademie für Politische Bildung

11:30 UHR Blitz-Intro Postersession A

12:00 UHR Mittagspause

13:00 UHR Postersession A

14:00 UHR 01: Let's talk about: Digitisation and the Society of Tomorrow
Dr. Daniel Schnurr – Universität Passau
Dr. Matthias Uhl, vertreten durch Dr. Gari Walkowitz – TU München
Prof. Dr. Nicholas Müller – HAW Würzburg-Schweinfurth
Prof. Dr. Florian Alt – HAW München

15:00 UHR Kaff eepause

15:30 UHR 02: Let's talk about: Human-centred Engineering
Prof. Dr. Jörg Müller – Universität Bayreuth
Prof. Dr. Albrecht Schmidt – LMU München
Prof. Dr. Jens Grubert – HAW Coburg
Dr. Raphael Wimmer – Universität Regensburg
Dr. Janet Siegmund – Universität Passau

16:30 UHR Blitz-Intro Postersession B

17:00 UHR Postersession B

18:00 UHR Abendessen

19:00 UHR Open-Space-Pitches & Networking 

TAG 
02
FR. 26. OKT. 2018

TAG 
00
MI. 24. OKT. 2018

16:00 UHR Ankunft im Kloster Frauenchiemsee

17:30 UHR Get-Together

18:00 UHR Abendessen

A1 A2 A3 A4 A5

B1 B2 B3 B4 B5 Moderation: Eva Wolfangel

Veranstaltungsort:
 Großer Seminarraum
 Kleine Seminarräume
 Essens- und Gemeinschaftsräume

09:00 UHR Begrüßung 

09:15 UHR 03: Let's talk about: Intelligent and Automated Systems 
Prof. Dr. Konrad Doll – HAW Aschaff enburg
Prof. Dr. Andreas Festag – TH Ingolstadt
Prof. Dr. Sascha Hauke – HAW Landshut
Prof. Dr. Martin Matzner – Universität Erlangen-Nürnberg
Prof. Dr. Dominik Herrmann – Universität Bamberg

10:15 UHR Kaff eepause

10:30 UHR FELLOWS COACHING
Session

OPEN SPACE EVENT

11:15 UHR FELLOWS COACHING 

Session 

OPEN SPACE EVENT

12:00 UHR Mittagspause

13:00 UHR FELLOWS COACHING
Session 

OPEN SPACE EVENT

13:45 UHR 04: Let's talk about: From Computational Modelling to Design for the Wellbeing 
Dr. Christian Wachinger – LMU München
Prof. Dr. Björn Schuller – Universität Augsburg
Prof. Dr. Oliver Amft – Universität Erlangen-Nürnberg
Prof. Andreas Muxel – HAW Augsburg

14:45 UHR Kaff eepause

15:00 UHR Closing Panel
From PhD to Startup – Insights from Entrepreneurs

15:45 UHR Wrap-Up und Verleihung der Posterpreise

16:00 UHR Ende des Symposiums

C

D

E
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GRUPPENEINTEILUNG FÜR TALKSHOWS GRUPPENEINTEILUNG FÜR POSTERSESSIONS

01: LET’S TALK ABOUT: 
Digitisation and the Society of Tomorrow  
  
Dr. Daniel Schnurr – Universität Passau: Data Neutrality & Open Access: Coherent Economic Policies for the 
Digital Economy (Nachwuchsforschungsgruppe)
Dr. Matthias Uhl, vertreten durch Gari Walkowitz – TU München: Ethics of Digitization 
(Nachwuchsforschungsgruppe)
Prof. Dr. Nicholas Müller – HAW Würzburg-Schweinfurth: Sozioinformatik und gesellschaftliche Aspekte der 
Digitalisierung 
Prof. Dr. Florian Alt – HAW München: Biometrics – Leveraging Behavioral Biometrics Beyond Security to Both 
Secure and Personalize Interactive Ubiquitous Computing Devices (Nachwuchsforschungsgruppe)

02: LET’S TALK ABOUT: 
Human-centred Engineering 
  
Prof. Dr. Jörg Müller – Universität Bayreuth: Serious Games / Applied Games
Prof. Dr. Albrecht Schmidt – LMU München: Human-Centered Ubiquitous Media
Prof. Dr. Jens Grubert – HAW Coburg: Mensch-Maschine-Interaktion im Internet der Dinge
Dr. Raphael Wimmer – Universität Regensburg: Physical Aff ordances for Digital Media and Workfl ows 
(Nachwuchsforschungsgruppe)
Dr. Janet Siegmund – Universität Passau: PICCARD: Improving Collaboration and Communication of 
Developers (Nachwuchsforschungsgruppe)

03: LET’S TALK ABOUT: 
Intelligent and Automated Systems 
  
Prof. Dr. Konrad Doll – HAW Aschaff enburg: Kooperative automatisierte Verkehrssysteme
Prof. Dr. Andreas Festag – TH Ingolstadt: Fahrzeugsicherheit und Car2X-Kommunikation
Prof. Dr. Sascha Hauke – HAW Landshut: Intelligente Energienetze
Prof. Dr. Martin Matzner – Universität Erlangen-Nürnberg: Digital Industrial Service Systems
Prof. Dr. Dominik Herrmann – Universität Bamberg: Privatsphäre und Sicherheit in Informationssystemen

04: LET’S TALK ABOUT: 
From Computational Modelling to Design for the Wellbeing 
  
Dr. Christian Wachinger – LMU München: Computational Population Modeling from Big Medical Image Data 
(Nachwuchsforschungsgruppe)
Prof. Dr. Björn Schuller – Universität Augsburg: Embedded Intelligence for Health Care and Wellbeing
Prof. Dr. Oliver Amft – Universität Erlangen-Nürnberg: Digital Health
Prof. Andreas Muxel – HAW Augsburg: Physical Human-Machine Interfaces

SESSION A  
  
Gruppe A1 (Raum „Alan Turing“)  
Alice Baird  Reinforced Soundscape Generation for Wellbeing via Multimodal Individual 

Monitoring
Pascal Knierim Mixed Realities in Everyday Life
Viktorija Paneva Dexterous Interaction with Levitating Interfaces
Florian Bockes  User Centered workfl ow analysis for innovative Systems in public administration

Gruppe A2 (Raum „Margaret Hamilton“)  
Markus Zoppelt IT-Security for Autonomous and Connected Driving
Markus Ring Data Mining for Network-based Intrusion Detection
Katja Auernhammer Security for Machine Learning in the Context of Autonomous Vehicles
Viktor Kress Vehicle-Based Intention Detection of Vulnerable Road Users

Gruppe A3 (Raum „Konrad Zuse“)  
 Clemens Birkenmaier   A realistic and patient specifi c computational model of blood viscosity 

and fl ow induced coagulation
Emanuel Marx Optimization of production processes using Process Mining
Kevin Pfeff el  Measuring cognitive load levels during active sport sessions and the use for 

digitalization
Matthias Stierle  Bridging the gap between process analysis and process automation – 

An evidence-based process automation approach

Gruppe A4 (Raum „Grace Hopper“)  
Jonas Schlund Blockchain-Based Orchestration in Decentralized Power Systems
Victoria Fast The Collection of Personal Data: Competitive and Behavioral Eff ects
Gari Walkowitz  Experimental Studies on Filling AI-Induced Retribution Gaps through 

Scapegoat Punishment
Anja Bodenschatz  Behavioral Implications of Human-Machine-Interactions – Experimental 

Evidence on the Resolution of Ethical Dilemmas by Decision Randomisation
  
Gruppe A5 (Raum „Edsger Dijkstra“)  
Christoph Molnar Interpretable Machine Learning
Philipp Dufter Eff ective usage of multilingual data in Natural Language Processing
Sarah Wunderlich  Self-adapting Online Analysis of Host-based Security-critical Events in 

SME Company Networks
Johanna Wald Dynamic 3D Scene Understanding

PROGRAMM

A1

A2

A3

A4

A5
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SESSION B  
  
Gruppe B1 (Raum „Alan Turing“)  
Jakob Karolus Creating Profi ciency-Aware Systems through Ubiquitous Sensing Technology
Fiona Draxler  Abstract It’s All Greek to Me – Support Language Learning with 

Ubiquitous Technologies
Sarah Prange Supporting Users in Everyday Life Using Behavioural Biometrics
 Thomas Kosch Amplifying Cognitive Performance through Workload-Aware User Interfaces

Gruppe B2 (Raum „Margaret Hamilton“)  
Lukas Mecke Informing users’ decision making towards the adoption of biometric techniques
Andreas E. Schütz  Sensitizing employees of small and medium-sized companies 

individually for information security
Oliver Haas Digitalization in clinical environments using graph databases
Henning Pridöhl  On the infl uence of the Java Script Scripting Language and ist 

Ecosystems on Security and Privacy

Gruppe B3 (Raum „Konrad Zuse“)  
Adrian Derungs  Wearable sensor-based motion analysis and recovery trend quantifi cation in
   hemiparetic patient in free-living
Matthias Hoppe Haptic Feedback and Interaction in Virtual Reality
Myroslav Bachynskyi  Control-theoretical models for biomechanics-consistent control of arm 

movements in HCI
Nina Rohrbach  “Mixed Reality” as a new therapeutic approach to support activities of daily living in 

patients with chronic neurological disease

Gruppe B4 (Raum „Grace Hopper“)  
Verena Süß Self-regulation in European Data Protection Law
Tobias Pauli  Inter-organizational business model interdependencies within the context of 

digitalization
Bastian Haberer Empowering Users in the Data Economy
Jürgen Hahn Sketchable Workspaces and Workfl ows
  
Gruppe B5 (Raum „Edsger Dijkstra“)  
 Michael Schmid Parallel & Concurrent Real-Time Design Patterns
Barbara Eckl Human-Oriented Analysis of Software Developer Networks
Tina Schuh  Constructing a Semantic Map of Source Code Artifacts to Enhance the 

Software Development Process
Alexander Wallis State-of-health estimation of lithium ion batteries  

GRUPPENEINTEILUNG FÜR FELLOWS COACHING

SESSION C
Coaching C1: Christoph Molnar 
(Raum „Alan Turing“)
Coaching C2: Johanna Wald 
(Raum „Margaret Hamilton“)
Coaching C3: Sarah Wunderlich  
(Raum „Konrad Zuse“)
Coaching C4: Oliver Haas 
(Raum „Grace Hopper“)

SESSION D
Coaching D1: Clemens Birkenmeier 
(Raum „Alan Turing“)
Coaching D2: Nina Rohrbach 
(Raum „Margaret Hamilton“)
Coaching D3: Philipp Dufter 
(Raum „Konrad Zuse“)

SESSION E
Coaching E1: Verena Süß 
(Raum „Alan Turing“)
Coaching E2: Jonas Schlund 
(Raum „Margaret Hamilton“)
Coaching E3: Alice Baird 
(Raum „Konrad Zuse“)

PROGRAMM

B1

B2

B3

B4

B5

C D E

GRUPPENEINTEILUNG FÜR POSTERSESSIONS

SEIITTEE  44

STECKBRIEFE 
SEITE 9

SEITE 41
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AUSGEWÄHLTE PUBLIKATIONEN
01.  Zernetsch, S., Kress, V., Sick, B., Doll, K.: Early Start Intention Detection of Cyclists Using Motion History Images and a 

Deep Residual Network, IEEE Intelligent Vehicles Symposium, 2018
02.  Goldhammer, M., Köhler, S., Doll, K., Sick, B.: Track-based Forecasting of Pedestrian Behavior by Polynomial Approximation 

and Multilayer Perceptrons, IntelliSys 2015, Springer International Publishing, 2016
03.  Köhler, S., Goldhammer, M., Bauer, S., Doll, K., et al.: Stationary Detection of the Pedestrian's Intention at Intersections, 

IEEE Intelligent Transportation Systems Magazine, 2013

KURZER LEBENSLAUF
Konrad Doll, Jahrgang 1964, hat an der Technischen Universi-
tät München studiert und 1994 mit Auszeichnung promoviert. 
Dafür erhielt er den Dissertationspreis der Gesellschaft für 
Informatik in dem Bereich „Anwendungen und Implikationen 
der Informatik“. Anschließend war er bei der Motorola GmbH 
beschäftigt. Im Jahr 1997 wurde er an die HAW Aschaff enburg 

berufen. Seit Oktober 2016 hat er die Z.DB Professur „Koope-
rative automatisierte Verkehrssysteme“ inne. Er hat erfolgreich 
mehrere Forschungsprojekte, die sowohl öff entlich als auch 
direkt von der Industrie gefördert wurden, durchgeführt.  Seine 
Forschungsarbeiten wurden mehrfach für Best Paper Awards 
nominiert und ausgezeichnet.

FORSCHUNGSSCHWERPUNKTE 
Individuelle Mobilität ist für unsere Gesellschaft von zentraler 
Bedeutung. Sie hat aber Verkehrsunfälle und den Verbrauch von 
Ressourcen zur Folge. Im Forschungsgebiet kooperative automa-
tisierte Verkehrssysteme geht es darum, diese Nachteile erheb-
lich zu reduzieren. Wir konzentrieren uns auf das automatisierte 
Fahren im urbanen Bereich. Eine besondere Herausforderung 
ist dabei der Umgang mit verletzlichen Verkehrsteilnehmern wie 

Fußgängern und Radfahrern. Wir erforschen Bewegungsmodelle 
dieser Verkehrsteilnehmer, um deren Absichten möglichst früh-
zeitig zu erkennen und um deren Trajektorien zu prädizieren. Für 
die Perzeption und Prädiktion verwenden wir u. a. sowohl analy-
tische Methoden als auch Methoden des maschinellen Lernens, 
kooperative Vorgehensweisen und Sensordatenfusion.

ZD.B Professur
Prof. Dr.-Ing. Konrad Doll
Kooperative automatisierte Verkehrssysteme
Hochschule für angewandte Wissenschaften Aschaff enburg
https://www.h-ab.de/ueber-die-hochschule/organisation/labor/
kooperative-automatisierte-verkehrssysteme/ 

AUSGEWÄHLTE PUBLIKATIONEN
01.  Zhang, R., Amft, O.: Monitoring chewing and eating in free-living using smart eyeglasses, IEEE Journal of Biomedical and 

Health Informatics, 2018
02. Wahl, F., Zhang, R., Freund, M., Amft, O.: Personalizing 3D-printed smart eyeglasses to augment daily life, IEEE Computer, 2017
03.  Altini, M., Casale, P., Penders, J., Amft, O., et al.: Cardiorespiratory fi tness estimation using wearable sensors: Laboratory and 

free-living analysis of context-specifi c submaximal heart rates, Journal of Applied Physiology, 2016

KURZER LEBENSLAUF
Oliver Amft, Jahrgang 1975, hat an der TU Chemnitz Elektrotech-
nik studiert und zwischen 2000 und 2004 R&D und Leitungs-
positionen bei ABB begleitet. 2008 promovierte er an der ETH 
Zürich mit Auszeichnung in den Bereichen Wearable Compu-
ting, Musteranalyse und Biomedizin. Danach folgten Positionen 

als Assistant Professor im Bereich Signalverarbeitung an der 
TU Eindhoven bis 2013 und erster Leiter des W3 Lehrstuhls 
für Sensorik an der Uni Passau. Seit Okt 2017 leitet er den neu 
gegründeten ZD.B Lehrstuhl für Digital Health an der Friedrich 
Alexander Universität Erlangen-Nürnberg.

FORSCHUNGSSCHWERPUNKTE 
Der Lehrstuhl Digital Health forscht an der medizinischen Wis-
sensgewinnung und neuen Markern die durch innovative mo-
bile und ubiquitäre Systeme zur Verhaltens-, Physiologie- und 
Kontexterkennung gewonnen werden, einschließlich der Sen-
sorik, klinische Informationsintegration, Musteranalyse- und 
KI-Algorithmen, sowie volldigitalen Entwicklungsprozessen zur 
Herstellung von integrierten elektronischen Systemen in All-

tagsgegenständen, wie Accessoires und Kleidung. Spezifi sche 
Schwerpunkte des Lehrstuhls sind Algorithmen zur Personali-
sierung von Erkennungs- und Schätzmodellen durch dynamisch 
gewonnene Informationen, die Integration von nicht-überwach-
ten Lernmethoden und Expertenmodellen, sowie Methoden 
zur Personalisierung der Messtechnik (Wearables) mit additiven 
Fertigungsverfahren.

ZD.B Professur
Prof. Dr. Oliver Amft
Digital Health
Friedrich-Alexander-Universität Erlangen-Nürnberg
http://www.cdh.med.fau.de

#Mobile Gesundheit #Ubiquitous Computing #Wearables #Sensorik #Biomedizinische Technik

#Automatisiertes Fahren #verletzliche Verkehrsteilnehmer #Perzeption #Prädiktion #maschinelles Lernen
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AUSGEWÄHLTE PUBLIKATIONEN
01.  Zhang D., Festag A., Fettweis G.: Performance of Generalized Frequency Division Multiplexing Based Physical Layer in 

Vehicular Communication, IEEE Transactions on Vehicular Technology, 2017
02.  Festag A.: Standards for Vehicular Communication – From IEEE 802.11p to 5G, e & i Elektrotechnik und Informationstechnik, 2015
03.  Festag A., Papadimitratos P., Tielert T.: Design and Performance of Secure Geocast for Vehicular Communication, 

IEEE Transactions on Vehicular Technology, 2010

KURZER LEBENSLAUF
Andreas Festag, Jahrgang 1968, studierte Elektrotechnik und 
promovierte im Bereich Telekommunikationsnetze, beides an 
der Technischen Universität Berlin. Danach arbeitete er in ver-
schiedenen Positionen am Heinrich-Hertz-Institut in Berlin, NEC 
Laboratories in Heidelberg, Technischen Universität Dresden 
und Fraunhofer Institut für Verkehrs- und Infrastruktursysteme. 

Prof. Dr. Festag ist seit vielen Jahren in der Standardisierung 
für Car2X aktiv, u.a. im ETSI Technical Committe ITS, im Car-
2-Car Communication Consortium und in der 5G Automotive 
Association. Seit März 2018 ist er Inhaber der ZD.B-Professur 
“Fahrzeugsicherheit und Car2X-Kommunikation” an der Tech-
nischen Hochschule Ingolstadt.

FORSCHUNGSSCHWERPUNKTE 
Der Einsatz von Informations- und Kommunikationstechno-
logien verbessert die Leistungsfähigkeit und die Effi  zienz der 
Verkehrssysteme nachhaltig. Die hochgradige Vernetzung in In-
telligenten Verkehrssystemen ist die Basis für eine Vielzahl von 
Anwendungen. Das Forschungsgebiet Fahrzeugsicherheit und 
Car2X Kommunikation untersucht, wie der Informationsaus-
tausch zwischen Fahrzeugen sowie mit der Verkehrsinfrastruk-

tur zur Erhöhung der Verkehrssicherheit genutzt werden kann. 
Kernthemen umfassen das Design, die Leistungsbewertung 
und die Optimierung der Kommunikationssysteme für Car2X 
Use Cases. Herausforderungen sind der Einsatz von Car2X zur 
Unterstützung der Fahrzeugautomatisierung sowie die Integ-
ration aktiver und passiver Sicherheitsfunktionen im Fahrzeug.

ZD.B Professur
Prof. Dr. Andreas Festag
Fahrzeugsicherheit und Car2X-Kommunikation
Technische Hochschule Ingolstadt
http://bit.ly/Andreas_Festag

#Fahrzeugsicherheit #Vernetzung #Car2X #ITS-G5 #Cellular V2X 

AUSGEWÄHLTE PUBLIKATIONEN
01.  Grubert, J., Langlotz, T., Zollmann, S., Regenbrecht, H.: Towards pervasive augmented reality: Context-awareness in augmen-

ted reality, IEEE transactions on visualization and computer graphics, 23(6), 2017
02.  Grubert, J., Kranz, M.: Headphones: Ad hoc mobile multi-display environments through head tracking, CHI Conference on 

Human Factors in Computing Systems, 2017
03.  Grubert, J., Heinisch, M., Quigley, A., Schmalstieg, D.: Multifi : Multi fi delity interaction with displays on and around the body, 

33rd Annual ACM Conference on Human Factors in Computing Systems, 2015

KURZER LEBENSLAUF
Jens Grubert, Jahrgang 1983, ist seit 2016 Professor für Mensch-
Maschine-Interaktion im Internet der Dinge an der Hochschule 
Coburg. Zuvor arbeitete als Post-Doc an der Universität Pas-
sau. Er promovierte 2015 mit Auszeichnung bei Prof. Dr. Dieter 
Schmalstieg im Bereich Augmented Reality an der Technischen 
Universität Graz, Österreich und erhielt sein Diplom der Com-

putervisualistik mit Auszeichnung an der Otto-von-Guericke 
Universität Magdeburg. Seine akademischen und industriellen 
Erfahrungen resultierten in über 50 begutachteten Publika-
tionen und Patenten, darunter ein Praxisbuch zum Thema AR 
Entwicklung für Android.

ZD.B Professur
Prof. Dr. Jens Grubert
Mensch-Maschine-Interaktion im 
Internet der Dinge
Hochschule für Angewandte Wissenschaften Coburg
https://www.mixedrealitylab.de

FORSCHUNGSSCHWERPUNKTE 
Die stetig steigende Anzahl an smarten Geräten sowie überall 
und ständig verfügbaren digitalen Informationen verlangen 
nach neuen Mitteln diese für Menschen zugänglich und nutz-
bar zu machen. Die Gruppe von Prof. Dr. Jens Grubert erforscht 
Grundlagen und Anwendungen der vermischten Realität (Mixed 
Reality) mit seinen Ausprägungen der erweiterten Realität (Aug-
mented Reality, AR) und der virtuellen Realität (Virtual Reality, 

VR) um mittels diesen mit teils physisch – teils digitalen Pro-
dukten und Dienstleistungen interagieren zu können. Beispiele 
umfassen den Einsatz der AR für die Fernwartung im Maschi-
nenbau, das effi  ziente Training von Handlungsabläufen mittels 
AR/VR in Industrieanlagen oder die Erforschung des virtuellen 
Büros der Zukunft.

#Augmented Reality #Virtual Reality #Computer Vision #Human-Computer-Interaction #Smart Glasses

12 | STECKBRIEFE STECKBRIEFE | 13

STECKBRIEFE STECKBRIEFE



AUSGEWÄHLTE PUBLIKATIONEN
01.  Grube T., Hauke S., Daubert J., Mühlhäuser M.: Ant Colony Optimisation - A Solution to Effi  cient Anonymous Group 

Communication?, 14th Annual IEEE Consumer Communications & Networking Conference (CCNC), 2017 
02.  Garcia Cordero C., Hauke S., Mühlhäuser M., Fischer M.:  Analyzing Flow-based Anomaly Intrusion Detection using 

Replicator Neural Networks, 14th Annual Conference on Privacy, Security and Trust (PST), 2016
03.  Hauke S., Biedermann S., Mühlhäuser M., Heider D.: On the Application of Supervised Machine Learning to 

Trustworthiness Assessment, 12th IEEE International Conference onTrust, Security and Privacy in Computing and 
Communications (IEEE TrustCom-13), 2013

KURZER LEBENSLAUF
Sascha Hauke, Jahrgang 1977, hat an der Westfälischen Wil-
helms-Universität Münster Informatik studiert. Nach einem For-
schungsaufenthalt an der University of New Brunswick, Kanada, 
und Forschungs- und Lehrtätigkeiten an der Fachhochschule 
der Wirtschaft in Bergisch-Gladbach, hat er ab 2011 an der 
Technischen Universität Darmstadt, Fachbereich Informatik, 
bei Prof. Dr. Max Mühlhäuser promoviert (Abschluss 2015 mit 

Auszeichnung). In den Jahren 2016 und 2017 war er Mitgesell-
schafter der compredict GmbH, die 2016 den Hauptpreis und 
den Sonderpreis "Big Data" des Gründerwettbewerbs “Digitale 
Innovation” des BmWI gewann. Seit April 2017 ist er Inhaber 
der ZD.B-Professur “Intelligente Energienetze” an der HAW 
Landshut.

FORSCHUNGSSCHWERPUNKTE 
Die Energiewende stellt uns vor zahlreiche Herausforderungen. 
Um diesen zu begegnen, müssen unsere Stromnetze intelli-
genter werden. Im Forschungsgebiet Intelligente Energienetze 
betrachten wir deshalb, wie Stromerzeugung, -speicherung und 
-verteilung durch Methoden der Informatik und der IT effi  zien-
ter, zuverlässiger und sicherer und gestaltet werden können. 
Hierzu nutzen wir zum Beispiel Verfahren des maschinellen 

Lernens zur Vorhersage von Komponentenlebensdauern, wie 
zum Beispiel der Restlebenszeit von Batterien, oder Produkti-
ons- und Verbrauchsprognose in Netzen mit verteilter Strom-
erzeugung. Eine besondere Herausforderung liegt dabei darin, 
dass bestehende, gewachsene Infrastrukturen berücksichtigt 
werden müssen und diese nur in stark begrenztem Umfang 
verändert werden können. 

ZD.B Professur
Prof. Dr. Sascha Hauke
Intelligente Energienetze
Hochschule für angewandte Wissenschaften Landshut
http://bit.ly/Sascha_Hauke

#Smart Grid #Security & Safety #Strom #Netze

AUSGEWÄHLTE PUBLIKATIONEN
01.  Maass, M., Wichmann, P., Herrmann,D.: PrivacyScore: Improving Privacy and Security via Crowd-Sourced Benchmarks of 

Websites, ENISA Annual Privacy Forum, 2017
02.  Herrmann, D., Lindemann, J.: Obtaining personal data and asking for erasure: Do app vendors and website owners honour 

your privacy rights?, GI SICHERHEIT 2016: Sicherheit – Schutz und Zuverlässigkeit, 2016
03.  Kirchler, M., Herrmann, D., Lindemann, J., Kloft, M.: Tracked Without a Trace: Linking Sessions of Users by Unsupervised 

Learning of Patterns in Their DNS Traffi  c, 9th ACM Workshop on Artifi cial Intelligence and Security (AISec), co-located with the 
23rd ACM Conference on Computer and Communications (CCS), 2016

KURZER LEBENSLAUF
Dominik Herrmann, Jahrgang 1983, hat an der Universität Re-
gensburg und am University College Dublin Wirtschaftsinfor-
matik studiert. Ab 2008 arbeitete er als Wissenschaftlicher Mit-
arbeiter in Regensburg, später an der Universität Hamburg. 
Herrmann hat über die Privatsphäre im Domain Name Sys-
tem promoviert (Abschluss 2014, ausgezeichnet u.a. mit dem 
GI-Dissertationspreis der Gesellschaft für Informatik). Danach 

vertrat er eine Professur für IT-Sicherheitsmanagement an der 
Universität Siegen (2015–2017). Seit Oktober 2017 baut er den 
ZD.B-Informatiklehrstuhl für Privatsphäre und Sicherheit in 
Informationssystemen an der Universität Bamberg auf. Herr-
mann engagiert sich als einer der Junior Fellows in der GI, u.a. 
als Herausgeber des Newsletters „GI-Radar“.

FORSCHUNGSSCHWERPUNKTE 
Informationssysteme durchdringen unseren Alltag. Eine an-
gemessene Absicherung der verarbeiteten Daten und der 
Systeme ist entscheidend. Dennoch werden kontinuierlich Si-
cherheitslücken entdeckt, die entweder aus Unkenntnis und 
Unfähigkeit oder aber durch Nachlässigkeit entstehen. Es feh-
len wirksame Anreize, Sicherheit und Datenschutz ernst zu 
nehmen. Zudem fällt es Nutzern immer schwerer, Sicherheit 

und Folgen abzuschätzen – es mangelt an Transparenz. Wir er-
forschen daher, wie sich Informationssystemen mit gut benutz-
baren technischen Mechanismen absichern lassen. Darüber 
hinaus analysieren wir existierende Systeme und stellen die Er-
gebnisse leicht nachvollziehbar dar (z.B. auf PrivacyScore.org). 
Dabei kooperieren wir mit Arbeitsgruppen aus dem Bereich des 
maschinellen Lernens, Rechtswissenschaftlern, und Ethikern.

ZD.B Professur
Prof. Dr. Dominik Herrmann
Privatsphäre und Sicherheit 
in Informationssystemen
Otto-Friedrich Universität Bamberg
https://www.uni-bamberg.de/psi/ 

#Privacy Enhancing Technologies #Traffi  c Analysis #Web Security #Usable Privacy
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AUSGEWÄHLTE PUBLIKATIONEN
01.  Breuker, D., Matzner, M., Delfmann, P., Becker, J.: Comprehensible Predictive Models for Business Processes, MIS Quarterly, 2016
02.  Beverungen, D., Müller, O., Matzner, M., Mendling, J., vom Brocke, J.: Conceptualizing Smart Service Systems, 

Electronic Markets, 2017
03.  Matzner, M., Büttgen, M., Demirkan, H., Neely, A. et al.: Digital Transformation in Service Management,

Journal of Service Management Research, 2018

KURZER LEBENSLAUF
Martin Matzner, Jahrgang 1982, ist Professor für Wirtschafts-
informatik und Inhaber des Lehrstuhls für Digital Industrial 
Service Systems an der FAU Erlangen-Nürnberg. 2012 wur-
de er für seine Arbeit zum Geschäftsprozessmanagement in 
Service-Netzwerken an der WWU Münster promoviert. 2016 
erhielt er die Habilitation für Forschungsarbeiten zu Predicti-
ve-Process-Mining. In diesen Bereichen hat er eine Vielzahl an 

Forschungsprojekten durchgeführt, die durch EU, Bund, Län-
der und Unternehmen fi nanziert wurden. Er hat mehr als 80 
Forschungsartikel und Konferenzartikel veröff entlich, die unter 
anderem in MIS Quarterly und IEEE Transactions on Enginee-
ring Management erschienen sind. Er ist Mitherausgeber des 
Journal of Service Management Research.  

FORSCHUNGSSCHWERPUNKTE 
Wir entwerfen Methoden und Werkzeuge für die Entwicklung 
und den Betrieb informationstechnikbasierter Dienstleis-
tungssysteme, insbesondere in der Industrie. Dazu nutzen 
wir Techniken des Geschäftsprozessmanagements und der 
Informationsmodellierung. Unsere Forschungsgebiete umfas-
sen analytische Anwendungen des Geschäftsprozessmanage-

ments, Service Engineering und Service Management sowie 
Informationsmodellierung. Die in unserer Forschung erzielten 
Ergebnisse sollen unmittelbare Beiträge zur Lösung konkreter 
betrieblicher Probleme und gesellschaftlicher Herausforderun-
gen leisten.

ZD.B Professur
Prof. Dr. Martin Matzner
Digital Industrial Service Systems
Friedrich-Alexander-Universität Erlangen-Nürnberg
https://www.is.rw.fau.de

#Smart Service #Service Engineering #Business Process Management (BPM) #Process Mining #Robotic Process Automation (RPA)

ZD.B Professur
Prof. Dr. Jürgen Mottok
Safe and Secure Systems of Systems
Ostbayerische Technische Hochschule Regensburg
www.las3.de

AUSGEWÄHLTE PUBLIKATIONEN
01.  Osinski, L., Langer, T., Mottok, J.: A Survey of Fault Tolerance Approaches at Diff erent Architecture Levels, 30th International 

Conference on Architecture of Computing Systems, 2017
02.  Krämer, S., Raab, P., Mottok, J., Racek, S.: Comparison of Enhanced Markov Models and Discrete Event Simulation, 17th Euro-

micro Conference on Digital System Design (DSD), 2014
03.  Sailer, A., Deubzer, M., Lüttgen, G., Mottok, J.: CoreTAna: A Trace Analyzer for Reverse Engineering Real-Time Software, IEEE 

23rd International Conference on Software Analysis, Evolution, and Reengineering (SANER), 2016

KURZER LEBENSLAUF
ZD.B-Forschungsprofessor Dr. Jürgen Mottok lehrt seit 2004 
Informatik an der OTH Regensburg. Seine Lehrgebiete sind 
Software Engineering, Programmiersprachen, Echtzeitsyste-
me, Functional Safety und IT-Security. Er leitet wissenschaftlich 
das Laboratory for Safe and Secure Systems (LaS³) in Regens-
burg, ist Vorstandsmitglied des Bavarian Cluster of IT Security 
and Safety, fi rmiert als Beirat des Automotive Forum Sicherheit 
Software Systeme sowie als Beirat des ASQF Safety, ist Mit-
glied des Leitungsgremiums der Regionalgruppe Ostbayern 
der Gesellschaft für Informatik, wirkt als Organisator des Fach-
didaktik-Arbeitskreises Software Engineering der Bayerischen 

Hochschulen, zeichnet verantwortlich als Vorsitzender des 
Lehren von Software Engineering e.V. (LeSE e.V.) und als Pro-
jektleiter mit zahlreichen kooperativen Promotionsverfahren. 
Jürgen Mottok ist in Programmkomitees zahlreicher wissen-
schaftlicher Konferenzen vertreten. Er ist Träger des Preises für 
herausragende Lehre, der vom Bayerischen Staatsministerium 
für Wissenschaft, Forschung und Kunst im Jahr 2010 vergeben 
wurde. Am 04.12.2015 wurde Prof. Dr. Jürgen Mottok der „Preis 
für besondere Leistungen bei der Zusammenarbeit zwischen 
Wirtschaft und Wissenschaft“ verliehen.

FORSCHUNGSSCHWERPUNKTE 
Das Laboratory for Safe and Secure Systems (LaS³) ist ein For-
schungscluster der Ostbayerischen Technischen Hochschule 
Regensburg. Es wurde 2005 an der damaligen Fachhochschu-
le Regensburg gegründet und wurde initial durch die Projekt-
förderung FHprofUnt der Bundesrepublik Deutschland sowie 
durch das Programm Strukturimpuls des Bayerischen Staatsmi-
nisteriums für Wissenschaft, Forschung und Kunst unterstützt. 

Das LaS³ sieht sich als Mediator zwischen Wissenschaft und An-
wendung. Das LaS³ hat derzeit 15 Doktoranden und 10 Studie-
rende des Masterstudiengangs „Master of Applied Research“. In 
der Vergangenheit wurden bereits etliche Forschungsprojekte 
aus öff entlichen als auch aus privaten Drittmitteln erfolgreich 
durchgeführt. Das LaS³ der OTH Regensburg steht als Innovator 
für „Safe and Secure Systems”.

#Software Engineering #Functional Safety 
#IT-Security #Real-Time Systems 
#Software Engineering Education
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AUSGEWÄHLTE PUBLIKATIONEN
01.  Müller, J., Oulasvirta, A., Murray-Smith, R.: Control Theoretic Models of Pointing, ACM Transactions on Computer-Human 

Interaction, 2017
02.  Müller, J., Geier, M., Dicke, C, Spors, S.: The BoomRoom: Mid-air Direct Interaction with Virtual Sound Sources, 

SIGCHI Conference on Human Factors in Computing Systems, 2014
03.  Fender, A., Herholz, P., Alexa, M., Müller, J.: OptiSpace: Automated Placement of Interactive 3D Projection Mapping Content, 

CHI Conference on Human Factors in Computing Systems, 2018

KURZER LEBENSLAUF
Jörg Müller, Jahrgang 1980, hat an der Albert-Ludwigs-Univer-
sität Freiburg und der Universität des Saarlandes Informatik 
studiert und an der Universität Münster promoviert. Danach 
arbeitete er als Senior Researcher an den Deutsche Telekom 
Laboratories in Berlin, sowie ab 2012 als Gastprofessor am 

Alexander von Humboldt Institut für Internet und Gesellschaft 
in Berlin. 2014 wurde er Associate Professor an der Universi-
tät Aarhus in Dänemark. Seit August 2017 ist er Inhaber der 
ZD.B-Professur „Serious Games“ an der Universität Bayreuth. 

FORSCHUNGSSCHWERPUNKTE 
Der Lehrstuhl für Serious Games beschäftigt sich hauptsäch-
lich mit der Interaktion zwischen Mensch und Computern, 
mit Computerspielen und Serious Games. Unsere primären 
Forschungsgebiete sind die Modellierung, Simulation und 

Optimierung der Mensch-Computer Interaktion mithilfe von 
dynamischen Systemmodellen, sowie biomechanische Simu-
lation der Mensch-Computer Interaktion, Ultraschall-Levita-
tionsschnittstellen und erweiterte sowie virtuellen Realität. 

ZD.B Professur
Prof. Dr. Jörg Müller
Serious Games
Universität Bayreuth
http://www.ai8.uni-bayreuth.de/de/index.html

#Serious Games #Mensch-Computer-Interaktion #Ultraschall-Levitation #Erweiterte und Virtuelle Realität

AUSGEWÄHLTE PUBLIKATIONEN
01.  Müller, N. H., Liebold, B., Pietschmann, D., Ohler, P., Rosenthal, P.: Visualizations for Hierarchical Data: 

Analyzing User Behavior and Performance with Eye Tracking, International Journal on advances in Software, 2017
02.  Rosenthal, P., Pfeiff er, L., Müller, N.H., Valtin, G.: The Long Way to Intuitive Visual Analysis of Air Traffi  c Control Data, 

Chapter 11, In: Visual Analytics for Management: Translational Science and Applications in Practice, Routledge, 2016
03.  Pfeiff er, L., Valtin, G., Müller, N. H., Rosenthal, P.: The Mental Organization of Air Traffi  c and its Implications to an Emotion 

Sensitive Assistance System, International Journal On Advances in Life Sciences, 2016

KURZER LEBENSLAUF
Nicholas Müller promovierte 2010 an der Professur E-Learning 
der Technischen Universität Chemnitz. Anschließend arbeite-
te er bei Accenture als Senior Learning Consultant und wech-
selte 2012 an die TU Chemnitz, wo er 2016 an der Professur 
Medienpsychologie habilitierte. In verschiedenen interdiszipli-
nären Projekten arbeitete er u.a. an der Simulation von Emo-
tionsvalenzen sowie in Zusammenarbeit mit der Deutschen 

Flugsicherung an einem Modell zur Berechnung kognitiver 
Arbeitsbelastungen von Fluglotsen. Ferner unterstützte er das 
DFG-Graduiertenkolleg „CrossWorlds“ und initiierte die Ent-
wicklung von nonverbalen Mensch-Computer-Inputkanälen im 
Projekt „Human-Responsive-Design“. Darüber hinaus konnte er 
als Start-Up-Mentor bereits zwei EXIST-geförderte Gründungen 
realisieren.

FORSCHUNGSSCHWERPUNKTE 
Die Professur Sozioinformatik beschäftigt sich anhand empiri-
scher Methoden mit den Herausforderungen der Mensch-Com-
puter-Interaktion sowie der Digitalisierung. Dazu werden u.a. 
Untersuchungen mittels der Erfassung physiologischer Para-
meter wie der Hautleitfähigkeit, Herzratenvariabilität oder 
Augenbewegungen durchgeführt und die empirischen Frage-
stellungen über eine methodische Triangulation sowohl quan-

titativ als auch qualitativ analysiert. Darüber hinaus werden 
an der Professur Untersuchungen zu neuen Eingabekanälen, 
wie der Pupillometrie, zur Messung der kognitiven Belastung 
durchgeführt, virtuelle Realitätserfahrungen durch die Imple-
mentierung von Eye-Tracking optimiert und neue Ansätze zur 
digitalen Unterstützung von Maschinenreparaturen mittels 
holografi scher Darstellungsgeräte entwickelt. 

ZD.B Professur
Prof. Dr. Nicholas H. Müller
Sozioinformatik und gesellschaftliche 
Aspekte der Digitalisierung
Hochschule für angewandte Wissenschaften Würzburg-Schweinfurt
https://fi w.fhws.de/fakultaet-iw/personen/details/person/
prof-dr-nicholas-mueller.html

#Sozioinformatik #Digitalisierung #Medienwirkung #Physiologische Messungen #Mensch-Computer-Interaktion
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AUSGEWÄHLTE PUBLIKATIONEN
01.  Muxel, A.: Der Aufstand der Dinge, S. 51ff , In: Beseelte Dinge – Design aus Perspektive des Animismus, transcript Verlag, 

Bielefeld 2016
02.  Muxel, A., Nawrath, M., Scherffi  g, L., Trogemann, G.: Experimente, S. 29ff , In: Code und Material – Exkursionen ins 

Undenkliche, Springer-Verlag, Wien 2010
03.  Strauss, W., Fleischmann, M., Muxel, M., Denzinger, J., Himmel, A.: Matrix-Lupe. Design-Präsentation: Navigation und 

Visualisierung, Proceedings Mensch und Computer, 2006

KURZER LEBENSLAUF
Andreas Muxel, Jahrgang 1979 studierte Kommunikationsde-
sign an der Fachhochschule Vorarlberg und Mediale Künste an 
der Kunsthochschule für Medien Köln. Seine Projekte an der 
Schnittstelle von Design, Kunst und Wissenschaft wurden be-
reits vielfach international ausgestellt und ausgezeichnet (u.a. 
Ars Electronica Festival Linz, FILE Festival São Paulo, TodaysArt 
Festival Brüssel, VIDA Award Madrid, Share Price Turin). 2015 

Gründung des Design Studios NEOANALOG mit Schwerpunkt 
Entwicklung und Gestaltung hybrider Artefakte und Räume. 
Von 2013 bis 2017 war Andreas Muxel Professor für Interface 
Design an der Köln International School of Design der TH Köln. 
Seit September 2017 ist er Inhaber der ZD.B-Professur “Physical 
Human-Machine Interfaces” an der Fakultät für Gestaltung der 
Hochschule Augsburg und leitet dort das HYBRID THINGS LAB.

FORSCHUNGSSCHWERPUNKTE 
War die Rollenverteilung in der Vergangenheit noch klar – der 
Mensch handelt, die Maschine funktioniert – erleben wir im-
mer mehr, dass wir mit den Dingen »mit-funktionieren« und 
diese mit uns »mit-handeln«. So werden wir zukünftig unseren 
Arbeitsraum, Verkehrsraum und Lebensraum mit antizipativen 
und autonomen Systemen teilen. Entsprechende technische 
und rechtliche Rahmenbedingungen stellen immer noch eine 
große Herausforderung dar und werden aktuell kontrovers 

diskutiert. Es gilt hierbei das Vertrauen der Nutzer in neue 
Technologien zu stärken und sinnvolle Kommunikations- und 
Interaktionsformen zwischen Mensch und abstrakter Maschine 
zu etablieren. Im HYBRID THINGS LAB werden zukünftige Sze-
narien schon heute erlebbar gemacht, um potenzielle Anwen-
dungsgebiete im jeweiligen Kontext zu bewerten und mögliche 
Chancen, aber auch Risiken aufzuzeigen. 

ZD.B Professur
Prof. Andreas Muxel
Physical Human-Machine Interfaces
Hochschule für angewandte Wissenschaften Augsburg
https://hybridthings.hs-augsburg.de

#Mensch-Maschine-Schnittstellen #Mensch-Roboter-Kollaboration #Internet der Dinge #Tangible Interaction 
#Aff ective Computing

#Medizintechnik #Gesundheitswirtschaft #Mensch-Maschine-Interaktion #Mustererkennung #Künstliche Intelligenz

ZD.B Professur
Prof. Dr.-Ing. Eva Rothgang
Digitale Prozessketten in der medizinischen 
Versorgung und Medizintechnik
Ostbayerische Technische Hochschule Amberg-Weiden
https://www.oth-aw.de/rothgang

AUSGEWÄHLTE PUBLIKATIONEN
01.  Denck, J., Landschütz, W., Rothgang, E., et al.: Automated Billing Code Prediction from MRI Log Data, Joint Annual Meeting 

ISMRM-ESMRMB, 2018
02.  Overduin, C.G., Heidkamp, J., Rothgang, E., et al.: Fast 3-T MR-guided transrectal prostate biopsy using an in-room tablet 

device for needle guide alignment: a feasibility study, European Radiology, 2018
03.  Rothgang, E., Gilson, W.D., Wacker, F., et al.: Rapid freehand MR-guided percutaneous needle interventions: an image-based 

approach to improve workfl ow and feasibility, Journal of Magnetic Resonance Imaging, 37(5), 2013

KURZER LEBENSLAUF
Eva Rothgang, Jahrgang 1982, hat an der Universität Ulm und 
University of Essex, Großbritannien, Informatik mit Schwer-
punkt Medizin studiert. Ihre Promotion (Doktorvater Prof. 
Hornegger, Lehrstuhl für Mustererkennung, FAU) führte sie an-
schließend an das Center for Applied Medical Imaging (Siemens 
Corporate Research), das in die Radiologie des Johns Hopkins 
Hospital in Baltimore (MD), Vereinigte Staaten, eingebettet ist. 

Seit Anfang 2012 hat Eva Rothgang in verschiedenen Stationen 
bei Siemens in der Medizintechnik gearbeitet und zuletzt das 
Kompetenzzentrum zum Thema Workfl ow im Geschäftsgebiet 
MR geleitet. Seit Mai 2017 ist sie Inhaberin der ZD.B Professur 
„Digitale Prozessketten in der medizinischen Versorgung und 
Medizintechnik“ an der OTH Amberg-Weiden.

FORSCHUNGSSCHWERPUNKTE 
Digitalisierung bietet enorme Potentiale für ein effi  zientes Ge-
sundheitssystem und eine individuelle Patientenversorgung. 
Ein Schwerpunkt ist hier die Vernetzung von Daten und daraus 
resultierend die Generierung von neuartigen Erkenntnissen/ 

Prozessschritten. Um dabei nutzerzentrierte Entwicklung op-
timal umsetzen zu können, wird aktuell ein User Research & 
Usability Labor mit Fokus auf Medizintechnik an der OTH-AW 
aufgebaut.
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ZD.B Professur
Prof. Dr. Albrecht Schmidt
Human-Centered Ubiquitous Media
Ludwig-Maximilians-Universität München
https://www.um.informatik.uni-muenchen.de

AUSGEWÄHLTE PUBLIKATIONEN
01.  Schmidt, A.: Technologies to Amplify the Mind, IEEE Computer, 50(10), 2017
02.  Schmidt, A., Herrmann, T.: Intervention user interfaces: a new interaction paradigm for automated systems, 

ACM interactions 24, 2017
03.  Karolus, J., Wozniak, P.W., Chuang, L.L., Schmidt, A.: Robust Gaze Features for Enabling Language Profi ciency Awareness, 

CHI Conference on Human Factors in Computing Systems, 2017

KURZER LEBENSLAUF
Albrecht Schmidt hat in Ulm und Manchester Informatik stu-
diert und hat 2003 an der Lancaster University in Großbritan-
nien promoviert. Zu seinen berufl ichen Stationen zählen das 
KIT, das Fraunhofer Institut für Intelligente Informations- und 
Analysesysteme, die Universität Duisburg-Essen, die Universität 
Stuttgart, die Universität Cambridge und Microsoft Research. 
Er beschäftigt sich mit der menschzentrierten Entwicklung 

von Computertechnologie, Software und digitalen Medien. 
Für seine wesentlichen wissenschaftlichen Beiträge in der 
Mensch-Computer-Interaktion wurde er 2018 in die ACM SIG-
CHI Academy aufgenommen. Im Jahr 2016 erhielt er vom Euro-
päischen Forschungsrat (ERC) eine fünfjährige Förderung, um 
digitale Technologien zur Verstärkung menschlicher Kognition 
und Perzeption zu erforschen.

FORSCHUNGSSCHWERPUNKTE 
Durch die Digitalisierung vollzieht sich im Moment ein Umbruch 
in nahezu allen Bereichen unseres Lebens. Menschen nutzen 
digitale Technologien im Privaten wie im Berufl ichen. Kommu-
nikation, Wissenserwerb, Dokumentation, Nachrichten, Musik, 
Fotografi e oder Reiseplanung basieren selbstverständlich auf 
digitaler Technologie. Die Schnittstelle zwischen Mensch und 
digitalen Medien ist allgegenwärtig, und die Einfachheit ihrer 

Benutzung ist die zentrale Herausforderung, welche durch au-
tonome Systeme noch vergrößert wird. Die übergeordnete For-
schungsfrage lautet: Wie können wir menschliche Fähigkeiten 
durch digitale Technologien erweitern? Unser Fokus liegt auf 
der Bearbeitung von kritischen Fragen in der Grundlagenfor-
schung. Im Kontext von Domänen und Anwendungen betrach-
ten wir auch resultierende gesellschaftliche Auswirkungen.

#Mensch-Technik-Interaktion #Intelligente Benutzungsschnittstellen #Virtuelle und erweiterte Realität #Multimodale 
Interaktion #Interaktive Medien

AUSGEWÄHLTE PUBLIKATIONEN
01.  Rudovic, O., Lee, J., Schuller, B.W., et al.: Personalized machine learning for robot perception of aff ect and engagement in 

autism therapy, Science Robotics, AAAS, 2018
02.  Mencattini, A., Mosciano, F., Schuller, B.W., et al.: An emotional modulation model as signature for the identifi cation of 

children developmental disorders, Nature Scientifi c Reports, Nature Publishing Group, 2018 
03.  Trigeorgis, G., Nicolaou, M.A., Zafeiriou, S., Schuller, B.W.: Deep Canonical Time Warping for simultaneous alignment and 

representation learning of sequences, IEEE Transactions on Pattern Analysis and Machine Intelligence, 2018

KURZER LEBENSLAUF
Björn W. Schuller, Jahrgang 1975, schloss Diplom (1999), Pro-
motion (2006) und Habilitation (2012) in EI an der TUM ab. Er 
ist Ordinarius an der Universität Augsburg, Professor für K.I. am 
Imperial College London, mitbegründender Geschäftsführer 
der audEERING GmbH, permanenter Gastprofessor am HIT/
China und Berater von Unternehmen wie GN, HUAWEI und 
Samsung. Frühere Stationen beinhalten Lehrstuhlinhaber an 

der Universität Passau, Wissenschaftler am CNRS bei Paris, der 
Joanneum Research in Graz und Gastprofessuren in Genf und 
Vilnius. Er ist Koautor von 750+ Publikationen (20k Zitierun-
gen, h-Index 66), IEEE Fellow, Senior Member ACM, emeritier-
ter AAAC Präsident sowie Hauptherausgeber des IEEE Journals 
seines Fachgebiets. 

FORSCHUNGSSCHWERPUNKTE 
Hauptforschungsfeld ist die sensor- und wissensbasierte Be-
gleitung und Überprüfung gesundheitsrelevanter Parameter 
bei sportlichen und anderen Aktivitäten. Das Hauptinteresse 
liegt auf der Erfassung, Analyse und Interpretation von Bio-
signalen, wie sie etwa bei der Überwachung der Herzaktivität, 
des Stoff wechsels oder der neuronalen Aktivitäten anfallen. 
Daneben werden auch akustische Parameter (Sprache und 
andere akustische Ereignisse) sowie visuelle Parameter (Ge-

sicht, Gestik, Körpermotorik) in einem realistischen Szenario 
(Alltagsleben) verarbeitet. Ziel dabei sind Applikationen, die ent-
sprechende Parameter erheben und sinnvolle Rückmeldungen 
an den Benutzer geben. Dazu werden neue Algorithmen zur ro-
busten maschinellen Signalverarbeitung und zum maschinellen 
Lernen entwickelt – insbesondere für die vielversprechenden 
tiefen neuronalen Netzwerke. 

ZD.B Professur
Univ.-Prof. mult. Dr. habil. 
Björn W. Schuller
Embedded Intelligence for 
Health Care and Wellbeing
Universität Augsburg, Imperial College London u.A.
https://www.informatik.uni-augsburg.de/lehrstuehle/eihw/

#Mobile Gesundheit #Medizininformatik #Künstliche Intelligenz #Tiefes Lernen #Signalverarbeitung
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AUSGEWÄHLTE PUBLIKATIONEN
01.  van Wagensveld, R., Wägemann, T., Hehenkamp, N., Tavakoli Kolagari, et al.: Intra-Task Parallelism in Automotive Real-Time 

Systems, 9th International Workshop on Programming Models and Applications for Multicores and Manycores (PMAM), 2018
02.  Wägemann, T., Tavakoli Kolagari, R., Schmid, K.: Optimal Product Line Architectures for the Automotive Industry, S. 119ff , In: 

Modellierung, Bonn: Gesellschaft für Informatik e.V., 2018 
03.  Tavakoli Kolagari, R., Chen D., Lanusse, A., Librino, R., et al.: Model-based Analysis & Engineering of Automotive Architectures 

with EAST-ADL: Revisited, International Journal of Conceptual Structures and Smart Applications (IJCSSA), 2016

KURZER LEBENSLAUF
Prof. Dr. Tavakoli Kolagari ist seit dem Wintersemester 
2011/2012 an der Technischen Hochschule Nürnberg in der 
Fakultät Informatik tätig und vertrat dort zunächst das Lehr-
gebiet Software Engineering. Seit dem Jahr 2017 vertritt er im 
Rahmen einer Professur mit enger Anknüpfung an das Zentrum 
Digitalisierung.Bayern (Garching) das Lehr- und Forschungs-
gebiet Softwareentwicklung für sichere und zuverlässige auto-

nome Fahrzeugsysteme. Das Gebiet umfasst den gesamten Be-
reich von den frühen Phasen der Softwareentwicklung bis zur 
Softwarewiederverwendung und Implementierung. Spezielles 
Augenmerk wird hierbei auf die Qualität im Sinne von Safety 
und Security und auf die Anwendungsfunktionalität autonom 
fahrender Autos gelegt. Auch mehrere Promotionen zum The-
ma Automotive Security werden betreut.

FORSCHUNGSSCHWERPUNKTE 
Unter modernen Fahrzeugsystemen verstehen wir intelligente, 
zuverlässige, sichere und vernetzte Softwaresysteme im Auto-
mobil. Ausgehend von ingenieurstechnischen Fachkenntnissen 
im Bereich Softwareentwicklung Automotive gelingt es uns, 
neue Konzepte und Methoden zu generieren. Dadurch unter-
stützen wir die Umsetzung nachweislich zuverlässiger Software-
systeme im Automobilkontext. Unsere Arbeitsweise orientiert 
sich am Leitgedanken der interdisziplinären Zusammenarbeit, 

insbesondere mit Ingenieuren, Juristen und Technikethikern. 
Zudem kooperieren wir international mit Hochschulen und 
Partnern aus der Automobil- und Softwareindustrie. Unsere 
Studierenden erhalten eine umfassende Ausbildung, die sie be-
fähigt, Lösungen für komplexe Problemstellungen in Forschung 
und Praxis prozessorientiert zu entwickeln. Im Rahmen des 
Service Learning sind wir außerdem bemüht, die Studierenden 
zu gesellschaftlichem Engagement zu bewegen.

ZD.B Professur
Prof. Dr. Ramin Tavakoli Kolagari
Softwareentwicklung für sichere 
und autonome Fahrzeugsysteme
Technische Hochschule Nürnberg
https://www.th-nuernberg.de/fakultaeten/in/forschung/
automotive-software-systems-engineering/

#Autonomes Fahren #modellbasierte Softwareentwicklung #Automotive Software Systems Engineering 
#Software Architektur #Requirements Engineering

AUSGEWÄHLTE PUBLIKATIONEN
01. Alt, F. Müller, J., Schmidt, A.: Advertising on Public Display Networks, IEEE Computer, 2012
02.  Davies, N., Clinch, S., Alt, F.: Pervasive displays: Understanding the future of digital signage, Synthesis Lectures on 

Mobile and Pervasive Computing 8 (1), 2014
03.  Buschek, D., De Luca, A., Alt, F.: Improving Accuracy, Applicability and Usability of Keystroke Biometrics on Mobile 

Touchscreen Devices, 33rd CHI Conference on Human Factor in Computing Systems, 2015

KURZER LEBENSLAUF
Florian Alt ist seit 1. Mai 2018 Professor am Forschungsins-
titut für Cyber-Sicherheit der Universität der Bundeswehr in 
München mit dem Schwerpunkt „Usable Security and Privacy“.  
Davor war er als Juniorprofessor Leiter der ZD.B Nachwuchs-
gruppe „Biometrics++“ an der HAW München und der LMU 
München. Florian Alt hat Medieninformatik studiert und an der 
Universität Stuttgart promoviert. Er hat eineinhalb Jahre in den 

USA als Webentwickler und IT-Spezialist gearbeitet. Florian Alt 
ist General Chair der Konferenz Mobile und Ubiquitous Multi-
media (MUM 2018), Vorsitzender des Programm-Komitees der 
Konferenz `Mensch und Computer 2019‘, Associate Chair der 
ACM SIGCHI Konferenz und Associate Editor der Zeitschrift ACM 
IMWUT und des Magazins IEEE Pervasive Computing.

FORSCHUNGSSCHWERPUNKTE 
Computer sind mittlerweile ein fester Bestandteil unseres täg-
lichen Lebens – sowohl in Form persönlicher Geräte als auch 
eingebettet in unserer Umgebung. Dies ermöglicht es uns, 
jederzeit und überall mit sensitiven Informationen zu inter-
agieren. Zeitgleich stellt uns der sichere Umgang mit solchen 
sensitiven Informationen vor große Herausforderungen beim 
Design sicherer Systeme. In unserer Forschung beschäftigen 

wir uns mit der Rolle des Menschen in sicherheitskritischen 
Umgebungen. Insbesondere entwickeln wir neuartige Konzepte 
und Systeme, welche die stetige Veränderung in der Art wie wir 
mit Computern interagieren, berücksichtigen. Schwerpunkte 
sind verhaltensbiometrische Verfahren, sichere Schnittstellen 
in Smart Homes, neuartige Authentifi zierungsmechanismen 
sowie Benutzerschnittstellen für IT-Sicherheitsexperten.

ZD.B Nachwuchs-
forschungsgruppe
Prof. Dr. Florian Alt
Usable Security and Privacy
Universität der Bundeswehr München
www.fl orian-alt.org

#Mensch-Maschine Interaktion #Ubiquitous Computing #Benutzbare Sicherheit
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AUSGEWÄHLTE PUBLIKATIONEN
01.  Krämer, J., Schnurr, D., Wohlfarth, M.: Winners, Losers, and Facebook: The Role of Social Logins in the Online Advertising 

Ecosystem, Management Science, 2018
02.  Krämer, J., Schnurr, D.: Is There a Need for Platform Neutrality Regulation in the EU? Telecommunications Policy, 42(7), 2018
03.  Horstmann, N., Krämer, J., Schnurr, D.: Number Eff ects and Tacit Collusion in Experimental Oligopolies, Journal of Industrial 

Economics, 2018

KURZER LEBENSLAUF
Daniel Schnurr leitet seit April 2017 die Nachwuchsforschungs-
gruppe Data Policies an der Universität Passau. Er promovier-
te 2016 im Bereich Wirtschaftschaftsinformatik am Karlsruher 
Institut für Technologie, wo er drei Jahre als wissenschaftlicher 
Mitarbeiter am Institut für Informationswirtschaft und Mar-

keting (IISM) arbeitete. Von 2007 bis 2013 studierte Daniel 
Schnurr Informationswirtschaft (B.Sc. & M.Sc.) am Karlsruher 
Institut für Technologie. Er war Gaststudent an der John Mol-
son School of Business, Concordia University (Kanada) und 
der Singapore Management University (Singapur).

FORSCHUNGSSCHWERPUNKTE 
Im Fokus unserer Forschung stehen Daten und deren zentrale 
Rolle für den Wettbewerb in digitalen Märkten. Insbesondere 
beschäftigen wir uns mit der Frage, wie der Zugang zu Daten 
ausgestaltet und geregelt werden sollte. Diese Frage stellt sich 
sowohl für Unternehmen, um im Wettbewerb bestehen zu 
können, als auch auf gesellschaftlicher Ebene mit Blick auf den 
gesamtwirtschaftlichen Ordnungsrahmen. Unser Ziel ist es Maß-

nahmen zu identifi zieren, die geeignet sind langfristig eff ektiven 
Wettbewerb zu sichern und Innovation zu fördern. Mit Hilfe 
spieltheoretischer Modelle, ökonomischer Laborexperimente 
und Simulationen untersuchen wir (Data) Open Access Konzep-
te, Neutralitätsverpfl ichtungen für Unternehmen sowie Maß-
nahmen zur Stärkung der informationellen Selbstbestimmung. 

ZD.B Nachwuchs-
forschungsgruppe
Dr. Daniel Schnurr
Data Neutrality & Open Access: Coherent 
Economic Policies for the Digital Economy
Universität Passau
www.datapolicies.net

#Wettbewerb in digitalen Märkten #Zugang zu Daten #Informationelle Selbstbestimmung #Economics of ICT

AUSGEWÄHLTE PUBLIKATIONEN
01.  Peitek, N., Siegmund, J., Apel, S., Kästner, et al.: A Look into Programmers' Heads, IEEE Transactions on Software 

Engineering (TSE), 2018
02.  Siegmund, J., Siegmund, N., Apel, S.: Views on Internal and External Validity in Empirical Software Engineering, 

IEEE/ACM International Conference on Software Engineering (ICSE), 2015
03.  Joblin, M., Mauerer, W., Apel, S., Siegmund, J., Riehle, D.: From Developer Networks to Verifi ed Communities: 

A Fine-Grained Approach, IEEE/ACM International Conference on Software Engineering (ICSE), 2015

KURZER LEBENSLAUF
Janet Siegmund leitet derzeit die Nachwuchsforschungsgruppe 
PICCARD, gefördert durch das ZD.B, an der Universität Pas-
sau. Sie promovierte 2012 an der Universität Magdeburg und 
ist sowohl Diplom-Psychologin als auch Diplom-Informatike-
rin. In ihrer Forschung beschäftigt sie sich mit der Rolle des 
Faktor Mensch im Software-Engineering. Janet Siegmund hat 

mehr als 30 begutachtete Artikel in Journalen, Konferenzen 
und Workshops veröff entlicht. Sie ist regelmäßig Mitglied in 
Programmkommittees von Konferenzen und Workshops. Von 
2014 bis 2017 war sie im Steering-Committee der International 
Conference on Program Comprehension.

FORSCHUNGSSCHWERPUNKTE 
Software fi ndet sich heutzutage überall: Im Auto, in der Wasch-
maschine, sogar im Kühlschrank. Der Faktor Mensch spielt eine 
wesentliche Rolle beim Entwickeln und Warten dieser Software, 
sodass er den Fokus dieses Projekts bildet. Insbesondere ist die 
Kommunikation und Kollaboration ein entscheidender Faktor 
für den Erfolg oder Misserfolg eines Softwareprojekts, sodass 

wir diese beiden Aspekte im Detail untersuchen. Das Ziel ist 
dabei, Kommunikation und Kollaboration zu verbessern, da-
mit entsprechend individueller Faktoren von Entwicklern und 
Eigenschaften von Softwareprojekten eine optimale Strategie 
angewendet werden kann.

ZD.B Nachwuchs-
forschungsgruppe
Dr.-Ing. Janet Siegmund
PICCARD: Improving Collaboration 
and Communication of Developers
Universität Passau
https://www.infosun.fi m.uni-passau.de/se/people-jsiegmund.php

Softwareentwicklung, Entwicklerkoordination, Netzwerkanalyse
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AUSGEWÄHLTE PUBLIKATIONEN
01.  Wachinger, C.,  Nho, K., Saykin, A., Reuter, M., Rieckmann, A.: A Longitudinal Imaging Genetics Study of Neuroanatomical 

Asymmetry in Alzheimer’s Disease, Biological Psychiatry, 2018
02.  Wachinger, C., Salat, D., Weiner, M., Reuter, M.: Whole-Brain Analysis Reveals Increased Neuroanatomical Asymmetries in 

Dementia for Hippocampus and Amygdala, Brain, 2016
03.  Wachinger, C. Navab, N.: Simultaneous Registration of Multiple Images: Similarity Metrics and Effi  cient Optimization, 

IEEE Transactions on Pattern Analysis and Machine Intelligence (TPAMI), 2013

KURZER LEBENSLAUF
Christian Wachinger, Jahrgang 1982, hat an der TU München 
Informatik studiert und dort bei Prof. Navab promoviert. Er 
hat studienbegleitend das Center for Digital Technology and 
Management besucht und Auslandsstudien an der Ecole Na-
tionale Superieure des Telecommunications und der Princeton 
University absolviert. Als PostDoc war er am Computer Science 

and Artifi cial Intelligence Lab, MIT und am Department of Neu-
rology, Harvard Medical School. Von 2015 bis 2018 vertrat er 
die Professur für neurobiologische Forschung am Klinikum der 
Universität München. Seit 2017 führt er die ZD.B Nachwuchs-
gruppe. 

FORSCHUNGSSCHWERPUNKTE 
Künstliche Intelligenz verändert das Gesundheitswesen. Ins-
besondere medizinische Bilder enthalten umfangreiche Infor-
mationen, die möglicherweise nur teilweise mit bloßem Auge 
erkennbar sind, aber von intelligenten Algorithmen identifi ziert 
werden können. Für das Trainieren solcher Methoden sind al-
lerdings große Datenmengen erforderlich. Gleichzeitig entstan-
den in den letzten Jahren durch groß angelegte Forschungs-

studien und jahrzehntelange Bildgebung in der Klinik riesige 
Bildarchive. Die Analyse solch riesiger Datensätze eröff net viele 
spannende Forschungsfragen, sowohl aus klinischer als auch 
aus technischer Sicht. In enger Zusammenarbeit mit unseren 
klinischen Partnern arbeiten wir an intelligenten Algorithmen 
um diese Fragen zu beantworten.

ZD.B Nachwuchs-
forschungsgruppe
Dr. Christian Wachinger
Computational Population Modeling 
from Big Medical Image Data 
Ludwig-Maximilians-Universität München
www.ai-med.de

AUSGEWÄHLTE PUBLIKATIONEN
01.  Gogoll, J., Uhl, M.: Rage Against the Machine: Automation in the Moral Domain, Journal of Behavioral and Experimental 

Economics, 2018
02.  Ostermaier, A., Uhl, M.: Spot on for Liars! How Public Scrutiny Infl uences Ethical Behavior, PLOS ONE, 2017
03.  Jauernig, J., Uhl, M., Luetge, C.: Competition-induced Punishment of Winners and Losers: Who is the Target?, 

Journal of Economic Psychology, 2016

KURZER LEBENSLAUF
Matthias Uhl studierte zunächst Betriebswirtschaftslehre an 
der Fachhochschule Mainz (2000-2004) und anschließend 
Volkswirtschaftslehre an der Johannes Gutenberg-Universität 
Mainz (2004-2007). Anschließend forschte er am Max-Planck-In-
stitut für Ökonomik in Jena und promovierte 2011 mit einer 
verhaltensökonomischen Arbeit an der Friedrich-Schiller-Uni-

versität Jena. Von März 2012 bis Januar 2017 war er Postdoc am 
Peter-Löscher-Lehrstuhl für Wirtschaftsethik der TU München. 
Seit Februar 2017 ist er Leiter der Nachwuchsgruppe "Ethik 
der Digitalisierung" an der TUM. Weitere Forschungsinteressen 
liegen in den Bereichen der experimentellen Ökonomik, der 
Wirtschaftsethik sowie der Wissenschaftstheorie.

FORSCHUNGSSCHWERPUNKTE 
Die Forschungsgruppe entwickelt konkrete Politikvorschläge 
auf organisatorischer und staatlicher Ebene, die helfen, die 
vielfältigen ethischen Herausforderungen der Digitalisierung 
zu bewältigen. Ein erster Forschungsstrang widmet sich der 
Frage, wie Mensch-Maschine-Interaktionen in einer Welt ge-
staltet werden sollen, in der zahlreiche Entscheidungen mit mo-
ralischen Konsequenzen im digitalen Umfeld getroff en werden. 
Ein zweiter Forschungsstrang konzentriert sich auf gesellschaft-

liche Widerstände gegen die Digitalisierung, die entweder durch 
refl ektierte Urteile oder unbewusste Intuitionen bezüglich des 
Einsatzes von künstlicher Intelligenz in neuen Domänen ver-
ursacht werden. Die Gruppe verwendet empirische Methoden, 
insbesondere ökonomische Experimente, um moralisches Ver-
halten direkt zu beobachten, anstatt sich ausschließlich auf 
hypothetische Aussagen zu verlassen. 

ZD.B Nachwuchs-
forschungsgruppe
Dr. Matthias Uhl
Ethik der Digitalisierung
Technische Universität München
https://www.professoren.tum.de/en/tum-junior-fellows/
u/dr-matthias-uhl/

#Moralisches Handeln #Mensch-Maschine-Interaktionen #Algorithmenethik #Akzeptanzforschung #Experimentelle Ethik #Medical Imaging #AI #Neuro #Big Data
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AUSGEWÄHLTE PUBLIKATIONEN
01.  Wimmer, R., Hennecke, F., Schulz, F., Boring, S., Butz, A., Hußmann, H.: Curve: revisiting the digital desk, 

6th Nordic Conference on Human-Computer Interaction: Extending Boundaries (NordiCHI), 2010
02.  Grosse-Puppendahl, T., Holz, C., Cohn, G., Wimmer, R., Bechtold, O., Hodges, S., Reynolds, M.S., Smith, J.R.: Finding Common 

Ground: A Survey of Capacitive Sensing in Human-Computer Interaction, 2017 CHI Conference on Human Factors in 
Computing Systems (CHI), 2017

03.  Wimmer, R., Hahn, J.: A Concept for Sketchable Workspaces and Workfl ows, Workshop "Rethinking Interaction" in 
Conjunction with CHI, 2018 

KURZER LEBENSLAUF
Raphael Wimmer, geboren 1980, hat an der Ludwig-Maximi-
lians-Universität München Medieninformatik studiert und dort 
2015 bei Prof. Dr. Heinrich Hußmann über Griff mustererken-
nung für die Mensch-Computer-Interaktion promoviert. Seit 
2011 lehrt und forscht er an der Universität Regensburg zur 

Mensch-Computer-Interaktion an der Schnittstelle zwischen 
Computer-Hardware und menschlichen Sinnen. Seit April 2017 
leitet er die ZD.B-Nachwuchsgruppe „Physical-Digital Aff ordan-
ces“ am Institut für Information und Medien, Sprache und Kul-
tur (I:IMSK) der Universität Regensburg. 

FORSCHUNGSSCHWERPUNKTE 
Die Digitalisierung verändert die Arbeit mit Information. Digitale 
Systeme und Werkzeuge ersetzen Papier, Stift und Stempel. 
Hier müssen Entwickler, Designer und Entscheider darauf ach-
ten, dass die ganz eigenen Vorteile papierbasierter kollabo-
rativer Prozesse auch in digitalen Lösungen erhalten bleiben. 
In der ZD.B-Nachwuchsgrupppe „Physical-Digital Aff ordances“ 
untersuchen wir, welche inhärenten Nutzungmöglichkeiten 
(„Aff ordances“) physische und digitale Medien besitzen, und 

wie ihre jeweiligen Stärken in Arbeitsprozessen sinnvoll kom-
biniert werden können. Neben der Forschung an geeigneten 
Hardware- und Software-Architekturen untersuchen wir auch 
in Fallstudien, wie traditionell papierbasierte Arbeitsprozesse 
möglichst benutzerfreundlich digital umgesetzt werden kön-
nen. Ein besonderer Fokus liegt hierbei auf der Arbeit in der 
öff entlichen Verwaltung – einem Sektor, der stark von papier-
basierten Prozessen geprägt ist.

ZD.B Nachwuchs-
forschungsgruppe
Dr. Raphael Wimmer
Physical Aff ordances for Digital Media 
and Workfl ows
Universität Regensburg
https://hci.ur.de

#Mensch-Computer-Interaktion #Digitale Verwaltung #Tangible Interaction #Aff ordances

AUSGEWÄHLTE PUBLIKATIONEN
01.  Cummins, N., Baird, A., Schuller B.: The increasing impact of deep learning on speech analysis for health: 

Challenges and Opportunities, Methods – Special Issue on Translational Data Analytics and Health Informatics, 2018 
02.  Baird, A., Hantke, S., Schuller, B.: Responsible and Representative Multimodal Data Aquisistion: On Auditability, 

Benchmarking, Confi dence, Data-Reliance & Explainability, Language Resource and Evaluation Conference (LREC), 2018
03.  Baird, A., Parada-Cabaleiro, E., Fraser, C., Hantke, S., Schuller, B.: The Perceieved Emotion of Isolated Synthetic Audio – 

A Dataset and Results, Audio Mostly, 2018

KURZER LEBENSLAUF
Alice Baird (geb. 1992 im Vereinigten Königreich), ist ein Fel-
low des ZD.B, betreut von Professor Dr. habil. Björn Schuller 
am ZD.B Lehrstuhl für Embedded Intelligence for Health Care 
and Wellbeing der Universität Augsburg. Zuvor war sie als 
wissenschaftliche Mitarbeiterin für das EU-Horizon 2020-Pro-
jekt DE-ENIGMA als wissenschaftliche Mitarbeiterin an der 

Universität Passau tätig. Ihr interdisziplinärer Forschungs-
schwerpunkt liegt in der intelligenten allgemeinen Audioana-
lyse. 2013 erhielt Alice einen BA der London Metropolitan Uni-
versität und 2016 einen MFA von der Columbia University, 
New York City. Alice hat seit 2016 10+ Co-Autorenschaften zu 
diesem Thema.

FORSCHUNGSSCHWERPUNKTE 
Die „Soundscape“ (die hörbaren Komponenten einer be-
stimmten Umgebung) ist eine Allgegenwart im täglichen Le-
ben. Die Forschung hat jedoch gezeigt, dass Elemente unserer 
akustischen Geräuschkulissen psychologisches Wohlbefi nden 
negativ beeinfl ussen können. Im Rahmen eines dualen Ana-
lyse-Synthese- Ansatzes wird eine technische Anpassung 
dieser angestrebt. Mittels multimodaler Feedback-Analyse 

werden die Vorteile synthetischen Soundscape Designs er-
forscht. Personalisierung der Soundscape erfolgt im Rahmen 
des Einsatzes von Verfahren tiefen Lernens in eingebetteten 
Systemen zur Verbesserung des menschlichen Wohlbefi ndens 
im Alltag. Das Projekt wird Fragestellungen der akustischen 
Wahrnehmung und zur Untersuchung entwickelter Methoden 
zur intelligenten Erstellung von Soundscapes erforschen. 

ZD.B Fellow
Alice Baird 
Ein Embedded-Soundscape-System für 
personalisiertes Wohlbefi nden durch 
multimodale Feedbackanalyse
Universität Augsburg
https://www.informatik.uni-augsburg.de/lehrstuehle/eihw/staff /baird/ 

#Computer Audition #Wellbeing  #Machine Learning
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AUSGEWÄHLTE PUBLIKATIONEN
01.  Birkenmaier, C., Lehle, K., Krenkel, L.: Towards a realistic model of blood viscosity and coagulation in membrane oxygenators, 

7th European Conference on Computational Fluid Dynamics (ECCOMAS ECFD7), 2018
02.  Birkenmaier, C., Philipp, A., Müller, T., Gruber, M., et al.: Detection and analysis of clot deposits in extracorporeal membrane 

oxygenators using high-resolution computed tomography. Perfusion, 33(1), 2018
03.  Birkenmaier, C., Krenkel, L.; Lehle, K.: Linking fl ow conditions in membrane oxygenators to arrangements of multimeric 

von-Willebrand-factor as indication for coagulation, 8th World Congress of Biomechanics (WCB2018), 2018

KURZER LEBENSLAUF
Clemens Birkenmaier, geboren 1989, studierte Maschinenbau 
mit Schwerpunkt numerische Methoden in Konstanz und Re-
gensburg. Stipendien der Studienstiftung des deutschen Volkes 
und der Dr. Jürgen und Irmgard Ulderup-Stiftung ermöglichten 
unter anderem Praktika in der industriellen Forschung sowie 
einen Studien- und Forschungsaufenthalt an der Linköpings 
Universitet (Schweden). Nach der Masterarbeit im Bereich der 

numerischen Strömungsrechnung (ausgezeichnet mit dem 
Preis der Freunde der OTH Regensburg) begann er 2016 als 
wissenschaftlicher Mitarbeiter im Forschungsgebiet Biofl uid-
mechanik bei Prof. Dr. Krenkel an der OTH Regensburg mit 
Fokus auf digitalen Blut- und Atmungsmodellen. Seit Januar 
2018 ist er ZD.B-Fellow an der Universität und OTH Regensburg.

FORSCHUNGSSCHWERPUNKTE 
Warum gerinnt Blut in medizintechnischen Geräten wie Dialy-
satoren oder künstlichen Lungen, obwohl es nach bisherigem 
Verständnis nicht sollte? Ziel ist es, die komplexen Zusammen-
hänge hinter dieser Frage zu verstehen und ein patientenindivi-
duelles Simulationsmodell für das kombinierte Strömungs- und 

Gerinnungsverhalten von Blut in künstlichen Lungen zu ent-
wickeln. Das Projekt wird die Entwicklung besserer Medizin-
produkte mittels virtueller Prototypen ermöglichen und neue 
Wege bei Diagnose und Therapieplanung für die digitale Prä-
zisionsmedizin der Zukunft eröff nen.

ZD.B Fellow
Clemens Birkenmaier 
Realistische Modellierung von Blut in 
patientenspezifi schen digitalen Modellen
Universität Regensburg / OTH Regensburg
https://bfm.rcbe.de/

#Präzisionsmedizin #simulation-based decision support #inter-scale modelling

AUSGEWÄHLTE PUBLIKATIONEN
01.  Dufter, P., et al.: Embedding Learning Through Multilingual Concept Induction, 56th Annual Meeting of the Association for 

Computational Linguistics, 2018

KURZER LEBENSLAUF
Philipp studierte Mathematik an der Technischen Universität 
München mit einem Fokus auf Wahrscheinlichkeitstheorie. Bei 
einem anschließenden Master am Imperial College London be-
schäftigte er sich vorrangig mit stochastischer und robuster 
Optimierung. Neben dem Studium konnte Philipp als Arbeit-
nehmer in der Industrie unter anderem bei Dunnhumby und 

BMW zahlreiche Algorithmen implementieren und so Erfahrun-
gen in Computer Science sammeln. Seit einem Jahr arbeitet er 
mit Methoden des Maschinellen Lernens in der Sprachverarbei-
tung, ein Forschungsgebiet in dem die Themen Wahrschein-
lichkeitstheorie, Optimierung und Computer Science mit einer 
hochaktuellen Anwendung kombiniert werden.

FORSCHUNGSSCHWERPUNKTE 
Zahlreiche Anwendungen in der Sprachverarbeitung benötigen 
große Mengen an – meist manuell – annotierten Daten. Derzeit 
betrachtet die Vielzahl der verwendeten Methoden lediglich 
eine oder zwei Sprachen gleichzeitig, obwohl die Daten oft in 
einer Vielzahl an Sprachen vorliegen. Dieses Forschungsprojekt 
hat zum Ziel, die erforderliche Datenmenge in einer Sprache 

zu reduzieren indem Daten über mehrere Sprachen hinweg ef-
fi zient genutzt werden. In der langen Frist können so Methoden 
nicht nur auf eine größere Anzahl von Sprachen (in denen wenig 
Daten vorhanden sind), sondern auch auf spezialisierte Domä-
nen, die ebenfalls oft einen Mangel an brauchbaren Daten auf-
weisen, angewendet werden. 

ZD.B Fellow
Philipp Dufter 
Eff ektive Nutzung mehrsprachiger Daten 
in der automatisierten Sprachverarbeitung 
Ludwig-Maximilians-Universität München
http://www.cis.lmu.de

#Natural Language Processing #Machine Learning #Deep Learning #Multilinguality
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AUSGEWÄHLTE PUBLIKATIONEN
01.  Molnar, C.: Interpretable Machine Learning, 2018 (Retrieved from https://christophm.github.io/interpretable-ml-book/)
02.  Molnar, C., Casalicchio, G., Bischl, B.: iml: An R package for Interpretable Machine Learning . Journal of Open Source Software, 2018
03.  Casalicchio, G., Molnar, C., Bischl, B.: Visualizing the Feature Importance for Black Box Models, 2018

KURZER LEBENSLAUF
Christoph Molnar hat an der LMU München Statistik studiert. 
Nach dem Studium ist er in die Schweiz ausgewandert, wo er 
drei Jahre lang in der Wirtschaft tätig war, zunächst bei einem 
Start-up im Bankwesen und später in der medizinischen For-
schung. Sein Interesse, maschinelles Lernen interpretierbar zu 

machen, führte ihn dazu ein Buch darüber zu beginnen und 
nach München zurückzukehren, um tiefer in das Thema ein-
zutauchen. Seit Oktober 2017 promoviert Christoph bei Prof. 
Bischl am Institut für Statistik der LMU München auf dem Ge-
biet des interpretierbaren maschinellen Lernens. 

FORSCHUNGSSCHWERPUNKTE 
Maschinelles Lernen ermöglicht es Computern, selbstständig 
aus Daten zu lernen, um Vorhersagen zu treff en, zum Beispiel 
automatische Diagnose basierend auf Patientendaten oder 
Bestimmung der Kreditwürdigkeit basierend auf Kreditausfall-
daten. Die erlernten Entscheidungsmechanismen sind meist 
nicht nachvollziehbar. Im Forschungsgebiet für interpretier-
bares maschinelles Lernen entwickeln wir Methoden, die es 
Menschen ermöglichen, sowohl individuelle Vorhersagen als 

auch das Gesamtverhalten eines Vorhersagemodells zu inter-
pretieren. Wir entwickeln die Methoden mathematisch und 
setzen sie in Software um. Die Herausforderung besteht darin, 
komplexe Vorhersagemodelle auf Kennzahlen (z.B. die Wichtig-
keit einzelner Eingaben) zu reduzieren und für den Menschen 
verständliche Erklärungen zu liefern, ohne Vorhersagemodelle 
zu stark zu vereinfachen.

ZD.B Fellow
Christoph Molnar
Interpretierbares maschinelles Lernen
Ludwig-Maximilians-Universität München
http://www.compstat.statistik.uni-muenchen.de/people/molnar/

#Maschinelles Lernen #Künstliche Intelligenz #Algorithmus

KURZER LEBENSLAUF
Geboren in Nürnberg und aufgewachsen in Fürth, begann die 
akademische Karriere von Oliver Haas 2010 an der FAU Erlan-
gen-Nürnberg. Sein Bachelor- und Masterstudium in Mathema-
tik (mit den Nebenfächern Theoretische Physik und Informatik) 
schloss er 2015 ab, wobei der Schwerpunkt in der Algebrai-
schen Topologie lag. Nach seinem Studium war er für drei Jahre 

in der Softwarebranche tätig, wo er mit der Medizintechnik in 
Berührung kam und viel über Software Engineering und digitale 
Prozessketten im klinischen Umfeld lernte, was schließlich zum 
Thema seiner Forschung geführt hat. Seit Oktober 2018 wird 
die Promotion durch ein ZD.B Fellowship gefördert. 

FORSCHUNGSSCHWERPUNKTE 
Im klinischen Umfeld werden an verschiedenen Stellen Daten 
erhoben und gesammelt. Diese sind stark heterogen, aber den-
noch hochgradig verknüpft. Graphdatenbanken eignen sich 
gut für solche Daten: sie beinhalten heterogene „Datenpunkte“ 
die miteinander verknüpft werden können. Die grundlegende 
Fragestellung ist nun, ob und wie diese klinischen Daten in einer 
Graphdatenbank sinnvoll genutzt werden können, vor allem 

wie die Mitarbeiter der Klinik davon profi tieren können. Denk-
bare Szenarien sind eine graphische Oberfl äche, damit Mit-
arbeiter einfacher an benötigte Informationen kommen oder 
eine Schnittstelle für Auswertungen, um komplexere Fragen 
beantworten. (z. B. „Gab es zu einem Patienten bereits ähnliche 
Patienten? Wie wurden sie behandelt?“)

ZD.B Fellow
Oliver Haas
Digitalisierung im klinischen Umfeld 
mittels Graphdatenbanken
FAU Erlangen-Nürnberg, OTH Amberg-Weiden
https://www.oth-aw.de/informieren-und-entdecken/fakultaeten/
wirtschaftsingenieurwesen/ueber-die-fakultaet-wirtschaftsingenieurwesen/

#Digitalisierung #Graphdatenbanken #klinischer Workfl ow #digitale Medizin
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Conference on Future Energy Systems, 2018 
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9th International Conference on Future Energy Systems, 2018
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KURZER LEBENSLAUF
Nach seinem Abitur 2010 studierte Jonas Schlund Energie-
technik in Erlangen. Für seine Bachelorarbeit 2014 erhielt 
er den Brose-Bachelorpreis. Sein Masterabschluss mit Aus-
zeichnung erfolgte 2016 im Studienschwerpunkt "elektrische 
Energietechnik". Während des Studiums war er am Lehrstuhl 

für Angewandte Mathematik 3 in Erlangen, im Centro Técnico 
de Seat in Martorell sowie bei Siemens in Erlangen und Nürn-
berg tätig. Nach dem Studium entschied er sich als Doktorand 
an der Universität eine Promotion im Bereich der vernetzten 
Energiesysteme anzustreben.

FORSCHUNGSSCHWERPUNKTE 
Ziel des Promotionsvorhabens ist es zu erforschen, wie verteilte 
Assets in einem zukünftigen Stromnetz, welches auf erneu-
erbaren Energien und Speichern basiert, orchestriert werden 
können. Insbesondere auf Verteilnetzebene werden immer 
mehr verteilte und heterogene Erzeuger Erneuerbarer Energien 
sowie Speicher von Privatpersonen oder Firmen installiert, die 
nicht zentral gesteuert werden. Verteilte Ansätze zur Orchest-

rierung, die auf der Kombination von Blockchain-Technologie 
und dem zellularen Ansatz basieren, werden herkömmlichen 
zentralen Lösungen gegenübergestellt. Zudem wird ein quanti-
fi zierbares Bewertungsraster zur Evaluation des ganzheitlichen 
Mehraufwandes der verteilten Ansätze entwickelt und dieses 
für verschiedene Blockchains und die vielversprechendsten 
Anwendungsfälle angewendet.

ZD.B Fellow
Jonas Schlund 
Blockchain-basierte Orchestrierung von 
verteilten Assets im zukünftigen Stromsystem 
Friedrich-Alexander-Universität Erlangen-Nürnberg
http://www7.cs.fau.de/de/
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KURZER LEBENSLAUF
Nina Rohrbach hat aufbauend auf ihr Staatsexamen an der HS 
Osnabrück und der Curtin University Perth, Australien, Physio-
therapie studiert (B.Sc.). Nach klinischer Praxiserfahrung in ver-
schiedenen Einrichtungen (Schwerpunkt Neurorehabilitation) 
hat sie ihren M.Sc. (mit Auszeichnung) in Bewegung und Gesund-
heit an der TUM abgeschlossen. Für ihre Masterarbeit in Koope-
ration mit der ETH Zürich erhielt sie den Dr. Gertrude Krombholz 

Preis. Anschließend forschte sie an der FAU Erlangen zum Thema 
der Verhaltensänderung zur Steigerung körperlicher Aktivität. 
Seit 2017 promoviert Nina am Lehrstuhl für Bewegungswissen-
schaft der TUM bei Prof. Dr. Joachim Hermsdörfer zum Einsatz 
von Mixed Reality Technologie in der Neurorehabilitation. Als 
Visiting Scholar forschte sie kürzlich im Rehabilitation Games & 
Virtual Reality Lab der Northeastern University in Boston, USA.

FORSCHUNGSSCHWERPUNKTE 
Die therapeutischen Möglichkeiten im Bereich der Neurorehabi-
litation sind vielseitig. Hierbei begeistert mich insbesondere die 
Erforschung innovativer Rehabilitationsansätze zur Optimierung 
der motorischen Kontrolle nach Schädigung des Nervensystems, 
z.B. mittels Robotik oder Mixed-Reality-Technologie. Die Entwick-
lung technischer Assistenzsysteme zur Unterstützung von Alltags-
aktivitäten ist komplex, doch haben solche Systeme das enorme 

Potential nachhaltig zur selbstbestimmten Teilhabe und somit zu 
höherer Lebensqualität auch nach chronischer Erkrankung beizu-
tragen. Ich bin davon überzeugt, dass die gewinnbringende Ent-
wicklung digitaler Lösungen und v.a. die Integration dieser in die 
klinische Routine nur im transdisziplinären Team und in Zusam-
menarbeit aller Stakeholder gelingen kann, weshalb ich den par-
tizipativen Forschungsdesigns einen großen Stellenwert zuweise.

ZD.B Fellow
Nina Rohrbach
„Mixed Reality” als ein neuer rehabilitativer 
Ansatz bei Störungen von Alltagshandlungen 
nach chronisch neurologischer Erkrankung
Technische Universität München
https://www.bewegungswissenschaft.sg.tum.de

#Neurorehabilitation #Mixed Reality Technologie #Alltagshandlung #Motorisches Lernen #Assistenzsysteme

#Dezentrale Energieversorgung #Blockchain #Zellularer Ansatz #Erneuerbare Energien
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IEEE Robotics and Automation Letters (RA-L), 2018

KURZER LEBENSLAUF
Johanna ist eine Doktorandin der TUM, die an 3D Szenenver-
ständnis arbeitet. Ihre Forschungsinteressen liegen im Bereich 
(Echtzeit) Computer Vision Algorithmen. Durch die Wahl ihres 
Bachelors, mit Fokus auf Computergrafi k und AR, konnte sie 
sich bereits früh spezialisieren. 2017 beendete sie ihren Master, 

ihre Masterarbeit Real Time Incremental Scene Understanding 
on Google Tango wurde in Kooperation mit Google München 
und dem CV Team am CAMP Lehrstuhl der TUM erstellt. Ihren 
PhD begann sie im September 2017 und ist seit 2018 ein ZD.B 
Fellow.

FORSCHUNGSSCHWERPUNKTE 
Um eff ektive und intuitive Interaktion mit Smart Devices zu 
ermöglichen sind Algorithmen zur Verarbeitung visueller Umge-
bungsinformationen notwendig. Der Fokus unserer Forschung 
liegt deshalb auf der Entwicklung von Methoden zum visuel-
len Verständnis von statischen und dynamischen 3D Szenen. 
Dazu zählt die Extraktion von Objektinformationen z. B. der 

Pose, zugehöriger Objektkategorien sowie der Bestimmung 
der räumlichen, semantischen und temporalen Beziehungen 
der Objekte. Auch die Repräsentation der 3D Daten spielt dabei 
in der Forschungsfrage eine wichtige Rolle um Effi  zienz und 
gleichzeitig gute Ergebnisse zu erhalten.

ZD.B Fellow
Dipl.-Ing. Johanna Wald
3D Szenenverständnis von 
statischen und dynamischen Umgebungen
Technische Hochschule München
campar.in.tum.de/Main/JohannaWald 

KURZER LEBENSLAUF
Verena Süß, geboren 1993, hat an der Universität Bayreuth von 
2012–2017 Rechtswissenschaft mit wirtschaftswissenschaft-
licher Zusatzausbildung studiert. Im Termin 2017/I hat sie die 
Erste Juristische Prüfung abgelegt. Nach einer Tätigkeit als wis-
senschaftliche Mitarbeiterin in der Datenschutzrechtabteilung 

einer internationalen Großkanzlei promoviert sie seit Dezem-
ber 2017 zu dem Arbeitstitel „Selbstregulierung im europäi-
schen Datenschutzrecht“. Seit Januar 2018 wird die Promotion 
durch ein ZD.B Fellowship gefördert.

FORSCHUNGSSCHWERPUNKTE 
Die Digitalisierung stellt den Datenschutz vor neue Herausforde-
rungen. Wie kann angemessen auf die veränderte Gefährdungs-
lage reagiert werden? Als Antwort auf die beobachteten Defi zite 
des herkömmlichen Datenschutzrechts wird das Steuerungskon-
zept der „Regulierten Selbstregulierung“ diskutiert. Nach diesem 
Konzept soll die Wirtschaft dazu veranlasst werden, branchen- 
oder unternehmensbezogene Regelungen zu entwerfen und 
mithilfe privater Kontrollinstanzen durchzusetzen. Es verspricht 

unter anderem, die Akzeptanz bei den Datenschutzverpfl ich-
teten zu erhöhen. Die Datenschutzgrundverordnung sieht mit 
Verhaltensregeln, Zertifi zierungen und verbindlichen internen 
Datenschutzvorschriften (Art. 40f., 42f., 47 DS-GVO) off enbar 
entsprechende Instrumente vor. Inwieweit der europäische 
Datenschutz durch diese Instrumente tatsächlich weiterentwi-
ckelt werden kann, wird im Rahmen des Projektes untersucht.

ZD.B Fellow
Verena Süß 
Selbstregulierung im 
europäischen Datenschutzrecht
Universität Bayreuth

#Datenschutzzertifi zierung #Codes of Conduct #Binding Corporate Rules #Selbstregulierung #Selbstkontrolle

#3D Szenenverständnis #Semantische Segmentierung #Maschinelles Sehen #Robotik #Augmented Reality
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KURZER LEBENSLAUF
Sarah Wunderlich hat an der Hochschule Coburg Informatik 
studiert und arbeitet dort nun als wissenschaftliche Mitarbei-
terin in der Arbeitsgruppe von Professor Dr. Dieter Landes im 
Bereich IT Sicherheit durch Maschinelles Lernen. Während des 
Studiums war sie nebenbei am Fraunhofer IIS tätig und erhielt 
mehrere Stipendien. Ihre Bemühungen, Technikbegeisterung 

in Kindern zu erwecken, wurden 2015 mit einem Förderpreis 
des Stifterverbandes für die Deutsche Wissenschaft ausge-
zeichnet. Ebenfalls war sie bereits als Lehrbeauftragte für das 
Modul "Data Mining" an der Hochschule tätig. Seit Januar 2018 
ist sie Empfängerin eines ZD.B Fellowships.

FORSCHUNGSSCHWERPUNKTE 
Mit der stärkeren Digitalisierung von Unternehmensprozessen 
steigen auch Umfang und Qualität der zu schützenden Daten, 
während zugleich eine deutlich größere Angriff sfl äche für An-
greifer geboten wird. Komplexe Sicherheitslösungen wie In-
trusion Detection Systeme (IDS) fi nden jedoch in kleinen und 
mittelständischen Unternehmen (KMUs) aufgrund von fehlen-
dem Know-how häufi g keine Anwendung. Ziel des Projekts ist 

es ein selbstlernendes und benutzerfreundliches System zu 
entwerfen, welches relevante host-basierte Daten sammelt und 
analysiert, um Angriff e eff ektiv entdecken und eindämmen zu 
können. Zudem sollen die Ergebnisse der Analyse so aufbe-
reitet werden, dass sich das System für KMUs mit geringen 
Personalressourcen und Spezialwissen eignet.

ZD.B Fellow
Sarah Wunderlich 
Selbstadaptierende Online-Analyse hostbasierter 
sicherheitskritischer Ereignisse in Unternehmens-
netzwerken kleiner und mittlerer Unternehmen
Hochschule Coburg, Universität Würzburg
https://www.hs-coburg.de/CIDDS 

#Datenschutzzertifi zierung #Codes of Conduct #Binding Corporate Rules #Selbstregulierung #Selbstkontrolle
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RELATED WORK
The following works have infl uenced aspects of this research project – 
acoustic based emotional analysis [4], multimodal state analysis [5], and 
audio generation [6]. Weninger et al. [4], outline a standardised meth-
odology for acoustic feature extraction with corresponding emotion tar-
gets, showing that for general audio the same methods can be applied 
to diff erent audio streams producing similar results. These results off er 
a foundation to further develop emotional state analysis from acoustic 
domains. Carneiro et al. [5], present a method for monitoring stress in 
smart device users, via mobile-ready sensors. Results from this study 
indicate that monitoring multiple modalities can aff ectively measure 

wellbeing, and reaffi  rming the need for a multimodal approach. Oord et 
al. [6], present a state-of-the-art generative model for raw audio, which 
is able to achieve high fi delity, from raw acoustic audio input. This mod-
el itself will be a core consideration when developing the generation 
network. With these factors in mind, the main contribution and novel-
ty of this research project will be a novel combined analysissynthesis 
approach i.e., multimodal monitoring and audio generation. Moreover, 
improving on the state-of-the-art for synthetic audio generation, and 
acoustic monitoring will represent a strong outcome.

PRELIMINARY RESULTS
A number of publications have been accepted to date in relation to this 
project [4, 9, 10, 11, 12]. In particular, an ethical protocol was laid out for 
multimodal data acquisition and analysis in [7], which heavily informed 
infl uenced the developed data acquisition protocols. Additionally, ethi-
cal approval was obtained from the University of Augsburg Ethics Com-
mission for further data acquisition.
Following this, the Multimodal Stressed Signals (MSS) dataset of 55 indi-
viduals speaking in a stress induced condition has been collected, and 
is currently being processed for further analysis and publication. The 
MSS dataset consists of 2 channel audio, and 2 bio sensor signals, as 

well as self-assessment measurements, and real-time emotion anno-
tation by three individuals. The Emotional Synthetic audio (EmoSynth) 
dataset has also been generated, containing synthetic audio instanc-
es, labelled by 40 individuals for dimensions of valence and arousal. 
This data set has been made public, and initial fi ndings can be found 
in [8]. The gathered MSS dataset will be utilised for multimodal feature 
learning, amongst other machine learning tasks. Generative methods 
to synthesize new instances of audio based on the provided labels of 
the EmoSynth dataset will be explored, and through transfer learning 
methods, labels will be expanded to larger publically available datasets.

PLANNED NEXT STEPS
Next steps include the further analysis of the individual target group, 
with a focus on the effi  cacy of automated approaches for stress pre-

diction from multiple modalities. Additionally, further analysis of the 
synthesis methods, in the context of this user group.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
Currently a broad defi nition of wellbeing has been applied to the end 
user, and the project could benefi t from narrowing this down. Any feed-
back in relation to more specifi c users would be of value to the project. 
As well as this method for audio synthesis through raw modelling au-
dio, may be a somewhat ineffi  cient approach, and having feedback in 

regards to such deep learning methods would be benefi t. Within the 
ZD.B, this project would benefi t from any of the Digital Health initia-
tives, as well as discussion with members of groups such as the LMU, 
Human-Centred Ubiquitous Media Lab.
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INTRODUCTION
The notion of the soundscape was initially considered as an ecological 
concept, in which culture and history can be captured through sound, 
analogous to archival photography. When purposefully designed with 
synthetic audible combinations, the soundscape can augment an envi-
ronment evoking specifi c emotional targets and able to enhance well-
being, independent of cultural background [1, 2]. Conversely, individu-

al wellbeing is an ever present and challenging aspect of modern life, 
and the impact of conditions including stress are gaining prevalence 
[1]. With this in mind, this project is primarily exploring state-of-theart 
computational methods for the generation of synthetic listening expe-
riences to improve monitored wellbeing.

RESEARCH QUESTIONS
The fundamental problem statement for this project is, how syntheti-
cally produced audio can be applied in the context of improving indi-
vidual wellbeing. As well as this, can state-ofthe-art machine learning 
methods be applied for audio generation. Intelligent audio analysis 
(known as Computer Audition) and aff ective computing for health and 
wellbeing are growing fi elds. In particular, deep learning shows great 
promise for monitoring of health conditions via acoustic modalities, e.g. 
speech [2]. As well as this, urban populations are continuing to expand 
and without appropriate forethought, so too will noise pollution. Poorly 
considered sound environments can also have both long- and short-
term implications for mental and physical wellbeing [3]. In this way, al-
though currently focusing on individual monitoring, the outcomes of 
this project can be combined for broader use-cases such as smart city 
infrastructure. Key research questions that this project will explore in-

clude: (1) Which methods for audio synthesis, and which combination 
of audio can be used to improve wellbeing? (2) Which data modality and 
representation is most valuable as a means of monitoring wellbeing? 
(3) Can reinforcement learning from continued self-assessment be ef-
fectively applied to improve the target of audio generation? (4) Can raw 
audio generation, (e.g. via Generative Adversarial Networks) be applied 
for realistic, high-quality and personalised listening experiences? (5) 
Can multimodal monitoring and audio generation be realistically em-
bedded for real-world use, e.g., within smart-devices? To this end, the 
expected contribution of this work would be three-fold; audio synthe-
sis methods to improve wellbeing, multimodal monitoring for states of 
wellbeing, and embedding of computationally expensive methods for 
audio analysis and generation in the real-world.

RESEARCH APPROACH AND METHODOLOGY
This research project takes a pragmatic approach, with initial research 
goals being mostly qualitative, leading to the extraction of acquired 
data for more quantitative analysis. Given the varied aspects of this pro-
ject such an approach is vital, as qualitative observations will aid data 

understanding, which will tune further quantitative computational anal-
ysis. Final evaluation of this project is expected to include a series of 
descriptive case and user studies, to demonstrate the system effi  cacy.

Alice Baird
University of Augsburg, ZD.B Chair of Embedded Intelligence for Health Care and Wellbeing
alice.baird@informatik.uni-augsburg.de
Prof. Dr. Björn Schuller

Soundscape Generation for Wellbeing 
via Multimodal Individual Monitoring
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is available, it is possible to model complex automotive software 
systems with a reasonable degree of security. For our fi rst contribu-
tion we have identifi ed the following requirements for our language 
specifi cation:
•  Classifying attacks and security threats. 
• Defi ning security goals. 
•  Extending the EAST-ADL metamodel with entities to represent ac-

tors and link them to consequences and aff ected modeling entities. 
• Representing the attack vector and all its stages – from attacker to 
breach – to aff ected vehicle features. 

•  A core solution idea for the attack vector handling. Our research 
approach is backed by empirical validation of the results. We used 

Grounded Theory to show that our approach is industry relevant and 
fi ts the needs for automotive software engineering experts and se-
curity experts. Furthermore, we examined the related work, e.g., the 
work of Holm [1], featuring a Cyber Security Modeling Language (Cy-
SeMoL) for enterprise architectures, Mouratidis [2] (Secure Tropos), 
papers such as “Modelbased security engineering for cyber-physical 
systems: Asystematic mapping study” [3], featuring UMLSec which 
allows to express security- relevant information within the diagrams 
in a system specifi cation, INCOSE work on integrating system engi-
neering with system security engineering [4], NIST SP 800-160 and 
other NIST work on cyber-physical systems.

PRELIMINARY RESULTS
The fi rst published result was SAM: A Security Abstraction Model for 
automotive software systems. It is a solution for modeling secure au-
tomotive systems in the early system development phase in order to 
reduce risks connected to late identifi cation of security threats and 
vulnerabilities in the automotive system life cycle. The approach tightly 
couples security management and model-based systems engineering 
by an abstract description of automotive security modeling principles. 
The resulting SAM language specifi cation is based on security require-
ments elicited from common industrial scenarios. It is a suitable solu-
tion for representing attack vectors on vehicles and provides a thor-
ough security modeling for the automotive industry.

By conducting a qualitative analysis in accordance with the method-
ology of Grounded Theory we gathered evidence that our solution is 
relevant to the industry and is conform to the general paradigms of 
automotive software engineering. By improving the identifi cation and 
probing of security attack vectors, we provide a robust foundation for 
automotive security testing. Afterwards, we start a bottom-up approach 
to examine the basic software and communication layers to identify se-
curity fl aws in modern vehicles and try to develop countermeasures, 
which are (cost-)eff ective. The current project is called “aID crypt” and 
enables basic encryption / masking of CAN-Bus messages to prevent 
certain attack vectors against vehicle networks. The concept is devel-
oped and empirically proven through complete induction.

PLANNED NEXT STEPS
Future work will concentrate on implementing the results of our cur-
rent work as a novel application for OEMs to apply and implement se-
curity principles as presented in this paper. For example, the concepts 
and benefi ts of SAM and our work could serve as a motivation for the 
further development of the Adaptive AUTOSAR Platform. Further work 
may also focus on developing an integrated development environ-
ment (IDE) for SAM that performs checks for consistency, complete-
ness and integrity on each SAM-based software project, e.g., in Me-
taEdit+. Ideally, this would validate the scalability of SAM with respect 
to the size and real-world complexity of automotive software and the 

wide range of cyber and physical attacks against it. Furthermore, our 
topdown approach for a functional architecture description provides 
the groundwork for one of the main applications of networked vehi-
cle technology: ECU architectures for highly automated and autono-
mous driving. Another promising approach is the development of the 
“aID-crypt” encryption algorithm to enable authentication of CAN bus 
messages even on cheap hardware platforms without the necessity to 
upgrade existing hardware.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
One unresolved challenge concerning our project is the purchase of 
a real-world vehicle to run testing, e.g., penetration tests, on. Some 
of the described attacks can only be suffi  ciently examined when tried 
on a real vehicle. This is especially important for testing CAN bus net-

works and ECU architectures. We need further external expertise in 
the area of lightweight cryptography and industry processes of the 
automobile domain, e.g., of an OEM.
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INTRODUCTION
Due to the emergence of (semi-)autonomous vehicles and networked 
technologies in the automotive domain, the development of secure and 
reliable vehicles plays an increasingly important role in the protection 
of road users. Safe and secure road transport is a major societal and 
political objective, which is substantiated by the concrete goal of the Eu-
ropean Commission to “move close to zero fatalities in road transport" 
within the next three decades.

One historically often neglected aspect in automotive system develop-
ment is security-by-design, i.e., freedom from maliciously implemented 
threats. In the automotive software industry, model-based engineering 
is the current state of the practice. Instead of integrating security into 
the entire system development process, it currently tends to be an af-
terthought. Because of the tight interdependencies and integration of 
components, the consequences of gaping security fl aws are grave. 

The growing complexity of electrical automotive systems forces original 
equipment manufacturers (OEMs) to have expertise in all software-rel-

evant quality objectives, in particular security, safety and dependability. 
Moreover, the context of the industry is changing and the controllability 
is shifting away from OEMs, i.e., they do not fully control the aftermar-
ket of external components such as smartphones, tablets, infotainment 
systems etc. Nonetheless, they are responsible for providing a common 
platform with secure interfaces to the required exterior components. 
Customers of automobiles ask for reliability, privacy and safety along 
with common convenience features like keyless entry and internet con-
nectivity. In most cases, these convenience features collide with basic 
security principles and ultimately lead to a less secure product. A lack 
of security can eff ectuate safety risks as well as endanger the driver, 
fellow passengers and other road users. Car hacking, route sponsoring 
and even lethal accidents may be the consequence. The manufacturer’s 
reputation is at stake as well. Therefore, it is expedient to provide a plat-
form-independent base for modeling secure software for automotive 
systems.

PROBLEM STATEMENT AND RESEARCH QUESTION
Developing secure automotive systems is a major challenge particu-
larly for intelligent cars acting more as a computer than a traditional 
vehicle. Modern cars are interconnected networks, with potentially 
more than 150 Electronic Control Units (ECUs) in luxury models, com-
municating with each other and with the environment (Car-2-X com-
munication). Attackers do not target cars in the same way they would 
attack standard computer systems; cars use diff erent networks, pro-
tocols and architectures. Countermeasures like fi rewalls do not exist 
for cars, yet. Moreover, cars carry burdensome legacy mechanisms 
with insecure and unencrypted protocols (e.g., CAN, Controller Area 
Network) in their system design and were originally not designed in 
line with today’s security principles. Secure automotive network ar-

chitectures were not prioritized in the past due to the general pre-
conception in the last three decades that cars are secure because of 
their technical complexity (security by obscurity). However, numerous 
attack vectors on cars and their network of ECUs, actuators and sen-
sors exist. In contrast to desktop computers, human lives are directly 
at stake when these “driving computers” are the target of an attack. 
Cyber-attacks should always be considered highly critical when pas-
sengers’ lives are at risk. Today, everybody is fully aware of the neces-
sity to increase the security standard of cars and we are constantly 
reminded of that fact by regular press releases about attacks on cars.

RESEARCH APPROACH AND METHODOLOGY
We are using a top-down approach for developing secure and re-
liable automotive software systems. We start by identifying and 
classifying threats and risks and derive requirements from them. 

The described methods are captured and presented in the form of 
a language specifi cation of automotive industry standards (namely 
AUTOSAR and EAST-ADL) in form of an annex. As soon as this annex 
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PRELIMINARY RESULTS
So far, a possible mechanism for fl ow induced coagulation in mem-
brane oxygenators was identifi ed (these preliminary results were pre-
sented as talks at two conferences and a manuscript is in review). To 
prove the proposed coagulation mechanism, a suitable experiment 
was developed. The feasibility of retrieving relevant information by 
using an improved computed tomography imaging technique was 
demonstrated (a short-communication was published, a poster was 
presented and a manuscript is currently in preparation). Two possible 
modelling approaches for blood viscosity in complex geometries were 

discussed with various experts (a conference talk was given with sub-
sequent extensive discussion).

An important but so far missing fi nding would be the dependency of 
the previously described mechanism on patient’s condition and medi-
cation. An important result would be to bring it down to a small set of 
clinical relevant parameters.

PLANNED NEXT STEPS
A next step is to perform a confi rmatory experiment on the fl ow in-
duced mechanical coagulation pathway and identify model param-
eters. In addition, this process will be simulated using micro-scale 
mechanics computations. To be able to parametrise and validate the 
viscosity modelling approaches, also suitable experiments need to be 
performed. An important step will be the identifi cation of a parameter 
set, describing the relevant dependencies and at the same time being 
part of the clinical every day routine.

However, the information gained from several experiments and from 
clinical data needs to be put into computational models. In order to tie 
up the loose ends, a successful integration into a single computational 
framework is necessary.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
The automated image analysis of immunofl uorescence micrographs 
turned out to be diffi  cult, especially when samples are compromised or 
just sparsely populated. Eff ective analysis of fl uorescence microscopy 
images can be a challenge, where cooperation could be really benefi -
cial. Another topic to be potentially diffi  cult is to implement a satisfy-
ing transition from deterministic to statistical model behaviour due to 
a lack of information or resolution. A further challenge might become 
linking the diff erent modelling approaches (fi nite-volume, lattice-Boltz-
mann, lumped parameter) into one single powerful framework. In this 

fi eld, expertise from the ZD.B crowd would be really appreciated. Tak-
ing into account the enormous number of relevant parameters, provid-
ing eff ective decision support for medication and operating parameters 
of extracorporeal life support systems is a huge challenge. As there is 
missing a deterministic (or even a heuristic) modelling approach, an ar-
tifi cial intelligence based prediction system could bridge this gap. In this 
fi eld, the knowledge of the ZD.B network could help a lot.
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INTRODUCTION
Complex circulatory interventions, such as extra corporeal membrane 
oxygenation, can so far only be a rescue therapy in critically ill patients 
and bear a high risk of complications [1]. Despite all improvements 
and progress, the understanding of blood behaviour in any complex 
artifi cial device (e.g. artifi cial heart or lungs) lacks the knowledge of 

the interaction of blood fl ow, artifi cial device and patient specifi cs. To 
make this broad fi eld and the underlying complex phenomena more 
accessible for physicians making therapy decisions as well as engi-
neers developing artifi cial organs, an effi  cient computational model 
is necessary.

PROBLEM STATEMENT AND RESEARCH QUESTION
Simulation based individual modelling and prediction is becoming in-
creasingly important in the so-called precision medicine. Additionally, 
digital prototyping in industry is already extensively used in product 
development. Both need reliable and economically applicable tools. 
By answering the question why blood is clotting in artifi cial lungs and by 
developing a patient specifi c computational model, a step towards simu-
lation based decision making in therapy is made as well as a key tool 
for reliable digital prototyping of a new generation of extracorporeal 
life support devices is provided. Providing such a model will facilitate 

a better outcome in extracorporeal life support therapy. This project 
establishes the so far missing link between the highly nonlinear vis-
cosity of blood and its mechanical coagulation pathway. Besides an 
improved understanding of nonlinear fl uids in general and method-
ological progress in effi  cient numerical methods, the fi ndings of this 
project will help improving the survival rate of critically ill patients by 
potentially aff ecting clinical guidelines and pave the way for more re-
liable medical devices.

RESEARCH APPROACH AND METHODOLOGY
The conducted work is based on the hypothesis that there is a blood 
coagulation pathway, which is triggered or at least mediated by fl ow 
and besides that only dependent on some parameters, describing pa-
tient’s condition and medication. So far, the exact mechanism behind 
the observed phenomena remained unclear.

At the outset, the clot formation and progression mechanism in mem-
brane oxygenators is investigated in detail using histological methods 
and image analysis tools. From this, a model for the fl ow-mediated 
pathway is drawn. A second step comprises of fi nding and introduc-
ing a suitable numerical viscosity representation, circumventing the 
shortcomings (accuracy, effi  ciency or scalability) of present models. 
For evaluation purposes, micro particle image velocimetry and parti-
cle tracking experiments are used, which requires proper determinis-
tic and statistical image analysis on several levels in time and space. A 
third step consists of combining the two aforementioned models into 
a suitable computational framework in a scalable and effi  cient man-
ner. This is crucial, since the actual application comprises huge cases. 
Additionally, patient specifi cs, found by statistical analysis of relevant 

clinical data and high-resolution computed tomography imaging of 
clinically used oxygenator devices, are implemented.

Using computed tomography imaging in order to get relevant infor-
mation on coagulation status inside membrane oxygenators, Dornia 
[2] has been the fi rst to show its feasibility. In the present project, the 
obviously fundamental lack of imaging resolution is uncovered and 
an improved method will be proposed. The Ku group [3] published 
outstanding research on mechanically triggered coagulation over 
the past decade. However, it seems that they are missing a relevant 
connection, which links their fi ndings to events reported in artifi cial 
lungs. The groups of Hoekstra [4] and Fedosov [5] have put much ef-
fort in computational modelling of blood behaviour in depth and de-
tail. Bringing this accuracy in detail on a more global level makes an 
application to a relevant scenario feasible. This project aims on small 
enhancements in several fi elds, but on a considerable step forward 
in understanding and predicting the phenomenological relevant pro-
cesses, and at the end of the day, making patents’ lives longer (or at 
least a little less worse).
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data sets seem to be a valuable approach for evaluation. However, 
existing labelled data sets are either outdated or cannot be published 
due to privacy reasons. Furthermore, the use of real network traffi  c 
is also problematic, since there are no labels (ground truth) for it and 
attack scenarios cannot be tested in company networks. Therefore, 
the second research topic investigates the generation of labelled fl ow-
based network data. For this purpose, the network of a small busi-
ness company was rebuilt in a virtual environment and normal user 
behaviour is emulated with parameterized Python scripts. Various at-
tack scenarios may be executed in this environment. Since automated 
scripts are used to control normal user behaviour and attack scenari-
os, exact labelling of the captured network traffi  c is feasible.

Furthermore, a new workfl ow for detecting malicious activities within 
fl ow-based network traffi  c has been developed [3]. The main idea of 
this workfl ow is to enrich the fl ow-based data stream with additional 
information. The additional information is directly integrated in the 
analysis algorithms or is provided as an additional data source. In 
contrast to previous work, our workfl ow [3] enriches the data stream 
through aggregations over sliding time windows, includes knowledge 
of domain experts and evaluates the fl ow-based data from three dif-
ferent views. Incorporating domain knowledge and aggregating fl ows 
over time windows allows for the calculation of more meaningful 
features for subsequent analysis algorithms. Overall, this workfl ow 
should improve the detection of novel attacks while simultaneously 
reducing the number of false alarms.

PRELIMINARY RESULTS
Interim results are achieved in all three research areas. For handling 
categorical attributes, two similarity measures ConDist [4, 5] and IP-
2Vec [6] have been developed. While ConDist is a general similarity 
measure for heterogeneous data, IP2Vec is focused on fl ow-based 
network traffi  c. IP2Vec [6] was evaluated on two scenarios: client-serv-
er identifi cation and botnet identifi cation. For both scenarios, initial re-
sults are very promising.

The virtual test environment was used to create the labelled CI-
DDS-001 [7] and CIDDS-002 [8] intrusion detection data sets. Both 

data sets are publicly available and contain normal user behaviour as 
well as diff erent attack scenarios.

Attackers invariably utilize port scans to identify target hosts and net-
works. Consequently, port scans are often indicators of more serious 
attack scenarios. The proposed network-based anomaly detection 
workfl ow [3] was applied for detecting (slow) port scans with good 
results [9].

PLANNED NEXT STEPS
Further steps include the creation of an additional intrusion detection 
data set with improved normal user behaviour as well as more sophis-
ticated attack scenarios. Furthermore, we intend to use deep neural 
networks for the analysis of fl ow-based network traffi  c. While the pro-

posed port scan detection approach [9] was successfully used on at-
tacks in their scanning phase, further research eff ort needs to be spent 
on detecting attacks in the gaining access phase.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
Realistic user simulation is an ongoing research question. Further im-
provements can be made by modelling the exact behaviour of real us-

ers. Feedback on modelling user behaviour would be helpful and could 
be the basis for possible cooperations.
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INTRODUCTION
Cyber attacks against small- and medium-sized companies (SMEs) are 
frequent these days. The increasing digitalization through Industry 
4.0 and other developments exposes SMEs to new threat scenarios. 
Simultaneously, studies indicate that SMEs are becoming increasingly 
aware of cybercrime. Companies usually use various security mech-
anisms like fi rewalls, virus scanners or intrusion detection systems 
(IDS) to protect their confi dential data. However, such systems only 
protect against known attacks from outside and can neither detect, 

nor prevent so-called insider attacks and zero-day exploits. The cryp-
to trojans Locky and WannaCry or the heartbleed bug in OpenSSH are 
well-known examples of zero-day exploits that have caused consid-
erable damage to companies. The dissertation project "Data Mining 
for Network-based Intrusion Detection" investigates the suitability of 
diff erent data mining methods for attack and insider threat detection 
within company networks.

PROBLEM STATEMENT AND RESEARCH QUESTION
Data mining algorithms are successfully applied in various application 
domains. However, the breakthrough in IT security is still missing due 
to the special challenges (e.g. missing publicly available data sets or 
the high cost of false alarms) of this domain [1]. Additionally, new se-
curity systems for SMEs need to easily integrate (preferably without 
additional hardware) into existing IT infrastructures and simultane-
ously respect the privacy of employees. Therefore, this dissertation 
focusses on fl ow-based network traffi  c which can be easily captured 
at network components like fi rewalls and routers without compromis-
ing the privacy of employees.

Company networks have diff erent usage profi les depending on day-to-
day business, and therefore the observed data stream changes contin-
uously. Novel attacks and threats can only be detected if normal user 
behaviour is known for company networks. The challenge is to distin-
guish the change in the data stream (concept drift) from malicious net-
work activities. Therefore, one research question of the dissertation is: 

(1) How to model normal user behaviour for company networks?
A major technical challenge is that fl ow-based network data describe 
network connections (no payload information) and encompass con-
tinuous and categorical attributes. However, basic mathematical op-
erations used in standard data mining algorithms can only be applied 
to continuous attributes since categorical attributes have no natural 
ordering. One question arises in this context which is part of the dis-
sertation: (2) How to use available information of categorical attrib-
utes in standard data mining algorithms? Therefore, the dissertation 
analysis the calculation of meaningful distances between categorical 
attributes and the transformation of categorical attributes into nu-
merical spaces Rn while preserving their semantics.

In addition, the dissertation addresses the evaluation of analysis re-
sults, giving rise to another research question: (3) How to evaluate 
the quality of network-based intrusion detection methods in general?

RESEARCH APPROACH AND METHODOLOGY
The dissertation has three major research topics. The fi rst research 
topic emphasises the handling of categorical attributes. Therefore, 
this research investigates how available context information can be 
used to derive similarities between categorical values. One approach 
is inspired by text mining (Word2Vec [2]) and uses a neural network to 
transform categorical values into a numerical space Rn. The other ap-

proach uses conditional probability distributions of correlated context 
attributes in order to create a similarity matrix between categorical 
values.

The second research topic focusses on the evaluation of net-
work-based intrusion detection methods. Labelled intrusion detection 
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dations are provided. Possible current blockchain solutions considering 
energy transactions are summarized in [6].
In terms of evaluation metrics considering blockchain technology a 
simple fl ow chart is off ered in [7]. However, it is unquantifi ed, not suf-
fi ciently diff erentiated and only applied for use cases outside the ener-
gy sector. A fi rst general evaluation framework for private blockchains 
suggesting possible benchmarks is described in [8]. They conclude that 
there is still a big performance gap between blockchains and current 

databases.
Most of related work aims for showing or implementing possible use 
cases. This PhD-project intends to analyze existing and think of new use 
cases, to develop an unbiased evaluation framework for such use cas-
es, to identify the most suitable DLT designs and to quantify the extra 
eff ort of a DLT-based approach in comparison to centralized approach-
es for the most promising use cases. Therefore, it complements and fi ts 
in well in the overall picture.

PRELIMINARY RESULTS
RQ 1 is partially answered and fi rst ideas considering RQs 2 and 3 are 
summarized in the following. RQ 4 builds upon the previous RQs and 
can thus not yet be tackled.

RQ 1: Considering RQ 1 the use cases of interest have been identifi ed. 
For each use case an always online trusted third party is undesirable 
or disadvantageous, it is necessary to store state and to allow for mul-
tiple and possibly untrusted or unknown writers of data. The identi-
fi ed use cases are clustered into three subgroups.
The fi rst subgroup is P2P electricity or certifi cate trading on diff erent 
levels, from device level over local energy markets and communities 
up to trades between transmission system operators. A central third 
party contradicts the idea of P2P trading and obviously storing state is 
necessary for being able to trade. In addition, a trading partner might 
be unknown and therefore possibly untrusted. A prototypical imple-
mentation of a local energy market with focus on grid friendliness is 
currently in work.
The second subgroup is the provision of fl exibility as an ancillary 
service for the EPS. In comparison to the market based approaches 
above this approach faces the challenges from the problem statement 
in a more straightforward way. In this context DLTs have the potential 
of organizing and mobilizing small scale distributed fl exibility sourc-
es, which do not have access to a fl exibility market so far. Possible 
applications are frequency stability, voltage stability or congestion 
management. A fi rst prototype of our new concept of a self-organized 
virtual power plant is already implemented and running in the lab, a 
pre-stage of it is published in [9].

The last identifi ed use case is battery electric vehicle (BEV) charging co-
ordination and sharing of charging stations. This is chosen as it is ex-
pected that the share of BEVs will increase drastically in the next years 
and because uncoordinated charging might cause problems in distri-
bution grids. A trusted third party is undesirable as there are many 
diff erent charging station operators and energy providers involved. 
As of today, problems already exists considering the interoperability 
between diff erent providers.

RQ 2: In terms of RQ 2 ideas for the metrics have been determined, 
however the formal defi nition of the metrics is still pending. Two dif-
ferent classes of metrics have been identifi ed: quantitative metrics, 
which can be derived by means of the simulations and qualitative 
metrics, which only play a secondary role in the PhD project. The 
quantitative metrics are the general performance from the point of 
view of the EPS, the expenses from the point of view of the IT system, 
the scalability and the level of decentralization. In total, the cost of dis-
intermediation is valuated by restraints in general performance, the 
additional holistic costs and the limitations in scalability.

RQ 3: Considering the DLT design fi rst implications can be derived 
from the gained experience from the literature review and the dif-
ferent lab setups. At the current stage of the project permissioned 
consortial blockchains or hierarchical hybrid public and consortial 
proof-of-authority or practical byzantine fault tolerance multi-chains 
seem promising for most use cases. Alternatives based on directed 
acyclic graphs are still very immature but promise a better scalability.

PLANNED NEXT STEPS
The next steps are the formal defi nition of the evaluation framework 
and a subsequent analysis of the infl uence of diff erent blockchain 
designs on the metrics. Once these steps are completed simulation 

models can be developed, the case studies can be evaluated and rec-
ommendations can be formulated.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
So far a fi eld trial with real assets is not yet planned. A cooperation con-
sidering a new fi eld trial would be benefi cial for the research project. Al-

ternatively, a cooperation with an existing fi eld trial with the possibility 
to use data from the fi eld is desirable.
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INTRODUCTION
Our society depends on a reliable power supply. Therefore, the elec-
trical power system (EPS) is traditionally planned and operated hierar-
chically and centrally. However, this does not refl ect the increasingly 
decentralized and volatile energy landscape. The rising number of 
highly heterogeneous actors in the EPS results in an increased total 
complexity of the system. Many of the newly installed distributed as-
sets generating renewable electricity are owned by citizens or small 
companies and are thus not controlled centrally. How can such dis-

tributed assets be orchestrated in future?

In this context many recent studies and publications attribute a high po-
tential to distributed ledger technologies (DLTs) [1-3]. Therefore, I inves-
tigate if and how an orchestration of assets in the EPS is possible based 
on distributed peer-to-peer (P2P) IT such as blockchains or other DLTs.

PROBLEM STATEMENT AND RESEARCH QUESTION
The underlying problem is that with a higher share of renewable ener-
gies more fl exibility is needed in the EPS. Currently the increasing num-
ber of decentralized assets are often not orchestrated and thus their 
possible fl exibility in operation is not utilized. Without solving this prob-
lem, the EPS is in future either going to be less reliable or over-dimen-
sioned and more expensive from a macroeconomical point of view.

Assuming the hypothesis that a distributed approach is desired in 
order to (self-)coordinate distributed assets in the EPS for political or 
philosophical reasons or owner preferences, the central research ques-
tion (RQ) of this project is (how) can distributed assets in a future EPS 
empowered by renewable energies and storages be orchestrated in a 

distributed way. In particular: how well perform DLT-based approaches in 
this context in comparison to centralized approaches? In order to answer 
this question the central RQ is split into the following subquestions:
1. Which are the use cases of interest?
2.  Which metrics are of importance in order to quantify how well DLT-

based approaches suit the selected use cases? How are these metrics 
formally defi ned and quantifi ed?

3.  Which possible diff erent DLT designs are most suitable and how do 
diff erent designs infl uence the determined metrics?

4.  How well perform and how large is the extra eff ort of DLT-based ap-
proaches in comparison to a centralized approach for the selected 
use cases from a holistic point of view?

RESEARCH APPROACH AND METHODOLOGY
The general idea of the PhD-project is to simulate the use cases of in-
terest with diff erent DLT networks in order to evaluate them according 
to a defi ned evaluation framework and to use prototypical implemen-
tations for the validation of the simulation models. Therefore, the pro-
posed methodology consists of a theoretical and an empirical part. The 
theoretical part includes literature reviews, an analysis of current re-

search developments and analytical work. In the quantitative part pro-
totypical implementations and experimental test runs are used for data 
collection and extensive simulation and modeling is used for studying 
the use cases. In order to mind both IT and EPS layer, hybrid simulation 
including discrete and continuous simulation will be used.

RELATED WORK
Considering a blockchain based organization of distributed assets the 
fi rst project was a local energy market (LEM) called The Brooklyn Mi-

crogrid [4]. This pilot was followed by research projects like the LAMP 
project in Germany. In [5] fi rst ideas for blockchain design recommen-
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plementation. These groups usually focus more on the psychological 
side of explanation systems (human-machine interaction). Another ap-
proach is the creation of an interpretable machine learning model for

a specifi c application. We don’t focus on a specifi c use case, but build a 
general toolbox that should be broadly applicable.

RELATED WORK
Work on an explanation method for individual predictions by Ribeiro et 
al. [4] sparked my personal interest in interpretable machine learning. 
The authors proposed a very general explanation method that explains 
the complex prediction model with interpretable, individual models 
for each prediction. The idea behind the method is fascinating and has 
been cited very often. However, it proved diffi  cult to apply their method 
in practice as it has hidden parameters that should be adapted to each 
new situation and it is unclear how these parameters can be set auto-
matically. We plan to create simpler interpretability methods that are 
more robust and easier to check for correctness.

Other important work is the software toolbox DALEX [5] (Descriptive 
mAchine Learning EXplanations), a software project similar to the iml 

toolbox we are implementing. Compared to DALEX, the iml package fo-
cuses more on model-agnostic methods and implements all methods 
itself rather than relying on other packages. This has the advantage of 
providing a more consistent interface and better control.

Guidotti et al. [6] have conducted an extensive survey of black box in-
terpretability methods. While the paper covers many methods not cov-
ered in the Interpretable Machine Learning book [1], I believe that an 
extensive book covering the basic ideas with application examples and 
critical discussions is a better format for teaching and promoting inter-
pretable machine learning.

PRELIMINARY RESULTS
We have created the iml R package, which implements a wide range of 
methods for machine learning interpretability and has been download-
ed 3200 times so far (as of 01.09.18). We currently improve the speed of 
the software and add more interpretability methods.

I have covered many methods in the book (still in progress), which to 
the best of my knowledge is the most comprehensive source on the 

topic of interpretable machine learning with thousands of readers.

We expect to publish research on explanation methods for individual 
predictions.

PLANNED NEXT STEPS
I plan to fi nish the fi rst version of the book on “Interpretable Machine 
Learning” this year. Furthermore, I plan to improve and extend the iml 
interpretability toolbox based on own ideas and user feedback. High 
priority is given to improving the speed and memory consumption of
the package. I also plan to add more model-agnostic interpretability 
methods to the package.

To complete my dissertation I need at least one or better two method-
ical fi rst-author papers, in which I either develop / extend an interpret-
ability method or test other methods extensively. We are currently 
exploring simple counterfactual explanations to explain individual pre-
dictions of a machine learning model, which can also be used to reveal 
insights about the global model behaviour.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
The (very diffi  cult) question how we defi ne interpretability remains un-
resolved. This impacts my work because it is diffi  cult to evaluate new 
methods due to the lack of defi nition. Ideas on how to evaluate expla-
nations of predictions or other summary statistics of machine learning
models would be very helpful.

I am also interested in industry or academia partners who already use 
machine learning and would like to have an interpretability tool for the 
predictions and model behaviour. It would be great to discuss current 
needs and get feedback of users of the iml package. In particular, it 
would be helpful to know which interpretability methods are most 
needed by users from industry and science.
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INTRODUCTION
Machine learning is a set of techniques that gives computers the 
ability to learn to make predictions from data. Machine learning is in-
creasingly used in many products, processes and research. In many 
applications, machine learning is superior to human predictions, as 

the computer can pick up associations in data that a human can’t. This 
superiority in predictive performance comes with a disadvantage in 
the form of loss of understanding the learned programs.

PROBLEM STATEMENT AND RESEARCH QUESTION
When computers learn by themselves, we no longer know how they 
make decisions. Prediction models can become very complex, for ex-
ample a neural network consists of millions of weight numbers or a 
random forest consists of hundreds of deep decision trees. This is 
problematic because we need transparency to ensure the safety of the 
software, to detect possible biases, to foster trust, to debug the system 
if something goes wrong and more. These problems make many com-
panies and researchers reluctant to apply machine learning.

In the fi eld of interpretable machine learning, we deal with the prob-
lem of making complex machine learning models interpretable, mean-
ing we develop tools to describe the overall prediction model and to 
explain individual predictions. This includes both the methodological 
development of the tools, as well as their implementation in software. 
In our group, we are especially interested in methods that are mod-
el-agnostic, i.e. they work with any type of supervised machine learning 
model.

What information can we reliably extract from a black box machine 
learning model if we can only manipulate its inputs and observe the 
predictions but have no insights into the model parameters? What in-
formation about a black box model helps to better understand its be-
haviour? What are limitations or (sometimes hidden) assumptions for 
existing interpretability tools and when are their results reliable? How 
can we decide whether one interpretation method is better than anoth-
er? All these research questions relate to the (very diffi  cult) question of 
how we defi ne or measure interpretability at all.

By exploring interpretable machine learning, we want to mature the 
fi eld and increase the availability of reliable and well understood meth-
ods to explain the behaviour of machine learning models. The availabil-
ity of interpretability tools will hopefully catalyse the acceptance of ma-
chine learning in research and practice by increasing the interpretability 
of computer decisions.

RESEARCH APPROACH AND METHODOLOGY
In my research, I consolidate knowledge in the form of a book on inter-
pretable machine learning [1], create an interpretability software tool-
box [2] and develop methods.

The fi eld of interpretable machine learning is very young and the lack of 
extensive secondary educational literature has motivated me to consol-
idate and thoroughly examine existing research in the form of a book 
for practitioners. 

In our group we develop new interpretability methods and analyse 
existing methods in greater depth. We conduct our research by devel-
oping or improving conceptual and mathematical methods for mod-

el-agnostic machine learning interpretability, then implementing them 
in software and testing them in diff erent scenarios (i.e. diff erent types 
of machine learning models and diff erent datasets). With this approach 
we want to ensure the usability and quality of the interpretability meth-
ods. In addition, we use benchmarks to measure the quality of the 
methods, for example how sparse an explanation is. We also simulate 
datasets and models where we know the true explanations so that we 
can test our methods against this ground truth.

Other research institutes test the quality of interpretability methods 
with surveys or experiments with human participants. We are more 
concerned with the mathematical foundation and the software im-
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veloped. Both, the attacks and countermeasures, will be implemented 
and tested on a real car.
There have been attempts at structuring published attacks by Barreno 
et al. [1] and Papernot [2]. Papernot has published many interesting pa-
pers about attacks on machine learning systems during the last couple 
of years.
Another promising paper was published by Lin et al. [3] It shows an 
idea of how a machine learning architecture in an autonomous vehicle 
can look. Lin et al. do not cover all use cases but mostly focus on object 

detection and tracking, path and way fi nding and decision making. They 
do not discuss system surveillance and machine learning focused on 
the environment or entertainment, etc.
To gain deeper knowledge about security for machine learning in au-
tonomous driving, the above mentioned papers have to be further dis-
cussed and missing de-tails have to be fi lled in. All possible use cases of 
ma-chine learning in autonomous cars have to be evalua-ted and their 
security standard has to be discussed.

PRELIMINARY RESULTS
After doing some research, it was soon clear that security in machine 
learning seems to be not yet well known among machine learning en-
gineers. However, there is a variety of published attacks on machine 
learning, which can be divided into six main classes:
•  Attacks conducted by sending quantitative inputs to the system to 

shut it down, e.g., to cause denial of service.
•  Attacks using perturbed inputs to cause faulty outputs.
•  Stealing the machine learning system by extracting information about 

the training data or model itself.

•  Attacks that tamper with the training data or the training algorithm.
•  Attacks that change the model‘s code after deployment, e.g., retrain-

ing the model.
•  Attacks that do not attack the machine learning model itself but the 

surrounding system, e.g., the components that preprocesses data.
When there will be further attacks published, the categories might un-
dergo some changes in the future, e.g., defi ning the categories by add-
ing more detailed subcategories.

PLANNED NEXT STEPS
After defi ning the categories, the algorithms and at-tacks will be 
mapped to autonomous vehicles to create some form of road map of 
attacks and countermeasu-res for machine learning in cars.
It is especially important to discuss if there are attacks that might not 
be applicable to the area of autonomous driving due to restrictions 
caused by the hardware or software architecture of an embedded 
system. On the other hand, the characteristics of embedded systems 

could enable as-yet unkown forms of attacks.
To increase the robustness and security of machine learning systems, 
humans need to understand how these systems work. A „whitebox-
ing“ of such systems is necessary. However, such whiteboxing might 
also have implications on security: If developers can look into their 
machine learning system, attackers might be able to do that as well.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
Insight knowledge of machine learning algorithms used in autonomous 
vehicles is crucial to conduct worthwhile research in the area. Cooper-
ation with an OEM would be quite helpful to conduct meaningful re-
search.

Furthermore it is important to not only focus on algo-rithms currently 
used in the area, but also to look ahead into the future. Only Machine 
learning specialists might know which machine learning algorithms 
might be relevant in the future.
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INTRODUCTION
Autonomous driving is a fi eld of active research. Not only scientists and 
OEMs (original equipment manufac-turers) are dedicated to the devel-
opment of autono-mous vehicles but also companies outside the fi eld, 
e.g., Google and Apple are interested in positioning themselves on the 
growing market. OEMs claim that fully-autonomous cars will be imple-
mented by 2025. Although some scientists are not yet sure if this level 
of autonomous driving is applicable, autonomous driving will still be a 
fi eld of high interest by that time.
An essential part of autonomous driving is machine learning used in dif-
ferent use cases, e.g., object dete-ction and tracking, decision making, 
system surveillan-ce or entertainment of passengers. It is important 
to realize that machine learning components are not im-mune to at-
tacks by hacker organizations with bad intentions. Since human life is at 

stake, it is crucial to conduct research in the fi eld of security for machine 
learning to keep the passengers and other road users safe.
Since OEMs do not publish the current state of the art of machine learn-
ing in cars, researchers face some diffi  cult to overcome obstacles.
To conduct meaningful research of security for machi-ne learning in au-
tonomous cars, use cases for machine learning in a car have to be iden-
tifi ed and mapped to appropriate machine learning algorithms. Based 
on these assumptions, published attacks on machine lear-ning have to 
be evaluated, categorized and transfered to the fi eld of autonomous 
driving. Last but not least, countermeasures have to be defi ned and 
implemented.

PROBLEM STATEMENT AND RESEARCH QUESTION
So far, there has been done quite some research in the fi elds of secu-
rity for machine learning and security for vehicles. However, no known 
research was conducted in the combined fi eld, namely security for ma-
chine learning in autonomous vehicles. This combined fi eld becomes 
increasingly important the further develop-ment of autonomous cars 
goes and the closer we come to establishing the convenient technology 
into everday road traffi  c.
However, securing machine learning systems is not as easy as it may 
seem. Most machine learning models are a blackbox, even to their de-
velopers. Decisions made by a model are often not comprehensible by 
humans.
Thus, research in the area should give answers to the following ques-
tions:

•  What attacks are successful against machine learning systems in cars 
and what are the consequences in a worst case scenario?

•  How can machine learning in cars be secured against such and future 
attacks?

•  Is it possible to apply some form of comprehensibility to machine 
learning systems to retrace why a certain decision was made („white-
boxing“ the system)?

•  Are comprehensible whitebox machine learning systems more vulner-
able to attackers?

Answers to such questions should raise OEMs‘, researchers‘ and devel-
opers‘ awareness to the security risks of machine learning systems. Fur-
ther research is encouraged to create machine learning models more 
resilient against harmful attacks.

RESEARCH APPROACH AND METHODOLOGY
The fi rst step in research is to determine which machine learning al-
gorithms will be used in autonomous vehicles. OEMs hardly give any 
information about their progress which presents a big obstacle in any 
form of research in the fi eld of autonomous cars and machine learning. 
The issue is well known in the scientifi c community, which is why some 
researchers have made assumptions of a software architecture in au-
tonomous vehicles [3].

Published attacks to machine learning models have to be evaluated 
and categorized to create a structured overview of the current state of 
research. After that, the machine learning algorithms and any respec-
tive attacks can be mapped to the machine learning algorithms used 
in autonomous vehicles. It is important to discuss transferable attacks 
and whether there are any attacks possible which have not yet been 
reviewed. Last but not least, suffi  cient counter-measures have to be de-
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PRELIMINARY RESULTS
In the following, we will highlight some of the latest projects. They cover 
prototypes and applications that support effi  cient typing in VR and an 
AR experience, that amplifi es human,perception to foster a better un-
derstanding of a thermal fl ux experiment.

Typing in Virtual Reality: When we interact with a computing system, 
entering text is one of the most common tasks. To enable users to work 
as effi  ciently in a virtual environment as in a real offi  ce they require 
high-performance generic input devices. Users that are immersed into 
a current VR environment usually do not perceive their environment 
including their own hands, nor the physical input device. To investigate 
the diff erent aspects of typing in a virtual environment on a physical 
keyboard, we developed an apparatus that tracks the user’s hands, and 
a physical keyboard, and visualize them in real-time in the VR environ-
ment. Using our apparatus, the user can perceive a virtual representa-
tion of their own hands and the physical keyboard. Given these vis-
ual cues, we enable the user to easily approach and type on the key-
board. To evaluate the eff ects of avatar hand representation we ran a 
text input study with 32 participants. We investigated the overall achiev-
able text input speed, task load and felt presence. A detailed descrip-
tion of the apparatus, as well as the study methodology and results, can 
be found in the publication [5].

The study reveals that with our apparatus, experienced typists benefi t-
ed from seeing their hands, and reach almost outside-VR typing perfor-
mance. However, inexperienced typists profi ted most from semi-trans-
parent hands, which enabled them to type just 5.6 WPM slower than 
with a regular desktop setup.

Learning in Augmented Reality: To support individual learning skills 
and alleviate the workload of supervisors, modern MR systems have 
become an integral part of conveying knowledge within educational 
institutes [4]. This includes the employment of MR systems, which sup-
port students just-in-time with additional individualized content. With 
enhanced hardware and software solutions available, MR applications 
have fi nally been explored beyond the lab by various researchers. We 
recently developed [10] and studied an AR experience that visualizes 
the current state of a physics experiment and deployed it in a phys-
ics class. With our application, students get realtime feedback and en-
hanced data visualization of the experiment. Fist results of a user study 
using the prototype showed a small positive eff ect of augmented reality 
on students’ performance with regards to acquired knowledge in ther-
modynamics [9].

FUTURE WORK AND OPEN CHALLENGES
Regarding the augmentation of the thermal fl ux experiment, we contin-
ue our development to further optimize the user experience. Further, 
we plan to develop a handheld visualization of the very same experi-
ment. Given that, we want to investigate how much of the real physical 
experiment including a probe, sensors, and the power supply is neces-

sary to actually impart the learning material.
An interesting topic that could conclude the dissertation would be an 
exploration on how electronically recorded MR experiences needs to be 
presented to the user to relive them at a later point in time to support 
active recall. Still, this is only a rough idea and needs further discussion.
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INTRODUCTION
Over the last decade, technology in the fi eld of Virtual Reality (VR) and 
Augmented Reality (AR) matured. Finally, handheld and head-mounted 
displays to immerse oneself are available to the consumer market. Still, 
end-users mainly immerse themselves in VR and AR for leisure, con-
suming 3D movies and games provided by entertainment applications. 
Advances to visual fi delity, environmental tracking and the fi eld of view 
(FOV) enable truly immersive experiences with great potential.

In the following, we will only refer to Mixed Reality (MR) to cover all-em-
bracing AR or VR as proposed by Milgram et al. [7]. Most consumer MR 
systems and content are tailored for entertainment. However, in aca-
demia and industry, there is also a considerable amount of serious ex-
periences [2]. Still, almost none of these prototypes or MR experiences 
were studied or explored beyond the lab.

With the proliferation of MR HMDs to the general public and end-users, 
it is nowadays feasible to study the potential of MR in less controlled 

environments. In future MR systems, we could effi  ciently work and dis-
play information without being bound to rectangular two-dimensional 
screens. Using MR technologies virtual and physical worlds would fur-
ther blend together. The border between MR systems and the reality 
will probably vanish in everyday life scenarios in the near future. To 
understand how we can use MR in these everyday life scenarios and 
how to create value we need to investigate these new technologies, in-
teraction concepts and meaningful content creation.

In this proposal, we will briefl y describe two projects that contribute to 
the overall frame of the planned dissertation. First, we present a short 
summary of the fi ndings on the eff ect of avatar hands on typing perfor-
mance in VR using a physical keyboard [5]. Furthermore, we present a 
MR application amplifying the users’ visual sense to perceive thermal 
fl ux while conducting an experiment in physics class [9].

PROBLEM STATEMENT AND RESEARCH QUESTION
Industry, academia and other stakeholders are constantly pushing MR 
including hardware, interaction concepts, integration, and content cre-
ation. With the proposed research project, we try to investigate how the 
general public could benefi t from ubiquitous MR in everyday life sce-
narios. The focus of research lies in particular in the working and learn-
ing domain. When MR technology becomes an integral part of our life 
we need to understand how to create relevant applications that are in-
tuitive to use. We try to investigate how MR will change our work and 
education structure and which steps are necessary to integrate MR into 
these domains?

A comprehensive analysis of MR learning applications has shown that 
these applications have diverse eff ects on the students’ performance 
[8]. It is important to understand in which way we can integrate MR and 
how-to create MR experiences that blend into our lives to maximize the 
positive eff ects. With the planned research we seek to get a better un-
derstanding how to build meaningful learning and working environ-
ments and how to integrate MR in our lives. Additionally, we will elab-
orate design guidelines that support the future development of MR 
experiences.

RESEARCH APPROACH AND METHODOLOGY
In the early stage of the projects, online surveys and semistructured 
interviews will be applied to gather qualitative and quantitative data 
and ideas on how consumers would use MR. Later, prototypes will be 
built in an iterative process. These will be evaluated in user-centered 
studies in a controlled lab setting. However, we will also conduct studies 

beyond the lab when the prototypes are mature fully developed. To 
evaluate the eff ect of the built prototypes we will run preand post-test 
and analyze the data with the statistical tools needed.
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interaction itself can be profi ciency-aware by taking into account the 
user's current abilities and environment to off er a suitable interaction 
method.

Detecting Profi ciency
On an abstract level, this module specifi es whether adaptation is 
needed to cope with the user's lack or abundance of profi ciency.

Detecting a user's profi ciency can be done on multiple levels. The 
most static one being user profi les. The system recognizes a specifi c 
user and adjusts based on their pre-defi ned settings. In public spac-
es, a more realistic approach is to leverage the surrounding context 
for adaptation. For example, changing presentation based on envi-

ronmental conditions. The basic concept of adaptation to context is 
described in Schilit's seminal work [4]. We extend this work by a more 
fi ne-grained, per-user customization that takes additional dynamic 
properties of the user into account.

In this last level, we have identifi ed detecting a user's profi ciency using 
ubiquitous sensing techniques. Here, the system employs physio-
logical sensing devices to infer the current state of the user, such as 
cognitive ability and motoric skills. Example modalities include face 
detection, tracking of eye and hand movements. Systems may enable 
profi ciency detection down to individual users depending on the sce-
nario and employed modality, while still providing robust and coarse 
detection if necessary as we outline in the next section.

PLANNED NEXT STEPS
In this thesis, we present a defi nition of profi ciency-aware systems and 
outline a generic architecture and design space for researchers to build 
upon.

Our own work entails the vision of ad-hoc adaptiveness when interact-
ing with ubiquitous systems throughout our everyday life. Contrary to 

long-term user adaptation based on context-awareness, we strive to re-
alize short-term profi ciency detection by leveraging ubiquitous sensing 
techniques. Within this area of our proposed design space, we continu-
ously address the challenge to infer users' profi ciencies and to provide 
appropriate adaptations.

PRELIMINARY RESULTS
In our work, we focus on ubiquitous sensing techniques to infer profi -
ciency. So far, we addressed the user's language profi ciency and lever-
aged robust gaze features to detect whether users were able to read 
the displayed language [3]. We showed that a binary detection, whether 
the user is able to read the language, can be done in under three sec-
ond using one sentence only, allowing for quick adaptation. Yet, it is not 
possible to "guess" a more suitable language since this type of profi -
ciency does not entail any ordering. Hence, other adaptation methods, 
e.g. displaying a language selection menu, have to be considered.

Contrarily, in EMGuitar [2], we opted for a fi ne-grained profi ciency detec-
tion by leveraging Electromyography to infer a user's skills when playing 
the guitar. Here, we adapted the playback speed of our tutoring system, 
when the user is struggling to play correctly. The connection between 
low user profi ciency and suitable adaptation is known beforehand as 
decreasing the tempo will allow better play for a novice. By automati-
cally adapting playback speed during sessions based on previous play 
correctness, we realized the cycle between detection and adaptation 
for profi ciency-aware systems as outlined before.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
Ubiquitous sensing technologies are prone to environmental arti-
facts and tend to be highly person-dependent. Hence, it is essential to 
identify levels of abstraction in the employed feature space, but also 
evaluate the possibility of short-term system calibration schemes that 
seamlessly integrate into the user interaction, circumventing the need 

for complex machine learning approaches. Here, we want to look into 
examples from other domains that require device calibration for user 
interaction as an inspiration.
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INTRODUCTION
The number of digital devices around us is steadily increasing. This is 
not only true for our own devices, but also for shared devices within 
our environment. Examples include ATMs, ticket vending machines and 
ordering kiosks at fast-food restaurants. Commonly, these systems are 
designed to be easy to operate. However, the background and knowl-
edge of people diff ers substantially, due to cultural as well as individual 
diff erences. Hence, interfaces that aim for a one-size-fi ts-it-all approach 
will fail to address user-specifi c diversity which can impede operation.

The solution to this problem has been around for decades: "Know the 
user" [1]. The fi rst principle in Hansen's list of user engineering princi-
ples for interactive systems is a simple idea, yet sometimes incredibly 
hard to achieve. In recent years, user profi les and context-awareness 

are popular methods to adapt interactive systems. With the prolifera-
tion of aff ordable sensing devices, researchers have started to leverage 
physiological sensing to infer user states automatically, alleviating the 
need for explicit user input.

We want to further elaborate on the idea of systems, that automati-
cally detect the users' profi ciency. Therefore, we introduce the idea 
of profi ciency-aware systems which describes systems that adapt to a 
user's knowledge and skills. To this end, we formulate a defi nition for 
profi ciency awareness as well as outline a generic architecture and a 
suitable design space for profi ciency-aware systems. The thesis work 
focuses on populating specifi c aspects of this space. Exemplarily, we 
point out profi ciency-aware systems from preliminary work.

PROBLEM STATEMENT AND RESEARCH QUESTION
Everyday lives become increasingly reliant on digitally enhanced arti-
facts. Users expect that devices are easy to use. For technologies de-
ployed in public spaces and for shared devices adaptation to the user 
is a key to achieve this. In this thesis, we introduce the concept of profi -
ciency-aware systems, that can dynamically adapt to the users' skills and 
expertise. Profi ciency-aware systems have means to detect the users' 
profi ciency relevant to the task and can adapt the user interface and 
the content accordingly. Such adaptation can be done locally and does 

not require to know the user, hence preserving the privacy while pro-
viding a customized user experience. To establish terminology, we pro-
vide a defi nition of profi ciency-aware systems, elaborate on the idea by 
outlining a framework, describe requirements, and point to examples 
from preliminary work. The research challenge is in ubiquitous sensing 
techniques to infer users' profi ciencies and to provide appropriate ad-
aptations. We envision that for computing systems in public spaces this 
idea can lead to new interaction paradigms.

RESEARCH APPROACH AND METHODOLOGY
Defi nition: Profi ciency-Aware Systems are systems that can sense 
a user's profi ciency and adapt the content, the presentation, and the in-
teraction.

Hence, the term profi ciency-aware system refers to a dynamic inter-
connection between system and user, that continuously assesses the 
user's ability to interact with it and adapts accordingly. Such adapta-
tions will enable a user experience tailored to the specifi c users' pro-
fi ciency. The profi ciency hereby refers to the knowledge, skills, and 
abilities that are relevant for using the system, such as reading skills, 
background knowledge, motoric skills, and cognitive ability. Every 
profi ciency-aware system is governed by a continuous cycle involving 

profi ciency detection on the one side and appropriate adaptation on 
the other side. Both sides mutually infl uence each other until an equi-
librium is reached.

Interface Adaptation
We have identifi ed three main dimensions of adaptation. Firstly, an 
interface can adapt its content, in other words, it adapts towards the 
user's interests also taking the user's prior knowledge into account. 
The second dimension is the presentation of the content. The inter-
face may adapt to the user's preferred language, their current cog-
nitive abilities by simplifying visualizations and choice of words or 
environmental conditions by changing screen brightness. Lastly, the 
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has already proved successful in the fi eld of machine translation. 

Our research is mainly driven empirically. Implementing the proposed 
algorithms, deploying them on suitable datasets and evaluating the 
results rigorously is integral part of the project. However, as we work 
usually with a huge number of languages, evaluation is not straight-
forward due to the lack of manually annotated data in many languag-
es. Thus, we fall back to unsupervised evaluation criteria and intro-
duced for example roundtrip translation, a new evaluation method 

for multilingual word embeddings which does not require any manu-
ally annotated data. 

Levy et al. [5] posed a great inspiration for our work, as they showed 
that for multilingual embeddings the actual embedding algorithm is 
not as decisive as the features used as input to the algorithm. Thus, 
we introduced a new feature for embedding learning and proposed 
concept based embedding learning.

PRELIMINARY RESULTS
A fi rst conference paper [4] summarises our preliminary results. Here, 
we induced multilingual word embeddings based on the Bible – a re-
source which exhibits the greatest language coverage currently availa-
ble. Now we are exploring an extension of attention mechanisms called 

multiattention. First result show slight improvements on monolingual 
data. However, it would be easily scalable across languages which is the 
main reason why we work on this new method.

PLANNED NEXT STEPS
In an immediate next step, we will focus on deploying the multi-atten-
tion mechanism to multiple languages. In the long term, in order to be 
able to summarise these fi ndings in a dissertation there are several 
steps missing: fi rst we need to integrate multilingual word embed-
dings into specifi c tasks such as named entity recognition. Second, 
we need to show that a multilingual approach outperforms mono- or 

bilingual approaches in applications such as machine translation or 
named entity recognition. Third, we need to show that these meth-
ods are not only applicable for processing across languages, but also 
across diff erent domains.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
There are a several open questions and we would appreciate dialogue 
and exchange in these areas:
•  What structure does multilingual data in real applications exhibit. We 

are in exchange with one industry partner but would be interested in 
getting additional data sources and/or opinions. 

•  Language independent features (i.e. features which are the same 

across all languages, such as pictures, links, ids) are of great value. 
Ideas in identifying this kind of features is highly appreciated. 

•  Cross-domain learning is an active research area in many fi elds such 
as computer vision. Feedback on our methods or ideas for adapting 
existing methods to the NLP setting would be of high interest.
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INTRODUCTION
There are roughly 7000 languages with around 700 being economically 
relevant (i.e., more than 1 million active speakers or offi  cial state lan-
guage). While natural language processing (NLP) showed enormous 
progress over the past years and every day new impressive applications 

are released, only a small number of languages is addressed. For exam-
ple, Wikipedia, one of the biggest natural language resources, covers 
only 291 languages. Thus, there is a huge need and potential of scaling 
natural language processingbmethods across languages.

PROBLEM STATEMENT AND RESEARCH QUESTION
Currently, almost every NLP system (such as named entity recognition, 
relation extraction or textual entailment) needs to be developed for 
every language separately. This is not only economically ineffi  cient, but 
it does not allow for sharing information across languages either. We 
intend to tackle this lack of transfer across languages by researching 
multilingual approaches. 

A solution to the above problem would be useful to both, academia and 
industry. Establishing multilingual methods gives academia access to 
large amounts of data. Suddenly not only one Wikipedia is available, but 
291 Wikipedias can be used simultaneously to improve NLP systems. 
Creating Machine Translation systems for low-resource languages will 
be easier and typological analysis can benefi t from these insights, as 
well. Currently most NLP methods operate on English only. This proce-
dure exhibits great linguistic biases. Multilingual methods will help the 
research community to approach NLP more objectively.

At the same time, industry will benefi t greatly from multilingual meth-
ods as players can scale across many markets more easily and collabo-
ration within globally operating fi rms is facilitated. In addition, creating 
multilingual systems is closely related to creating systems which per-

form well across diff erent domains. The language used in legal texts 
is very diff erent from the language used in tweets. Thus, one can think 
of these two domains as two diff erent languages (not from a linguistic, 
but from a processing point of view), which makes it obvious that cross-
lingual methods are applicable for cross-domain learning. The number 
of domains is far bigger than the number of languages and for industry 
application it is of utmost importance to have tools tailored to their do-
main in order to achieve acceptable performance.

To give an example of a use case: ticketing systems for large corpora-
tions aggregate a lot of information. Usually, this information is spread 
across many languages and the language used in the tickets is a special 
domain relying on domain specifi c terminology. Multilingual methods 
will facilitate the processing of this information and can be for example 
used to build a system which retrieves similar tickets across all possible 
languages in order to suggest suitable solution approaches to an agent.

The key research question to achieve the aforementioned objectives is 
twofold: how can information be effi  ciently and eff ectively exchanged 
across languages and how can this information be used to increase the 
performance of NLP systems across languages.

RESEARCH APPROACH AND METHODOLOGY
Regarding the information exchange across languages, there are two 
possibilities: storing generic information or taskspecifi c information. 
Both are materialized by storing (a subset of) parameters of a machine 
learning model (e.g., an artifi cial neural network). In the fi eld of NLP 
word embeddings are an established method of sharing knowledge 
across languages [1]. Our project started by inducing multilingual 
word embeddings across more than 1000 languages [4]. We focused 
fi rst on obtaining generic presentations. The underlying reasoning is 

that task-specifi c information can be easily added by the NLP system 
which uses the embeddings to solve a specifi c task.

For creating true multilingual systems one can either use recent atten-
tion mechanism such as self-attention [3] which are heavily based on 
word embeddings or deploy meta learning methods such as model 
agnostic meta learning [2]. We will fi rst start with extending and adapt-
ing attention mechanism to our multilingual setting, as this method 
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RELATED WORK
Ochiai et al. (2014) created visual graphics in mid-air by trapping levita-
ting particles in a two dimensional grid of acoustic nodes. The grid was 
generated using standing waves, with signal emitted by four, pairwise 
opposing transducer arrays. The drawback of using the standing waves 
trapping method to create a physical display would be that to ensure 
stable movement of particles along one dimension, two opposing ar-
rays are required. Hence to obtain smooth movement in 3D, six arrays 
would be needed, which would occlude the visual fi eld of the user. 

A method to move a levitating particle across an acoustic fi eld between 
two arrays, was introduced by Omirou et al. (2015). They developed the 
LeviPath algorithm which combines two basic patterns of movement: a 
height variation and a 2D path obtained by interpolation between adja-
cent levitation points. However, using this algorithm the movement of 

the levitating particle is smooth only along the vertical direction, whe-
reas on the horizontal planes the particle moves in discrete steps of 
0.5cm. 

Finally, in the paper by Marzo et al. (2015) the problem of fi nding a set 
of transducer phases which produces strong and accurate traps at the 
desired points of the acoustic fi eld was solved with a BFGS optimizer. 
However, solving an optimization problem for each point is computa-
tionally intense, e.g., for a medium two-array set-up it takes about 1s. In 
addition, they introduced the notion of holographic acoustic elements, 
by which every levitation trap can be decomposed to a signature pat-
tern and a focusing element. Thus, moving a trap is equivalent to refo-
cusing a holographic acoustic lens.

PRELIMINARY RESULTS
So far, a setup of two transducer arrays with built-in cooling system 
and adjustable rails has been built, surrounded by a motion captu-
re system, able to track the movement of the levitating particle. Next 
a modifi ed version of the algorithm in Marzo et al. (2015) has been 
implemented, which stores the phase values in a look-up table. The 
advantage is that the optimal phases for each point in the fi eld can 
be called within few microseconds, which makes real-time interaction 
with the display possible. 

The system was tested in the fi rst ever Fitts’ Law levitation study, 
where users moved a levitating particle (cursor) between two needle 
pointers (targets) in the acoustic volume (display). The study revealed 
positive results, namely, users reached performance similar to that of 
a mouse cursor. The results of the study are important because they 
open the possibility for using a levitated particle as an improved cur-
sor for mixed reality scenes, due to its ability to provide depth cues.

PLANNED NEXT STEPS
The project is in the beginning stage and there are still many avenues 
to be explored. In the forthcoming stages, I would like to move away 
from using a lookup table, due to the extensive computational eff ort 
required and aim for achieving the same or better performance with a 
simpler algorithm, e.g., using holographic acoustic elements (Marzo et 

al., 2015). Next, the usability of a levitating cursor in augmented reality 
(AR) and virtual reality (VR) environments needs to be tested. Finally, 
multiple modalities are to be integrated in the new iterations of the in-
terface and the developed interaction techniques need to be validated 
in further user studies.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
In the initial stages of the project, priority was given to building the 
hardware and solving technical issues. In the future, I would like to pro-
totype custom levitation interfaces for diff erent use cases. 

One application area that can benefi t from a levitating 3D interface is 
for example early childhood education – in the study of Yannier et al. 
(2016) it was tested among 4-8-year-old children whether adding 3D 
physical objects to mixed reality scenes provides better learnability and 
enjoyment compared to 2D fl at screen interaction. The results showed 
that observing physical phenomena in mixed-reality games leads to 
better learnability and enjoyment compared to a screen only version. 

In addition to young children, the benefi t of a physical levitating inter-
face can be explored among the elderly or people with disability. Furt-
hermore, the novelty factor of it makes it attractive for public exhibiti-
ons (for example in a gallery or a museum). 

Interesting collaboration topics can arise with research groups working 
with mixed reality scenes, estimating and analyzing cognitive workloads 
as well as using computational methods to improve wellbeing.
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INTRODUCTION
The project is about utilizing the potential of ultrasound technology in 
the fi eld of Human-Computer Interaction (HCI), for developing a novel 
physical interface. This technology shall encourage the user to reach 
into a new type of display composed of levitating matter; and see, hear, 
feel and manipulate 3-dimensional objects in mid-air. The levitating 
matter composed of individual levitating particles, analogous to pixels 

on a display, is suspended in air using ultrasonic waves, emitted by two 
arrays of phased transducers. The advantages of the levitating display 
include: direct manipulation of physical visualizations, interaction with 
the bare hands (i.e. without devices likejoystick, gloves, gamepad etc.) 
and transparency, which enables good visibility from many angles and 
encourages collaboration.

PROBLEM STATEMENT AND RESEARCH QUESTION
The use of ultrasonic technology in HCI is novel and largely unexplored. 
This research will provide valuable output for assessing its potential, as 
well as its limitations. The prospects of fulfi lling one of the longest stan-
ding visions in HCI of the ‘Ultimate Display’ (Sutherland, 1965) are very 
exciting. Sutherland, envisioned a room where a computer can control 
the existence of physical matter e.g. create and dissolve chairs etc. The 
Ultimate Display is one that would truly merge the physical and virtual 
world, introducing a radical shift in the way people interact with compu-
ters. In this scenario, interaction with computers will come very near to 
the intuitive and natural interaction with the physical world. 

The main challenge in the development of the levitating display is con-
trolling the acoustic fi eld in a manner that enables fast, smooth and 

stable movement of the levitating particles. To this end, it should be 
determined what parameters of the system infl uence the stability of 
the particle movement the most. In addition, it is important to identi-
fy and test which interaction techniques are best suitable for levitating 
displays. Finally, in the later development stages, the challenge would 
be to incorporate feedback, produced by multiple modalities, such as 
haptics, directional audio and visual projections. There are many poten-
tial benefi ts of improving the currently available prototypes and further 
developing the levitation system, e.g., improved sense of agency, better 
overall user experience, more versatility in the manner the data is di-
splayed and in the interaction techniques, and broader fi eld of potential 
applications.

RESEARCH APPROACH AND METHODOLOGY
The research methodology is composed of hardware design, interac-
tion techniques, demonstrators and user studies. The methods are ca-
refully selected because they intertwine and complement each other. 
The hardware design enables the development of diff erent interaction 
techniques and testing of those with user studies. The user studies on 
feedback accuracy provide valuable information on hardware requi-
rements as well as system constraints. The results from the research 

on possible interaction techniques, in turn, provide guidance for the 
subsequent iterations of the technology. Thus the mixed methodology 
approach hedges the technological and scientifi c risk associated with 
using an “unconventional” technology for interface design and grants 
agility and prompt realignment. Models and prototypes are frequently 
built with the purpose to explore the complex design space.
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RELATED WORK
In [3], 3D poses are used for intention and pose prediction of pedes-
trians. For this, Quintero et al. use Balanced Gaussian Process Dy-
namical Models and a naive-Bayes classifi er. However, a quantitative 
evaluation is performed solely on a high frequency and low noise 
dataset, which was recorded indoors. Fang et al. [4] use 2D poses of 
pedestrians estimated by [5] for detection of movement primitives 
from a moving vehicle. A Random Forest and a Support Vector Ma-
chine based on features obtained from 9 joint positions describing the 
pedestrian's torso and legs are used. They are able to anticipate the 

intention of a pedestrian to cross the road 0.75 s before entering the 
street. However, this approach does not forecast the trajectory, the 
used dataset is small and contains only pedestrians.

A related area of intention detection of VRUs is the fi eld of human ac-
tivity recognition without regard to application in the transport sector. 
For example, Kim et al. [6] use 3D human poses as input of a temporal 
CNN to recognize 60 diff erent activities such as sitting down or hand 
waving.

PRELIMINARY RESULTS
With the help of a test vehicle equipped with appropriate sensors and 
state-of-the-art methods for 2D and 3D pose estimation [5, 7], trajecto-
ries of pedestrians and cyclists including their 2D and 3D poses could 
be extracted from real scenes in road traffi  c. To verify the quality of 
these poses, a dataset with manually labeled poses was created. The 
evaluation showed that the quality of the 2D poses is high despite dif-
fi cult conditions such as large distances, occlusions, varying light and 
weather circumstances. Furthermore, the obtained errors concerning 
3D poses are suffi  ciently small in relation to body size to characterize 
respective body poses and to allow the use for intention detection. For 
both, 2D and 3D pose estimation, we found larger errors for cyclists 

compared to pedestrians and decreasing performances with increas-
ing distance. However, the results do not deteriorate rapidly, showing 
that pose estimation is applicable in transport sector.

It is expected to achieve an exact and reliable intention detection by 
considering the poses. In addition, the identifi cation of characteristic 
movement sequences of individual body parts and early indicators for 
movement primitives is intended. Understanding human poses and 
body language can even lead to a new kind of interaction between 
humans and automated vehicles.

PLANNED NEXT STEPS
After the ability to gather trajectories including 2D and 3D poses of 
VRUs in real traffi  c from a moving vehicle has been achieved, the next 
step is to develop models for intention detection based on this data. 

This includes the classifi cation of movement primitives as well as the 
forecast of trajectories. This should provide insights and requirements 
for future intelligent data collections.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
A major issue is the recording of balanced datasets, which can serve 
as a basis for machine learning methods. Interesting data, such as 
dangerous situations for VRUs or unusual behavior, are rare but of 
special interest for the described application.

Cooperations may be helpful in the areas of environment perception 
and object tracking as this is a requirement for the elicitation of the 
necessary data. Also, an exchange regarding Vehicle-2-X communica-
tion would be interesting and an application of the achieved results in 
the area of path planning would be desirable.
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INTRODUCTION
In today’s worldwide traffi  c, 49% of the fatalities hit pedestrians, 
cyclists, and motorcyclists [1]. Protection of vulnerable road users 
(VRUs), e.g., pedestrians and cyclists, needs to be improved by Ad-
vanced Driver Assistance Systems or automated driving functions. 
During situation analysis, intention detection of VRUs is necessary to 
identify potentially dangerous situations. The earlier they are recog-
nized, the more time is available for countermeasures such as emer-

gency braking.
Human body pose contains relevant indications of the intention and 
future trajectories of VRUs. For example, [2] shows that starting mo-
tions of cyclists are often preceded by arm movements. Due to the 
recent progress in human pose estimation, the use of body poses for 
intention detection of VRUs in road traffi  c is conceivable.

PROBLEM STATEMENT AND RESEARCH QUESTION
To increase the safety of VRUs in road traffi  c, fast and reliable inten-
tion detection is essential for use in Advanced Driver Assistance Sys-
tems and for automated driving functions since vehicles in urban traf-
fi c share the traffi  c routes with VRUs. Intention detection contains two 
objectives: Besides the early classifi cation of movement primitives, 
such as starting of a pedestrian or turning of a cyclist, it includes the 
trajectory forecast for the next few seconds, taking previous move-
ments of the VRU into account. In collision scenarios between vehi-
cles and VRUs, intention detection enables countermeasures such as 
emergency braking or evasive maneuvers to be initiated earlier than 
the human reaction time and attention would allow. Furthermore, 
path planning of automated vehicles depends on the trajectory fore-
cast of VRUs.

Representative data are required to model the behavior of VRUs. This 
raises the question of how these can be intelligently collected so that, 
for example, critical situations and diff erent VRU types receive suffi  -
cient coverage while the necessary eff ort for recording remains as low 
as possible.
To be able to detect the intentions of VRUs early and reliably, the 

entire body pose should be considered. Therefore, the body pose of 
VRUs needs to be estimated in real road traffi  c with suffi  cient accuracy 
using suitable sensors. The poses can be estimated two-dimensional-
ly, i.e. in the form of joint positions in images, or three dimensionally, 
i.e. in the form of real metric positions of key points. Large distances, 
occlusions caused by objects or by the body of the respective VRU 
itself and varying environmental conditions make this a challenging 
task.

From the perspective of a vehicle, VRUs are often only visible for a 
short time before a reaction of the vehicle may be necessary, espe-
cially in critical situations. This raises two questions: First, how can the 
trajectory of a VRU be reliably forecasted despite the short observa-
tion time and second, how can the perception be extended beyond a 
single vehicle. For this purpose, appropriate methods for data fusion 
between vehicles or vehicles and infrastructure, such as intersections 
equipped with sensors, must be developed. This cooperative inten-
tion detection of VRUs shall improve the safety especially in places 
with high traffi  c volumes.

RESEARCH APPROACH AND METHODOLOGY
This research uses a quantitative, data-driven approach. It tries to gain 
new insights from the collected data. Therefore, statistical methods 
and machine learning techniques are used. All fi ndings are evaluat-
ed based on real data and should be application-oriented. In order 
to ensure the quality of this work, the results will be validated and 

compared to other research using public datasets. If no suitable data 
exist, an appropriate dataset should be created and published. In par-
ticular, application orientation will be ensured through cooperations 
with industry.
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RESEARCH APPROACH AND METHODOLOGY
The research approach is structured as depicted in Figure 1. In 
the analysis phase, currently available tools and research are ex-
amined. Moreover, this is where knowledge from diff erent areas 
is combined in order to highlight opportunities for improvement. 
Cognitive state and the memory of learners, learning strategies and 
success, but also the context and learning environment are import-
ant aspects to be considered here. A specifi c task will be to explore 
the potential of ubiquitous technologies such as Augmented Reality 
(AR) and wearable devices (e.g. smartwatches), as these are very 
relevant for research question (A). Notable related research in this 
area is Dingler et al.’s work on microlearning sessions in a mobile 
context [2], and Goodwin-Jones’s work on AR for vocabulary lear-
ning [3].

With respect to content design, and thus research question (B), 
Walker’s article on Memrise points out several key aspects such as 
using a “variety of methods” and to integrate tests [6]. However, 
she only investigates vocabulary learning.

In the development and evaluation phase, on the other hand, the 
insights from the analysis phase will be used to develop improved 
learning technologies and to evaluate them in user studies.
Finally, it has to be noted that this two-phase approach is not me-
ant to be strictly linear. Rather, it is an iterative process, where fi n-
dings from the experimental part are then used as basis for further 
analysis and subsequent developments.

PRELIMINARY RESULTS
The research of this thesis is still at a very early stage. However, I have 
already gathered and analyzed a large number of publications from 
diff erent areas which, amongst others, allowed me to identify the 
fi ve issues described in the problem statement and to formulate my 

research questions. Furthermore, I have looked at various language 
learning apps for diff erent languages and tested state-of-the-art AR 
and Virtual Reality devices to get a sense of how they can be used. This 
experience will be a valuable guidance in the future.

PLANNED NEXT STEPS
As mentioned above, I am currently working on structuring the infor-
mation collected so far. The identifi ed trends will then be quantifi ed 
and summarized in the form of a systematic literature review.

Another point on the agenda is the development of a fi rst prototype, 
where the general idea is the augmentation of physical books to, for 
instance, provide explanations for unknown words in such a way that 
disruptions caused by the interaction are minimal.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
The fi eld of language learning can be explored in many diff erent direc-
tions and even after defi ning the two research questions above, there 
are still many options for a specifi c path to follow. Thus, input from 

others could be helpful for identifying the most promising directions for 
further research and projects.
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INTRODUCTION
While English has been established as a de-facto standard for commu-
nication in many areas, there are still many situations where knowledge 
of a local language is very helpful – just imagine being hospitalized in a 
foreign country. Furthermore, learning other languages is essential for 
a more profound understanding of a foreign culture.

Nowadays, many language learners use apps and other technologies 
for individual study instead of traditional methods such as classroom 
instruction. Language learning apps such as Duolingo and Memrise ad-
vertise an easy way of quickly developing language skills. Gamifi cation 

elements aim to make them entertaining and motivate users to stay on 
track. Moreover, basic versions are often free of charge and sessions 
can range from a couple of minutes to several hours, as fi ts the user.

In general, the emergence of pervasive and other new technologies 
opens up opportunities for language learning, but there are also chal-
lenges to be mastered in order for them to contribute to successful 
learning. In my work, I look at which ubiquitous technologies it makes 
sense to integrate and how this should be done to support the learning 
process.

PROBLEM STATEMENT AND RESEARCH QUESTION
To a certain extent, language learning apps are very useful. However, 
there are also several shortcomings that need to be considered:
1.  The apps usually focus on specifi c aspects such as vocabulary, and 

then neglect grammar instruction.
2.  They cannot replace conversation with actual people.
3.  They can only provide a superfi cial glimpse into the foreign culture, 

as there is no physical or immersive experience.
4.  They are not suffi  ciently personalized to adapt well to the user’s indi-

vidual skills and knowledge, as well as to their usage habits [4]. This is 
particularly critical for learners who apply several learning methods 
that are independent from one another.

5.  The way quizzes and activities are designed, they often promote pas-
sive recognition rather than active recall.

Current technologies provide the means to tackle some of these issues. 
For example, chatbots are already good enough to mimic simple con-
versations [1] and machine learning
approaches are likely to lead to further improvements in the
future. In addition, there are projects aiming to create a cultural expe-
rience around the language learning part, for instance in the European 
Digital Kitchen, where learners cook a typical dish in an augmented en-
vironment [5].

I will, in particular, consider aspects (4) and (5) and address the follo-
wing questions:
(A)  How can technology support language learners where and when it is 

most appropriate for them?
(B)  How can the content presentation and assessment be designed to 

cater to cognitive demands in general, but also to individual needs?
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users of biometric systems; on the other hand they also open oppor-
tunities for questioning established methods and believes that have 

been accepted as general truth in the fi eld for years.

PRELIMINARY RESULTS
As a fi rst step towards informing users about the strength of behav-
ioural biometric techniques we presented a design space for security 
indicators for behavioural biometrics revolving around the dimen-
sions, input, output and purpose at CHI 2018 [7]. In this work we also 
proposed example designs for such indicators, e.g. based on the fea-
tures currently used or supporting the decision for specifi c biometric 
techniques during enrolment.

Further results are to be expected on the fi eld of transparency of 
continuous biometric systems. Such systems are based on an inter-
nal score, indicating that the current user is indeed the owner of the 
respective device. If this score is insuffi  cient, users need to verify their 
identity by re-authenticating. To this fi eld we contribute a novel design 
to 1) inform the user about the current confi dence score of the sys-
tem and 2) provide announcement for the need for re-authentication. 
While we hope this will be less of an issue for future systems (due to 
increasing accuracy), making biometric systems understandable is an 

important step to foster the adoption of biometric systems in its early 
stages. Form our still running 4 week fi eld study we expect insights 
towards user willingness to adopt continuous authentication systems 
and the impact of our new design on annoyance caused by the need 
for re-authentication.

One further fi eld of current exploration is the extent to which users 
are able to control their behaviour. This is in particular important, as 
the use of behavioural biometrics in general is built on the premise 
that 1) behaviour is unique to a user and 2) hard to imitate. With this 
work we aim to accept or reject this premise for the case of typing 
behaviour on a smartphone. Furthermore, we explore if there are dif-
ferences between users with respect to their ability to control their 
behaviour which would hint both at potential diff erences of security 
for those users as well as the feasibility of new authentication mecha-
nisms where users actively control their behaviour for authentication.

PLANNED NEXT STEPS
This work is conducted under the premise that users have misconcep-
tions about biometric systems and their functionality. As a next step 
we plan to verify this hypothesis. This also serves the purpose of ex-
ploring how those misconceptions actually look like in order to be able 
to address them better. Another planned project aims to individualize 
feedback on the security of biometric techniques as mentioned before. 
In particular we plan to compare biometric traits of a single user to the 

whole population (either based on generated or obfuscated data) in or-
der to determine how unique that trait is and consequently, how likely 
it is that someone might gain access to the protected device by chance. 
As we believe there is also an impact of the users’ current context (e.g. 
a face might be very unique when compared to other individuals in a 
small town whereas this is not the case for a whole country or some 
other town) we aim to take this factor into consideration as well.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
This work is built on several premises, namely 1) users have misconcep-
tions about biometric systems and 2) there is indeed a way to quantify 
security of biometric traits for individuals. Especially for the last point 
there might be multiple ways to achieve this goal and the approach 

we proposed above might only be one of them. Thus any input in that 
direction would be highly appreciated. This also opens the opportunity 
for cooperation with experts from the related fi elds of cryptography, 
machine learning and psychology.

REFERENCES
[1]  Komanduri, S., Shay, R., Cranor, L. F., Herley, C., & Schechter, S. E. (2014, August). 

Telepathwords: Preventing Weak Passwords by Reading Users' Minds. In USENIX Security 
Symposium (pp. 591-606).

[2]  Ur, B., Alfi eri, F., Aung, M., Bauer, L., Christin, N., Colnago, J., ... & Johnson, N. (2017, May). 
Design and evaluation of a data-driven password meter. In Proceedings of the 2017 CHI 
Conference on Human Factors in Computing Systems (pp. 3775-3786). ACM

[3]  Ballard, L., Lopresti, D., & Monrose, F. (2007). Forgery quality and its implications for 
behavioral biometric security. IEEE Transactions on Systems, Man, and Cybernetics, Part B 
(Cybernetics), 37(5), 1107-1118.

[4]  O'Gorman, L. (2003). Comparing passwords, tokens, and biometrics for user authentica-
tion. Proceedings of the IEEE, 91(12), 2021-2040.

[5]  Yampolskiy, R. V., & Govindaraju, V. (2008). Behavioural biometrics: a survey and classifi ca-
tion. International Journal of Biometrics, 1(1), 81-113.

[6]  Jain, A. K., Ross, A., & Prabhakar, S. (2004). An introduction to biometric recognition. IEEE 
Transactions on circuits and systems for video technology, 14(1), 4-20.

[7]  Mecke, L., Prange, S., Buschek, D., & Alt, F. (2018, April). A Design Space for Security Indi-
cators for Behavioural Biometrics on Mobile Touchscreen Devices. In Extended Abstracts of 
the 2018 CHI Conference on Human Factors in Computing Systems (p. LBW003). ACM.

INTRODUCTION
The use of biometric techniques holds a lot of promises for user au-
thentication but also for applications beyond authentication. Howev-
er, this is a rather novel fi eld – at least from a consumer perspective 
– and we hypothesize there are several misconceptions amongst us-
ers towards the functionality and practical security of biometric and in 
particular behavioural biometric systems (i.e. systems that use unique 

physiological or behavioural traits). The aim of this work is to inform 
user decision making in the context of biometric techniques based on 
personal features; that is to evaluate how user specifi c traits infl uence 
the strength of biometric systems. Furthermore we aim to foster trans-
parent user information on this topic.

PROBLEM STATEMENT AND RESEARCH QUESTION
In contrast to traditional authentication methods like passwords or to-
kens, the strength and success of biometric and in particular behavioural 
biometric techniques is not objectively measurable but highly dependent 
on the user. To judge the strength of passwords there are approaches 
like password meters (e.g. [1, 2]). No such thing exists for biometric tech-
niques, i.e. there is no mechanism in place to inform users if their biom-
etric traits (i.e. their particular physiology or behaviour) are well suited to 
be used for biometric identifi cation. However, as biometric traits cannot 
be changed, this information would be much needed to inform user de-
cision making towards the adoption of biometric techniques.

Based on that, our main research question is how to quantify security of 
(behavioural) biometric systems, not only as previously done for a whole 

population (i.e. by giving error rates) but also for individual users. Tightly 
correlated to this question are further investigations towards the infl u-
encing factors on individual security and explorations towards how to 
best communicate security and risks of the adoption of biometric tech-
niques (i.e. consequences if the biometric trait is lost or stolen/faked) to 
a potential user.

Thinking more general, advances in this fi eld would enable a new view on 
biometric systems that is less holistic and more individual which should 
in the long run benefi t the users of such systems. Also, a deeper under-
standing of what user traits infl uence the strength of biometric systems 
has the potential to inform the design of future systems.

RESEARCH APPROACH AND METHODOLOGY
Within this project we aim to use a wide range of research methods, 
including but not limited to surveys (to assess general attitudes of us-
ers), lab studies (to generate reliable data) and fi eld studies (to ob-
serve real world impact of our ideas). While it might be possible to 
tackle some of our questions on a theoretical level, we believe that 
as soon as actual users are involved in using a system (especially one 
that is based on user traits as is the case for biometric systems) it is 
vital to take human factors into consideration and test any proposed 
solution with real users. This is also the general standard in the fi eld 
of Human-Computer-Interaction (HCI) in which we operate with this 
project.

We fi nd motivation for our work at various locations. For one, there 
are a multitude of papers describing attacks on biometric systems of 

which we would like to point out the work by Ballard et al. [3] in par-
ticular. In their work they not only showed that signatures are prone 
to forgery but also that users had severe misconceptions about how 
easy it would be. We believe this work motivates very well, that - be-
yond fi nding possible security risks – informing users should be a 
mayor goal. In this project we aim to take a step back from targeted 
attacks on biometric systems and explore misconceptions about gen-
eral security of biometrics (e.g. the risk of a stranger gaining access by 
chance) and possible countermeasures. Furthermore, we take inspira-
tion from classical works in the fi eld of biometrics [4-6],

describing biometric properties, their use and their classifi cation. 
These works are one the one hand the theoretical foundation that we 
build on and that to some extend we would like to communicate to 
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therapy. During free-living, postures below the shoulder were of-
ten estimated in both body sides. In contrast, during clinician guid-
ed therapy, postures including above shoulder movements were 
reached frequently, indicating patients' movement potential [3].

DISCUSSION
Wearable computing could enable digital healthcare. Our research, in-
cluding wearable sensors and subsequent motion data analysis derived 
from hemiparetic patients revealed valuable insights in the stroke re-
habilitation process and how a recovery trend could be quantifi ed. The 
observation study in the day-care centre enabled data analysis and in-
vestigation of diff erent approaches, useful to devise further research. In 
particular, the observation study, where no interventions were intend-
ed, and patients could follow their individual therapy programmes, re-
al-life conditions patients will likely face after clinical rehabilitation were 
created. Hence, we believe our methods could be applied in free-living. 
For example, unsupervised activity primitive extraction could be used 
to continuously assess clinical scores daily, e.g. at home [1]. Such con-
tinuous quantifi cation renders personalised recovery trend evaluation 

over long measurement periods likely, hence predicting further recov-
ery progress might be feasible. Walking segment extraction and walk-
ing parameter analysis could lead to better understanding of patients' 
mobility behaviour. Moreover, evaluating physical activity, to promote 
an active lifestyle by providing exercise recommendations and quan-
tifi ed feedback is an option [2]. Thus, health and well-being might im-
prove. Beside patients and clinicians, health insurers could benefi t from 
the patient digitalisation and the continuous behaviour information ex-
traction based on wearable computing.
Although wearable sensors and computing render the digitalisation 
of healthcare applications feasible, how such applications generalise 
among hemiparetic patients or across diff erent cognitive impairments, 
e.g. Parkinson's disease, requires further research.

PLANNED NEXT STEPS
We analysed stroke patients' movement data using wearable IMUs over 
several months and investigated recovery during free-living and ther-
apies. We showed insights in patient behaviour, and confi rmed pub-
lished related work. However, recovery trend modelling and outcome 
predictions remain challenging. New simulation methodologies and 

synthetic sensor data analysis to complement real-life measurements, 
are currently evaluated. Simulations off er potential for novel analysis 
approaches and evaluation of machine learning algorithms without the 
need of laborious data recording. Functional limitations could be inves-
tigated, and no burden for patients and clinicians exist.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
We are interested in cooperations, including clinical partners, and re-
searchers working in healthcare and rehabilitation related to neuro-
logical diseases, e.g. stroke and Parkinson's disease. The ZD.B-network 
off ers great potential of fi nding partners in research and economy. 
Cooperations could include the development and evaluation of wear-
able computing systems integrated in ubiquitous accessory or clothes. 
Approaches for personalised healthcare recommendations and feed-

back system are intended. In addition, designing and implementing fol-
low-up studies are of interest to further evaluate recovery trends in the 
home-environment of patients after stroke. Currently, we explore ad-
ditive manufacturing, 3D-printing technologies, and sensor-based hu-
man-computer-interaction using assistive robotics. Our projects off er 
interesting challenges to research the healthcare digitalisation, hence 
interesting for partners across the ZD.B-network.
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INTRODUCTION
Wearable computing has become an ubiquitous technology in recent 
years, thus enabling digitalisation of personalised healthcare to im-
prove health and well-being. In particular, digitalisation is benefi cial for 
patients, clinicians and insurers to derive clinical relevant information, 
devise therapy strategies and provide health recommendations. More-
over, patient-monitoring and recovery trend estimation in free-living 
becomes feasible. However, objective quantifi cation and evaluation of 
patient-behaviour is challenging, especially for hemiparetic patients, 
e.g. after stroke, suff ering individual functional limitations.

In this research we used wearable sensors, i.e. inertial measurement 
units (IMU) to monitor and describe patient behaviour, estimate clinical 
scores, compare body sides, and quantify recovery trends without spe-
cifi c tests or restricting patients' daily life. So far, existing approaches 
as presented, e.g. by Patel et al, van Meulen et al., to evaluate stroke 
patients' functional ability were limited to short measurement dura-
tions ranging from minutes to hours, and required patients to perform 
specifi c functional tasks. Stroke rehabilitation, however, is a gradual 

process over weeks, months, and even years, thus continuous, objec-
tive measurement methods and evaluation strategies are needed. We 
focused on longitudinal measurements and monitoring of patients dur-
ing activities of daily living using IMUs to investigate patients' recovery 
after stroke without specifi c test. In particular, comparing aff ected and 
less-aff ected body sides could reveal insights, enabling clinicians to 
devise targeted therapy recommendations and intervention planning. 
Our research and methods could infl uence future stroke rehabilitation 
research, rendering large scales studies in free-living feasible. In par-
ticular, we provide the following contributions:
1.  We show how clinical scores can be estimated without specifi c tests 

using unsupervised methods, thus demonstrate how our research 
could be applied in remote monitoring applications in free-living.

2.  We analyse upper and lower body parts of aff ected and less-aff ected 
body sides, to gain insights in patients movement behaviour.

3.  We demonstrate how ubiquitous wearable sensors could be used 
for stroke recovery evaluation and proposed convergence points and 
posture cubics as quantifi cation metric.

PRELIMINARY RESULTS
We designed and implemented an empirical observation study 
during November 2013 and May 2014 in the neurological day-care 
centre of the rehabilitation clinic Rheinfelden, Switzerland. We re-
corded 102 full-day motion data, using six body-worn IMUs from 
eleven hemiparetic patients during their individual rehabilitation 
programme. We evaluated approaches for unsupervised activity 
primitive extraction from motion data and estimated clinical scores 
using machine learning [1].

We demonstrated, so far, that wearable sensors are suitable to an-
alyse motion data of hemiparetic patients in free-living. We showed 
that the Extended Barthel Index, refl ecting patients ability for inde-
pendent living, could be estimated with an average relative error of 
12.5%, compared to the clinical assessment, using support vector 
regression [1].

We further showed that walking parameters derived from thigh-
worn IMUs were suitable for walking segment detection across pa-
tients with high inter-patient walking diff erences. Moreover, we de-
rived average specifi city above 94%, demonstrating that non-walking 
activities were
excluded. However, our convergence point analysis revealed that 
patient-individual habits and therapy schedules, infl uenced walking 
behaviour, rendering trend evaluation challenging [2].

The functional range of motion analysis using our intuitive 3D pos-
ture cubic metric, showed that upper arm postures diff er in aff ected 
and less-aff ected body sides, particularly between free-living and 

Adrian Derungs
Friedrich-Alexander University Erlangen-Nürnberg, Faculty of Medicine
adrian.derungs@fau.de · www.cdh.med.fau.de
Prof. Dr. Oliver Amft, Chair of Digital Health, ACTLab Research Group

Wearable sensor-based motion analysis and 
recovery trend quantifi cation of hemiparetic 
patients in free-living

Fig. 1: Longitudinal convergence point estimation for recovery trend
evaluation in hemiparetic patients using walking parameters.

Fig. 2: Functional range of 
motion analysis of upper arms 
relative to the shoulder joint 
using orientation estimation 
and posture cubics.

70 | ABSTRACTS ABSTRACTS | 71



ABSTRACTS

16
account the experiences made with former interpretation practices.
In concrete terms, this research approach includes an evaluation of the 
current literature, the relevant case-law and the supervisory authorities‘ 
publications as basis for an own interpretation. It is also planned to in-
terview German supervisory authorities in order to ensure the practical 
suitability of the interpretation.

The research can refer to some legal commentaries3 as well as mon-
ographs4 examining the concept of Self-regulation in various fi elds 
of law. Compared to the legal commentaries, the project intends to 

provide a broader refl ection, e.g. as it reviews the basic concepts of 
Self-regulation and takes into account the impacts of the interpretation. 
As far as other monographs are concerned, the research will be one of 
the fi rst ones directly concerning the GDPR, since it has only been appli-
cable since 25 May 2018. Moreover, the focus lies on the administrative 
implementation and its results-oriented interpretation rather than the 
general benefi ts of Self-regulation.

All in all, the project refers to these works as a basis, but diff ers from 
them by broadening respectively modifying the research focus.

PRELIMINARY RESULTS
So far, the focus has been on the theoretical foundations necessary for 
a solid examination of the GDPR. This includes a defi nition of Self-regu-
lation and the correct legal criteria to classify all relevant private activi-
ties and its reception by the EU or the Member States. The research also 

identifi ed the connecting factors (e.g. sovereign decisions aff ected by 
previous private activities) and provided more concrete specifi cations 
of constitutional obligations.

PLANNED NEXT STEPS
The next step will be to apply these theoretical foundations to the Eu-
ropean Data Protection Law. It will fi rstly be necessary to examine the 
instruments under former Data Protection Law. On that basis, the re-
search will fi nally focus on the current implementation in the GDPR. 

The objective is to make a proposal for a practical, constitutional and 
results-oriented interpretation of Codes of Conduct, Certifi cations and 
Binding corporate rules.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
Signifi cant diffi  culties are to be expected for the provisions that explic-
itly refer to the “adherence to approved codes of conduct“ or to “ap-
proved certifi cation mechanisms“ stating that they “may be used as an 
element by which to demonstrate compliance“ or shall be given “due 

regard“ (e.g. in Art. 24 (3), 83 (2) GDPR). The content of these provisions 
is still unclear. It would therefore be highly interesting to seek the view 
of the supervisory authorities regarding this issue.
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INTRODUCTION
To date, a growing number of voices have been calling for the im-
plementation of “Self-regulation“ into Data Protection Law. According 
to this concept, private individuals are to be induced to design their 
own industry- or business-related data protection regulations and to 
enforce them by means of private control bodies.1 It is hoped that 
they will fi nd perfectly adjusted and highly accepted solutions and 
therefore contribute to eliminate the shortcomings of traditional Data 
Protection Law.

As to 25 May 2018, European Data Protection Law was signifi cantly 
amended in the General Data Protection Regulation (GDPR). And in 
fact, the new law contains several instruments that can be regarded 
as institutions of Self-regulation at fi rst sight, in particular: Codes of 
conduct (Art. 40 f. GDPR), Certifi cations (Art. 42 f. GDPR) and Binding 
corporate rules (Art. 47 GDPR). The question arises, whether these 
instruments exploit the potentials of Self-regulation and are able to 
improve European Data Protection Law.

PROBLEM STATEMENT AND RESEARCH QUESTION
Hence the fi rst objective of the project is to examine these instruments 
from a dogmatic legal standpoint. The second objective is to improve 
their eff ectiveness by interpreting the relevant provisions in a results-ori-
ented manner.

Although fi rst elements of these instruments already existed under for-
mer Data Protection Law and therefore have already received attention 
in legal literature,2 there are at least two valid reasons to comprehen-
sively examine their current implementation in the GDPR: Firstly, the 
relevant provisions have gained in complexity and raise more complex 
legal issues now (e.g. do Certifi cation bodies (Art. 43 GDPR) belong to the 
public or the private sector? Do Codes of Conduct (Art. 40 GDPR) create 
legally binding obligations relevant to the enforcement of the GDPR?). 
The solution of these problems will contribute to a better understanding 
of European Data Protection Law as well as other fi elds of law containing 
comparable instruments.

Secondly, these instruments did not have great practical relevance in the 
past (except for Binding corporate rules). It is therefore necessary to track 
the mistakes made in the past (e.g. high costs, lengthy procedures, too 
few incentives), in order to fully exploit the potentials of Self-regulation.

The results will certainly be interesting from the law science point of view. 

Moreover, companies will indirectly benefi t from the project, since they 
may want to take advantage of the opportunities arising from these insti-
tutions (e.g. clarifi cation of indeterminate legal concepts under the GDPR, 
avoidance of administrative fi nes, creation of appropriate safeguards to 
be allowed to transfer personal data to third countries without an ade-
quate level of protection).

Against this background, the key research questions are: What are the 
ideas underpinning the concept of Self-regulation, particularly concern-
ing European Data Protection Law? How can the design and enforcement 
of private provisions be classifi ed in legal terms? In what way are the re-
sults of these private actions relevant to the enforcement of the GDPR? 
Do the supervisory authorities have a duty to supervise these private ac-
tivities? What are the conditions under which these instruments will have 
more practical relevance and provide the envisaged results? How are the 
instruments implemented in the GDPR?

The project aims to clarify all legal questions raised and to make a pro-
posal for a practical, constitutional and results-oriented interpretation of 
the relevant institutions. Its results can contribute to the formation of an 
administrative system of Self-regulation. Furthermore, companies may 
use the results as a source of information when participating in one of 
the examined self-regulating processes.

RESEARCH APPROACH AND METHODOLOGY
The research is predominantly based on the method of legal dogmatics. 
This method is particularly suitable for the fi rst objective of solving legal 

problems. As far as the second objective, namely improving the eff ec-
tiveness of the instruments is concerned, the research will also take into 

Verena Süß
University of Bayreuth
verena.suess@freenet.de
Prof. Dr. Heinrich Amadeus Wolff 

Self-regulation in European 
Data Protection Law

72 | ABSTRACTS ABSTRACTS | 73



ABSTRACTS

17
RESEARCH APPROACH AND METHODOLOGY
As the focus of the thesis lies more on theory building and creating ty-
pologies and less on testing of existing theories, the research will follow 
a qualitative, exploratory approach. The main methods used will be in-

terviews and in-depth case studies with companies of diff erent sizes, 
but with an emphasis on manufacturers of industrial machines and the 
actors in their ecosystem.

PRELIMINARY RESULTS
Discussions and workshops with scholars as well as managers of small 
and large manufacturing companies have confi rmed the present fo-
cus on the technical aspects of the digital transformation as well as 

the lack of research concerning inter-organizational business model 
interdependencies. Furthermore, the existence of these interdepend-
encies has been demonstrated and discussed based on several cases.

PLANNED NEXT STEPS
The next step in the project is to conduct a series of preliminary in-
terviews as well as a systematic literature review to establish a fi rst 
typology of possible interdependencies, which will then be refi ned 
and evaluated in a series of further interviews as well as case studies. 

So far, the project is only an idea based on discussions and reviews of 
the existing literature. For a dissertation, of course, meaningful and 
convincing data needs to be collected and analyzed with diff erent the-
oretical lenses in order to draw relevant and compelling conclusions.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
Other researchers could off er valuable input concerning other strands 
of literature and their insights on increasing interdependencies be-

tween companies.

REFERENCES
[1]  Bauernhansl, T., Emmrich, V., Paulus-Rohmer, D., Döbele, M., Schatz, A., Weskamp, M. 

Geschäftsmodell-Innovation durch Industrie 4.0: Chancen und Risiken für den Machinen- 
und Anlagenbau. München. 2015

[2]  Benkenstein, M., Bruhn, M., Büttgen, M., Hipp, C., Matzner, M., Nerdinger, F. W. Topics for 
Service Management Research – A European Perspective. Journal of Service Management 
Research, 1(1) 4-21. 2017

[3]  Beverungen, D., Müller, O., Matzner, M., Mendling, J., vom Brocke, J. Conceptualizing smart 
service systems. Electronic Markets. 2017

[4]  Gordijn, J., Osterwalder, A., Pigneur, Y. Comparing Two Business Model Ontologies for 
Designing e-Business Models and Value Constellations. BLED Proceedings. 2005

[5]  Leyer, M., Tate, M., Kowalkiewicz, M., Rosemann, M. Bringing Upcoming Technologies to 
a Service Life: Assessing Required Provider and Customer Capabilities. Journal of Service 
Management Research, 2(1) 42-59. 2018

[6]  Markides, C. C. Business Model Innovation: What can the Ambidexterity Literature teach 
us?. The Academy of Management Perspectives, 27(4) 313-323. 2013

[7]  Wirtz, B. W., Pistoia, A., Ullrich, S., Göttel, V. Business Models: Origin, Development and 
Future Research. Long Range Planning, 49(1) 36-54. 2016

[8]  Zott, C., Amit, R. Business Model Design: an activity system perspective. Long Range 
Planning, 43(2-3) 216-226. 2010

INTRODUCTION
Business models have drawn signifi cant attention from research and 
practice for about two decades now, primarily starting with the emer-
gence of a multitude of new e-commerce companies in the late 1990s 
and early 2000s (Wirtz et al., 2016). In this “new economy”, the concept 
of business models off ered an approach to analyze the ways in which 

the newly founded organizations used the Internet to fi nd new “ways 
of doing business”. The current wave of digitalization is again leading 
to a great number of changes in companies’ value off erings as well as 
the way they create and capture value. Therefore, the business model 
concept may once more be useful to analyze the changes.

PROBLEM STATEMENT AND RESEARCH QUESTION
Initially, many companies start their way towards digitalization by 
focusing on the technological possibilities and addressing the tech-
nological challenges that come with it (Leyer et al., 2018). Especially 
manufacturing companies moving towards Industry 4.0, driven by an 
engineering mindset, concentrate for the most part on the machine 
itself and its capabilities (Bauernhansl et al., 2015). To be fair, in a sec-
ond step, the possibilities of new services and opportunities as well 
as necessities of changes in the own business model are often pon-
dered. However, the impact of their introduction of smart machines 
or cyber-physical systems, smart services and their business model 
changes on other actors and especially their customers has not been 
considered in most cases.

If a machine builder, for example, starts selling smart machines to its 
customers, which can gather information about their environment, 
store and analyze it and then maybe autonomously react to it, it 
seems obvious that this can off er the opportunity for new services on 
the machine builder’s side (Beverungen et al., 2017). It also seems evi-
dent that smart machines and services can improve process effi  ciency 
on the customers’ side. An aspect, however, that has not received too 
much attention until now is that the new functionalities off ered by 
the smart machine might be able to initiate further changes in the 
customers’ business model as well, e.g. by enabling them to move 
their value proposition from selling standardized products to highly 
individualized off erings. In many cases, the customers also need to 
change their business model and develop new capabilities to fully re-
alize the potential of the new machine and connected services (Leyer 
et al., 2018). This, of course, can trigger changes in other elements of 
the business model or even have a reciprocal impact on the machine 
builder. The example demonstrates that the importance of analyzing 
such business model interdependencies is a necessity in the times of 
digitalization.

Interdependencies in general, and especially between activities, have 
been proposed before as a central aspect of business models (Zott 
& Amit, 2010). Nevertheless, there seems to be a lack of literature 
analyzing these interdependencies or those of other business model 
elements in more detail. The few papers that do so have a prevailing 
intra-organizational focus and either deal with the interdependence 
of elements of a single business model or several business models of 
a single organization in the context of ambidexterity (Markides, 2013).

Broadly used business model frameworks, tools or ontologies such as 
the “Business Model Canvas” and “e³ value” also take into account or 
even stress the aspect of value creation in a network of actors. How-
ever, they do not focus on interdependencies of these actors’ busi-
ness models beyond a primarily static consideration of the exchange 
of value, resources and activities between them (Gordijn et al., 2005). 
This discrepancy between the rising inter-organizational interdepend-
encies of business models as a result of the increasing prevalence of 
cyber-physical systems as well as a lack of research in this area calls 
for an intensifi ed consideration of the topic (Benkenstein et al., 2017).

The goal of the thesis, therefore, is to shed light on the interdepend-
encies between the business models of companies, which are a part 
of supply chains as well as business and service ecosystems, espe-
cially with regard to the capabilities of cyber physical systems. Two 
of the key research questions arising from this goal are “Which types 
of business model interdependencies exist in business ecosystems?” 
and “How does the introduction of cyber-physical systems and smart 
services infl uence these interdependencies?”. These insights will on 
the one hand help advancing business model research as a discipline 
and on the other hand off er guidance beyond technological aspects 
to managers who are facing the challenge of digital transformation.
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views on the issue are necessary, as Process Mining and Production 
Management are located in diff erent scientifi c communities with little 
to no overlap. To evaluate the research outcomes, a close cooperation 
with industry partners is essential. In this context, several research 

projects are either in execution or in an advanced planning stage. 
Within these projects, a prototypical implementation in at least one 
business environment is planned. In addition, I prepare to conduct 
manager surveys to raise the managerial requirements.

RELATED WORK
A fi rst good approach to optimize manufacturing processes based 
on Data Mining was published by Gröger 2015. [3] He developed an 
Advanced-Manufacturing-Analytics-Plattform (AdMA) as a model for 
gathering, analyzing and optimizing production processes using Data 
Mining techniques. The approach is good and from a technological 

perspective, the integration of production data is very interesting. 
However, the authors miss addressing usability by describing inter-
dependencies with conventional production management methods 
and technologies. Furthermore, the model does not consider Process 
Mining.

PRELIMINARY RESULTS
Being still at the beginning of my dissertation project, so far I was able 
to narrow down my research question. By discussing the idea with oth-
er researchers, supervisor, and various company contacts, I could verify 

the relevance of the topic. The next fi nding expected in the nearer fu-
ture is an analysis of relevant literature to identify specifi c gaps.

PLANNED NEXT STEPS
The next step will be to conduct a systematic literature review on Pro-
duction Management. The objective is to understand the impact of 
production strategies on the production process and to determine the 
necessary information to be displayed to the process analyst to prop-
erly optimize relevant processes. As a result, this step should generate 
a list of requirements, which is essential to determine the necessary 
data and develop a Process Mining management method specifi cally 
for the production.

For an adequate evaluation of the management method, I will apply 
for a research project together with one or more manufacturing com-
panies that declared their interest in the topic. During this project, the 
technological part of Process Mining shall be developed and imple-
mented in companies and guidelines for change management shall 
be defi ned.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
In the current state, my project still needs reliable industry partners to 
verify the outcome and to discuss the requirements for practice. Further-
more, as I rather come from production planning direction, new contacts 

within the Process Mining community would be a valuable input. Overall, 
I would be delighted to hear about each new contact from science and 
industry for interesting discussions.
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INTRODUCTION
To be competitive and successful, companies need a unique selling 
proposition. This can be a product of high quality, low selling price 
or increasingly of customizability. To maintain operability, production 
management is a key factor for companies. In the last years, a selec-
tion of management methods was developed to optimize the produc-

tion, from which Lean Management or Six Sigma belong to the best 
known. Still, the rising complexity of product and production change 
the requirements and call for new production management methods. 
With a high volume of available data and increasingly powerful IT sys-
tems, new possibilities have emerged, opening new fi elds of research.

PROBLEM STATEMENT AND RESEARCH QUESTION
Rising competition and a trend to customizable products lead to short-
er and more frequent change cycles and an increasing complexity of 
modern production systems. [1] However, due to limits in the ability 
of humans in understanding complex systems, conventional methods 
to analyze and optimize production processes have come to a limit. [2] 
Because of this, data-driven approaches gain importance in planning 
production processes to extend the capabilities of common manage-
ment and experience-driven analytics. [3] One possibility, which has 
proven itself capable of optimizing business processes in complex sys-
tems, is Process Mining. [4] So far, the research of Process Mining in 
production management has been scarce. Only a few approaches can 
handle materials and other resources alongside the processes where 
they accrue, whereby these are more generic and hardly useful in the 
daily practice. [5]

Making Process Mining understandable and usable for non-experts 
and off ering an operational support are still insuffi  ciently addressed 
challenges. [6] This absence of Process Mining applications in Produc-
tion Management leads to a lack of management support and operat-
ing instructions. In order to develop a functioning system, the require-
ments of process planer have to be elevated; furthermore, data-driven 

analytics allow new methods and models of data presentation and 
decision-making. By solving these issues, manufacturing companies 
are better capable of optimizing their processes in complex systems 
and producing more cost and time effi  ciently. Besides, providers of 
process mining software gain an additional target audience and are 
able to expand into new markets.

Therefore, the objective of my research is to examine the potential 
of Process Mining technologies to analyze and optimize production 
processes and to design a concept for enterprises with relevant as-
pects for a successful implementation. The most important research 
questions are:
•  What information does the process owner need from the process 

mining tools to perform analysis and optimization?
•  Depending on this, which data must be gathered in the production?
•  Are there strong variants in production processes, which prohibit a 

universal concept?
•  What is the specifi c impact of production strategies on processes 

and with this on the result of process mining?
•  What changes must companies make to successfully implement pro-

cess mining?

RESEARCH APPROACH AND METHODOLOGY
In order to answer these questions, my research will follow the spec-
ifi cations of Design Science Research (DSR) by Hevner et al. 2004 [7] 
using the approach proposed by Peff ers et al. 2007 [8]. In contrast 
to behavioral science, a common research paradigm in information 
systems, DSR focuses on solving concrete problems of the real world. 
DSR turns out to be more suitable, as it allows its user to develop busi-
ness-relevant and usable artifacts within a scientifi cally solid frame.

To ensure a solid scientifi c foundation and to identify relevant liter-
ature, multiple literature reviews are planned, following the recom-
mendations from Webster and Watson (2002). [9] The focus of the 
consideration is, in particular, the topics “Approaches to Process 
Mining in the production” and “Production management methods to 
optimize business processes”. Despite being similar, these diff erent 
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tion of safety-critical events through the analysis of system calls back 
in 1996. The authors map normal behaviour of diff erent programs to 
a database. Known sequences were recorded and split over time win-
dows of a fi xed number of consecutive system calls. Within this time 
window, the relative positions of the system calls to each other were 
determined and stored in the database as normal behaviour. When 
new unknown sequences arrived, a comparison was made with the 
time windows stored in the database in order to detect anomalies in 
the behaviour of the programs. Over the years, many other research 
groups have dealt with the analysis of system calls. In 1999, Warrender 
et al. [2] performed a comparison of diff erent methods for analysing 
system calls. In the last few years, some approaches from text mining 
have also proven to be helpful for analysing system calls. Creech et al. 
[3] present an approach using semantic analysis. Kolosjaji et al. [4] com-
bine convolutional neural networks known for image processing with 
recurrent neural networks mainly used in text mining. Athiwaratkun et 
al. [5] take a similar approach.
In general, two main approaches can be distinguished in the analysis 
of safety-critical events. If the normal behaviour is modelled as in [1, 3] 

and discrepancies from this model are taken into account, this is known 
as anomaly detection. However, as in the case of [4, 5], learning the 
behaviour of typical viruses and comparing new sequences of system 
calls for similarity is called misuse detection.
While various approaches on both, anomaly and misuse detection, have 
been published over the years, anomaly detection still suff ers from a 
high false alarm rate. This is due to the fact that not every discrepancy 
from normal behaviour is necessarily due to a safety-critical event. The 
introduction and calling of new processes can also lead to alarms in 
fast-moving IT systems. Analysing IDS results with many false alarms is 
very time consuming and can only be done by a domain expert. Hence 
it is very expensive. Consequently, the major goal when working with 
anomaly detection methods is to reduce the false alarm rate, e.g. by 
continuously adapting the system. Misuse detection does generate less 
false positives that need time-consuming post-processing by an expert, 
thus this method was able to assert itself commercially. However, misu-
se detection, unlike anomaly detection, cannot detect new attack stra-
tegies. This is why this work aims at improving anomaly detection with 
a lower false positive rate, e.g. through the use of domain knowledge.

PRELIMINARY RESULTS
So far, system calls were identifi ed as suitable data source for intrusion 
detection systems which also have the possibility to give further infor-
mation about the origin of the attack. Good preliminary results have 

been achieved using diff erent kinds of neural networks on the ADFA-LD 
data set [6] and will be published shortly.

PLANNED NEXT STEPS
Intended next steps of this work are a refi nement and extension of the 
algorithms tested so far and their application to additional data sets. 
To the best of our knowledge, only three data sets based on system 

calls are currently available, two of which are outdated. Since anomaly 
detection algorithms are in need of a lot of data, supplementary work 
should be done, to create more system call based data sets.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
The training and validation of anomaly-based systems proves to be 
diffi  cult because labelled data sets are either outdated or cannot be 
published for privacy reasons. Additionally, the use of real system calls 
is problematic since no ground truth (labels) is available and manual 

labelling would be extremely laborious. As a result, few data sets for 
HIDS have been published. Their provision, however, is critical for the 
development and evaluation of new methods. Thus, collaboration on 
the conception and recording of a new dataset is conceivable.
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INTRODUCTION
In the age of digitisation, information security is crucial for the long-
term success of companies. Due to the ever-increasing complexity of 
their IT systems and the resulting large amounts of data, the demands 
on IT security are also growing. IT security increasingly uses data mi-
ning and machine learning for a comprehensive analysis of securi-
ty-related data. However, complex security solutions such as intrusion 

detection systems (IDS) are often not used in small and medium-sized 
enterprises (SMEs) due to a lack of know-how. The PhD project tries to 
overcome this problem with a self-learning and user-friendly system 
that collects and analyses relevant host-based data in order to eff ecti-
vely detect and confi ne attacks.

PROBLEM STATEMENT AND RESEARCH QUESTION
While large companies may have suffi  cient human and fi nancial re-
sources to allow security experts to analyse the alerts of intrusion de-
tection systems, this is usually not possible for SMEs. In order to focus 
on SMEs, it is therefore desirable to present the results in an easily 
understandable format with corresponding instructions for counter-
action. This objective must already be taken into account when de-
veloping a new analysis concept. In addition, the data sources to be 
analysed should have suffi  cient information regarding an identifi ed 

security-critical event to be able to trace it back to its origin. Summari-
sing, the doctoral project addresses three key aspects.
1. Identifi cation of suitable data sources.
2.  Analysis, combination, and refi nement of various machine learning 

methods with respect to their applicability to host-based intrusion 
detection.

3.  User-friendly and understandable presentation of detected an-
omalies.

RESEARCH APPROACH AND METHODOLOGY
Intrusion detection systems can generally be divided into host-based 
(HIDS) and network-based (NIDS) systems. While network-based IDS 
usually gather and analyse the traffi  c in a company network based on 
readily available network components, host-based systems use infor-
mation sources of the own operating system they run on or of its pro-
cesses. While NIDS give a better overview of the overall activity within 
a company network, HIDS have a potential for deeper insights into the 
operating systems and processes and thus into the vulnerabilities used 
by an attacker. Hence, in order to be able to provide countermeasures 
for exploited vulnerabilities or explain the method of intrusion, HIDS 
are the preferred solution fi tted to SMEs.
Data source and data quality are crucial factors in the use of machi-
ne learning methods and there are a lot of data sources of diff erent 
quality available when looking at computer systems within a company 
network. Many programs and services are logging their activities, war-
nings and errors in some way. However in terms of data sources, this 
work initially focuses on system calls rather than conventional log fi les. 
Modern x86/x64 systems do not grant user applications direct access 
to system resources. Applications must send access requests, e.g. to 

memory pages or I/O addresses, to the kernel via system calls. Conse-
quently, any change to the system – at least in theory – leaves traces in 
system calls used by the applications.
A signifi cant advantage of system calls over standard log fi les is the ab-
ility to record and process system calls during their execution, while log 
fi les must fi rst be checked for updates. Conventional log fi les therefore 
can be modifi ed or deleted by attackers before the analysis by an IDS. 
Another disadvantage is that log fi les usually do not contain any raw 
data about the state of a service or process, but only information that 
has already been interpreted. This is also refl ected in the typical free 
text format of log fi les, which also makes analysis by an IDS more dif-
fi cult.
Since system calls can be recorded depending on the running process, 
it is also possible to trace safety-critical events back to the triggering 
process and the planned safety-critical action (e.g. writing a specifi c fi le 
or calling another process). This greatly simplifi es the supply of instruc-
tions for countermeasures for employees who are responsible for the 
security of the company.
Forrest et al. [1] presented one of the fi rst approaches for the detec-
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rently not available in the research domain. Also, comparing diff erent 
dynamic scene understanding techniques on newly introduced prob-
lems requires high-quality sequences for testing. However, there is 
currently no large-scale dataset available for these specifi c problems. 
This makes it a very interesting research direction. Therefore, major 
focus of our research is the implementation and optimization of an 
acquisition and annotation pipeline for effi  cient 3D recording and la-
belling. This work is inspired by other commonly known large-scale in-
door datasets such as ScanNet [2, 3] and planned to be larger, higher 

quality, with greater variance and more realistic in terms of the setting 
and assumptions. We believe this is a main requirement to ensure 
generalizability. The dataset, as well as proposed algorithms use mo-
bile devices (Google Tango) with corresponding mobile sensors (IMU, 
RGB-D). This gives fl exibility to choose alternative data formats (e.g. 
3D point clouds) [3,4]. Together with the dataset, baseline methods in 
form of classical approaches are introduced.

PRELIMINARY RESULTS
As a fi rst step, we implemented a method for static semantic segmen-
tation that was effi  cient enough to run on a mobile device [1]. We then 
continued with a deep learning based approach for semantic segmen-
tation, part segmentation and 3D captioning [6]. It processes point 
clouds in a large-scale setting, memory effi  cient enough to process 
scans of entire apartments all at once. While still assuming a static 
world, [6] gives better quantitative performance, but worse runtime, 

requiring a powerful GPU. However, with continuous improvement of 
the available hardware in embedded systems we expect many deep 
networks to soon be portable to e.g. mobile devices. Therefore, we 
see the real-time requirement as a soft constraint and instead focus 
rather on more theoretical research problems such as 3D change de-
tection and 3D optical fl ow, because there, we see a lot of interesting 
open research questions.

PLANNED NEXT STEPS
Planned immediate next steps involve fi nishing a) the dataset acquisi-
tion, followed by b) its annotation. Since some parts of the annotation 
pipeline are still incomplete, this requires more implementation. Fur-
thermore, the development of a working deep learning based method 
on this dataset requires further exploration. To keep it simple in the 

beginning, the network is trained on semi-synthetic sequences to later 
be transferred to real world data. Then, for better comparison, classical 
baseline methods need to be implemented. For the dissertation, more 
aspects of dynamic scene understanding, based on the acquired data, 
are planned to be covered.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
One open question refers to the size of the dataset that is currently 
built: How much data is really required for testing but also training a 
machine learning algorithm? This is specifi cally important when un-
supervised learning is applied. Another related, but potentially more 
general and scientifi c, question: When can we ensure our evaluation is 

reliable in terms of correctness of the statistical evaluation? I am also 
open for discussions about applying deep learning in diff erent modali-
ties since I believe there are many similarities and possibility for useful 
exchange.
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INTRODUCTION
“Internet of Things, a major component of the modern digital transfor-
mation of business and society, potentially has the power to change our 
every-day-life”. These and similar predictions are built on the assump-
tion that the connected devices are intelligent. Therefore, machine in-
telligence became one of the most active research fi eld in academia 
and industry. A main sub-topic of it is visual perception often referred 
as computer vision. Computer vision is especially important, when ef-
fective and intuitive user interaction is required. It gives the devices 
an understanding of the environment around them as the ability to 
see and process visual input to acquire a high-level semantic map of 

our highly dynamic world. This is often termed 3D scene understand-
ing since it is well-known that understanding outdoor environments is 
important for e. g. autonomous driving, while processing and under-
standing indoor environments - on the other side - has applications in 
robotics, augmented reality, entertainment and for assistive technol-
ogies such as household robotics. This 3D understanding in static as 
well as dynamic indoor environments gives these devices a global un-
derstanding of the space around them and, with this, enables spatial 
reasoning and global planning in aforementioned applications.

PROBLEM STATEMENT AND RESEARCH QUESTION
Our work focuses on algorithms to process real world data of dynam-
ic 3D indoor environments. This covers 3D reconstruction and scene 
understanding algorithms with the goal of equipping mobile devices 
and robots with full spatial and semantic awareness, possibly meeting 
real-time requirements. The objective of these algorithms is to extract 
semantic information from their surroundings and to automatically de-
termine properties of the objects therein such as pose and category as 
well as their spatial, temporal and semantic relationships. In contrast 
to existing approaches, we do not only want to get an understanding 
of static objects but also be aware of dynamic changes. Many state-of-
the-art methods operating indoors are not adaptable to those changes 
[2, 4, 5], even though there is a high demand for such methods from ac-
ademia and industry. An important but related aspect of this research 
is that methods are expected to be easily applicable to the real world. 

This leads back to the challenge to be adaptable to dynamics that occur 
frequently in real world settings. To achieve this, we want to further 
investigate how to eff ectively and effi  ciently use only data from mobile 
sensors. A major challenge there, is the combination of performance 
requirements and available resources on those target platforms such 
as mobile phones and embedded systems. Due to this effi  ciency as-
pect, an interesting research direction to be explored is the use of dif-
ferent data formats such as raw 3D point clouds, 2D images or 3D data 
in regular voxel grids. This involves how to process, store and analyse 
this data for dynamic 3D scenes understanding. We hope that our fi nd-
ings are helpful for the research community to shape future work and 
research directions, enabling contributions in a fi eld that has not yet 
been explored much in the research domain.

RESEARCH APPROACH AND METHODOLOGY
Since a main requirement of the project is to work in the real world, 
the research and the methodology are applied research. Methods 
used in this project are placed in the computer vision and comput-
er graphics domain, often taking advantage of the power of machine 
learning algorithms such as deep learning. To ensure its generaliza-
bility, live demos are usually implemented. These act as interactive 
tests and potentially help to fi nd weaknesses of the algorithms to help 
scale up to real world settings. Our work Real-Time Fully Incremental 
Scene Understanding on Mobile Platforms [1] has for example been de-

ployed to Google Tango phones to a) show its advantages in terms 
of performance – being the fi rst semantic-segmentation framework 
to run in real-time on-board of a mobile device – while b) sill giving 
comparable performance to other state-of-the-art methods. Publicly 
available datasets and corresponding matrices are used to evaluate 
against related work. This ensures a fair comparison that gives a good 
understanding on how our methods perform. On the other side, to 
tackle our dynamic scene understanding problem with a supervised 
deep learning approach requires a huge amount of data, that is cur-
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RESEARCH APPROACH AND METHODOLOGY
To increase the presence induced in the user, we fi rst need to explore 
current interaction methods in virtual reality and then expose factors 
that infl uence presence positively or negatively. After singling out an 
aspect, e.g. how heavy the user expects a virtual object should be, 
we examine related research [3,4,5], generate ideas and concepts 
on how to solve an issue, improve current concepts or develop new 
approaches on how to allow interaction and feedback methods that 

induce higher presence in the user. After generating an approach, we 
check the feasibility and possible physical constraints. After reifying 
the concept we build a working prototype that lets users immerse into 
and interact with the virtual world. To evaluate the eff ect of such an 
approach we conduct user studies in order to empirically evaluate the 
approach and fi nd out possible eff ects and issues that need to be im-
proved.

PRELIMINARY RESULTS
As this is my fi rst year in my PhD most projects are still being devel-
oped and evaluated. Therefore we are in an exploratory phase and 
develop various prototypes for testing.

So far we utilize the fact that simple illusions can often be used to trick 
the user into feeling a higher presence. Purchasable hardware (e.g. 

drones) often does not fulfi l the needs for research projects. Specifi -
cation of commercially available drones are not suited for mounting 
of additional hardware and are not accurately controllable by automa-
tion and therefore limit the achievable eff ects that is needed to create 
haptic feedback.

PLANNED NEXT STEPS
We are planning to further investigate methods of providing simple 
feedback cues that give the illusion of feeling feedback and allowing the 
users to interact with the virtual world in a more direct way that does 
not involve input methods such as hand-held controllers.

By using VIVE Trackers we are going to introducing haptic drones into 
the virtual space by using the lighthouse system. This eliminates the 
need for external tracking, such as OptiTrack.

Currently, we are looking for expert users for evaluating instructions 
for building custom drones and a Unity3D interface that allows the au-
tomation of these drones.

Further, the planing, design and construction of several prototypes for 
providing haptic feedback in virtual reality are being developed.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
As some planned prototypes include complex automation tasks we are 
currently looking for a cooperation with people that have experience 

in the fi eld of robotics and automation of KUKA or similar robots. The 
robots would need to accurately react to and mimic users movements
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INTRODUCTION
Virtual Reality allows users to move to diff erent places, he or she can 
immerse into an underwater world, outer space or even fi ctional worlds 
that withstand physics or logic. This is often accomplished by diff erent 
modalities. Such as head-mounted displays (HMDs), for changing what 
the user sees. Headphones that let the user hear sounds and music and 
drown out the sounds from the real world. But also, hand-held control-
lers, that let the user interact and feel simple feedback signals of the 
virtual world.

The quality and fi delity of video and audio increases as technology im-
proves. Higher resolution displays remove the "fl yscreen" eff ect, where 
single pixels and the black space in between are visible. High fi delity he-
adphones can create accurate sound representations. Improved sound 
engines can create higher quality three-dimensional sounds. The accu-
racy and speed of tracking improve and therefore erase some factors 
of motion sickness.

However, humans do not only rely on their vision and hearing, but also 
on their sense of touch. Humans tend to physically explore their sur-
roundings by touching objects, feeling the resistance, weight and surfa-
ce structures. Therefore, ways of providing adequate haptic and tactile 
feedback are needed to induce a high level of presence, that makes the 
user feel as he or she would be actually in the virtual world. Current 
solutions, e.g. hand-held controllers, neither provide accurate interac-

tion methods nor do they provide more representative feedback than 
simple vibration signals.

Haptic exploration consists of two main components, fi rst the ability to 
interact with the surroundings (e.g touching objects, having a physical 
impact) and second, the reaction of the world by giving adequate feed-
back and reacting to the users actions.

The quality and accuracy of interaction methods are commonly realised 
with some form of controller. These hand-held devices allow interac-
ting with the virtual world by pressing buttons as a form of "grabbing" 
or activation. Additionally, feedback can be felt as vibration motors are 
being activated at the point of contact or impact. These low-resolution 
feedback methods can serve as a notifi cation and signal of interaction, 
but are too coarse to make interactions, such as touching an object, 
feel "real".

Therefore, we are developing and evaluating methods that give the il-
lusion of interacting with complex surroundings without the need to 
exactly rebuilt the virtual world with physical tokens. We rather want 
to build adaptive, dynamic systems that give the user the illusion of a 
completely physical world where touching everything is possible by gi-
ving simple impulses.

PROBLEM STATEMENT AND RESEARCH QUESTION
In contrast to other modalities such as vision and hearing, higher reso-
lution hardware or better algorithms are suitable to increase the level 
of immersion. For haptic exploration, new concepts of providing haptic 
feedback and enable interactions are needed. It is possible to replace 
hand-held controllers with sensors that allow hand tracking [1]. Such 
sensors allow to bring the user’s hands into the virtual world and show 
a virtual representation of the user's hands. The user can interact with 
the virtual world and push or grab objects, but due to the missing vibra-
tion motors, no haptic feedback is possible. Our approach is to combine 

both, bringing the user’s hands into the virtual world, while still being 
able to provide haptic feedback.

For a seemingly real world in virtual reality, a certain technological level, 
the so-called immersion, is needed. A higher immersion helps to induce 
a higher level of presence in the user. And the higher the presence, the 
more the user 1 accepts the virtual surrounding as "real" and is more 
engaged in what is presented to him or her [2].
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Following the above-mentioned work on parallel real-time scheduling, 
the research approach is subdivided into four subdomains: At fi rst, 
widely known parallel and concurrent design patterns, for example 
map-reduce or divide-and- conquer, shall be investigated for applicabil-
ity in real-time systems. Secondly, a mathematical approach shall give 
insight about the worst-case timing behavior with respect to diff erent 
amounts of workloads and a variety of scheduling algorithms on a di-
verse number of processing units and hardware architectures. In the 
third subdomain, the adapted patterns will be implemented using the 
C++ programming language which is taking important steps towards 
pattern-based, fi ne-grained parallelism and heterogeneous computing. 
A template-based approach is used in order to provide simple and re-
usable interfaces for the adapted patterns. The distribution of the work-

loads among various processing cores and hardware architectures will 
be handled by the underlying software framework. On that account, 
diff erent scheduling mechanisms will be evaluated so that optimal col-
laborations between the patterns and the algorithms lead to reduced 
computation times. Also, the application of real-time safety patterns, 
as for example the heterogeneous redundancy pattern, on the parallel 
and concurrent design patterns will be contemplated so as to improve 
the reliability. At last, benchmarks will then be conducted on the imple-
mentation in order to reassure the correctness of the theoretical work 
under real conditions. The outcome of the four subdomains shall be 
summarized in the aforementioned pattern catalog.

PRELIMINARY RESULTS
The work so far has focused on a design pattern from the area of dis-
tributed computing. A concurrency pattern, namely the Active Object 
pattern which provides synchronized access to an object shared be-
tween multiple threads of execution, has been adopted for the proper 
utilization in time-critical systems. The response time analysis has been 
conducted and a simple, reusable C++ template implementation has 

been established. Furthermore, parallel patterns are currently being in-
vestigated and their timing behavior is being analyzed in order to adapt 
them for time-sensitive environments. Results on their worst-case tim-
ing behavior are expected soon, as an adjustment from the works pro-
posed in [2] and [3] is manageable.

PLANNED NEXT STEPS
The aforementioned parallel patterns need further investigation re-
garding their response times. Subsequently, they shall be implemented 
in the C++ programming language in conjunction with diff erent sched-
uling algorithms in order to identify optimal collaborations between 
the design patterns and the dispatching mechanisms. Furthermore, 

practical evaluations on heterogeneous hardware architectures of the 
implemented patterns will follow in the future in order to review the 
correctness of the real-time analysis. Finally, the successfully adapted 
patterns of the previous steps will then be united in a pattern catalog.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
Due to the large variety of parallel and concurrent design patterns, it 
is not possible to conduct the proposed research approaches on all 
of the patterns that are suitable for a real-time adaption. Also, more 
ways of analyzing the timing behavior are conceivable. This implies 
that collaboration on the adaption can be performed on diff erent lev-
els. As an example, this work would benefi t greatly from timing simu-
lations conducted on the execution of the design patterns under the 
use of the selected scheduling algorithms as an intermediate step be-

tween the timing analysis and the implementation on real hardware.
Furthermore, many perspectives have to be considered in the sector 
of real-time scheduling which makes a thorough analysis cumber-
some. Feedback and reviews concerning the investigations of the tim-
ing behavior are therefore indispensable. 
Thus, collaborations with experts from the fi eld of theoretical comput-
er science, especially in the real-time area, would greatly contribute to 
this thesis.
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INTRODUCTION
Nowadays, according to Herb Sutter, one can fi nd a „Heterogeneous 
Supercomputer in every Pocket“ [1]. This implies that software devel-
opment needs to undergo a decisive change in order to fully exploit 
the hardware resources at hand. The high performance computing and 
distributed computing sectors have dealt with parallel and concurrent 
computing for some decades. They therefore have accumulated expe-
rience in developing scalable software for heterogeneous computer ar-
chitectures, as for example multi-core processors, fi eld programmable 
gate arrays or digital signal processors. Many design patterns for paral-
lelism and concurrency have been established since. These add a great 

benefi t to the software development process of massively parallel and 
heterogeneous hardware by providing reusable, tested and well-prov-
en development paradigms. 
However, those patterns do not necessarily satisfy the strict require-
ments imposed by real-time systems and therefore are not easily ap-
plicable in time- and safety-critical environments, as for example the 
automotive or avionic sector. Naturally, these sectors would benefi t 
greatly from the existing knowledge. As a consequence, thorough in-
vestigations and adaptions of those patterns, regarding their timing 
behavior and safety, must be conducted.

PROBLEM STATEMENT AND RESEARCH QUESTION
The development of parallel and concurrent applications is a cum-
bersome endeavor. Obstacles, as for example improper data locali-
ty, communication overhead or data races, pose a big challenge for 
scientists and programmers. On that account, developers can resort 
to numerous, well studied design patterns which help them to solve 
repetitive parallel and concurrent problem statements and thus, al-
low them to focus on the implementation of the required algorithms. 
For this purpose, parallel computations are broken into smaller work-
loads and scheduled among diff erent processing cores or hardware 
architectures. Yet, a factor that plays an important role in time-critical 
systems is the timing behavior of computations: Real-time tasks must 
meet their deadlines in order to maintain correct system operation. A 
common way to express the timing behavior of those tasks is through 
the worst-case response time, which, in addition, is often used to ana-

lyze the feasibility of the system at hand.
This thesis is located at the intersection of the aforementioned sectors 
and deals with the investigation of fi ne-grained parallelism and con-
currency patterns in heterogeneous real-time systems. Consequently, 
common design patterns are identifi ed for a suitable adaption to the 
real-time sector and their timing behavior on diff erent computational 
resources is evaluated. The results will be collected in a pattern cata-
log for easy to handle parallel and concurrent real-time patterns that 
supports software developers in their design of real-time applications 
on heterogeneous multi-core architectures. In summary, this thesis 
is concerned with the adoption of well studied parallelism and con-
currency design patterns to the real-time domain and the analysis of 
their applicability.

RESEARCH APPROACH AND METHODOLOGY
Much literature can be found on the scheduling of parallel applications 
in real-time systems. In [2] and [3] Maia et al. and Parri et al. provide 
means to calculate the worst-case response time and a schedulability 
analysis of parallel fork/join and directed acyclic graph tasks, respec-
tively. Both of their task-based approaches rely on the interference that 
parallel tasks suff er by either themselves or other tasks in the system. 
This methodology can be adopted in order to realize the timing analysis 
of the selected parallel patterns. In terms of distributed systems, there 
exist a vast amount of concurrency patterns. Some of them are well 

described in [4]. Yet, a thorough search of the state of the art literature
yielded no real-time investigation of these patterns. Synchronization 
patterns on the other hand are well examined in the real-time sector, 
as for example by Sha et al. in [5], and thus are not an essential part of 
this work.
While the previously mentioned works of [2] and [3] focus on schedul-
ing of parallel real-time tasks, this work concentrates on the individual 
design patterns with means to provide a “building block” concept for 
the development of parallel and concurrent real-time applications.
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RESEARCH APPROACH AND METHODOLOGY
In a fi rst step, we use quantitative measures, based on graph theory, 
mathematical models, and predictions of the behavior of single devel-
opers or developer groups, to get an overview of the core organiza-
tional principles, and to compare them. For example, a centrality meas-
ure shows us the most active and consequently the most important 
developers in the OSS project. The distribution of a centrality measure 
characterizes the strength of the dependence of a project on single de-
velopers. Our approach is rooted in the area of network analysis and 
repository mining. Networks are good approaches to model the inter-
action between diff erent developers, because networks focus on the 
main aspects of interaction and neglect unnecessary details [3]. We use 
version-control data from repositories, mailing lists, and issue trackers 
from OSS projects to build networks, in which we model developers 
and/or source-code artifacts as vertices and interactions as edges. For 
example, when looking at developers’ mail communication, developers 
are vertices and each mail is a directed edge between the sender and 
the receiver. Then, we use network measures to analyze these net-
works. With mathematical models, rooted in diff erent disciplines, such 
as epidemiology [4], we model evolution processes in software devel-
opment projects and predict project behavior.
These models can be evaluated by comparing the observed behavior 
with the predicted behavior. In a second step, we plan to validate and 
complement the quantitative measures by qualitative research to get 
a more detailed understanding. Regarding qualitative methods, we 
will use surveys and interviews. These methods can be helpful to get 

a deeper understanding of processes in a specifi c project, for exam-
ple, why a certain developer uses a certain communication channel at 
a certain point in time. Another interesting approach can be to analyze 
specifi c situations in one project and compare the results for OSS devel-
opment projects with commercial software projects. For this analysis, 
we are preparing a study at our industry partner, Microsoft Research.
Our methodological approach is backed by previous research. A re-
search group around Apel and Joblin started using networks to ana-
lyze development in open source software projects [2,3]. Our research 
builds on their fi ndings and data operationalization, in that we reuse 
their tools, e.g. Codeface (available at: https://github.com/ siemens/
codeface) and their intuitive notion of developer collaboration. Anoth-
er group of researchers around Häussler and Harnisch evaluate the 
organizational structure of the Linux community and how developers 
advance in the developers’ organizational structure [1]. We also build 
on this work, as it provides a good starting point to understand spe-
cifi c processes in the most well-known and biggest OSS project, Linux 
[1]. A mathematical approach of organizational structure is described 
by Ravasz and Barabási [5], who model structure based on hierarchy. 
We use their model to build our own mathematical theory on how net-
works evolve. 
By combining previous approaches, we gain a novel perspective on the 
problem of developer collaboration. Moreover, we combine diff erent 
data sources to get a broad

PRELIMINARY RESULTS
Software projects usually change over time, for example, in the num-
ber of developers, their organizational structure, and the turn-over of 
developers. To get as much information as possible, we have combined 

data sources, e.g., mailing list and issue information. We have comput-
ed fi rst measures and created fi rst visualizations of network character-
istics, such as hierarchy.

PLANNED NEXT STEPS
Our fi rst line of work concentrates on fi nding an intuitive notion of hi-
erarchy and on the analysis of the dynamics of hierarchy in the context 
of OSS projects. Then, we plan to evaluate and extend our defi nition 
with qualitative methods. I am still in the fi rst year of my PhD, in which 

I have explored numerous ideas and directions. Especially exploring 
hierarchy and enriching this understanding by qualitative methods is 
very promising, so I am convinced that this plan will lead to a successful 
dissertation.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
A big issue is the reusability of our analyses in companies. It would be 
very interesting to evaluate our measures in companies to contrast 
them with OSS projects, so that we can understand in which aspects 
they are diff erent and in which they are equal. To compare our results 

from OSS projects with industrial projects, we would like to cooperate 
with an industry partner. We have a cooperation with Microsoft Re-
search. However, we are seeking contact to further companies.
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INTRODUCTION
The human factor plays a key role in software development, because 
humans are developers and users of software. Thus, understanding hu-
man behavior in development process has been attracting researchers’ 
attention. A high proportion of the software we use is open-source soft-
ware (OSS). This kind of software is particularly interesting for research, 
as it is mainly developed by volunteers and thus the project

organization diff ers from commercial projects. In this thesis, we focus 
on human behavior during the software development process. Specif-
ically, we search for structures in developers’ collaboration and com-
munication to understand organizational structures of OSS projects. 
Our goal is to provide insights and tools to optimize the development 
process of OSS.

PROBLEM STATEMENT AND RESEARCH QUESTION
Organizational dynamics, which aff ect failure or success of projects, 
and the behavior of individual developers are not well understood. 
However, to optimize the development process, it is important to track 
organizational dynamics. For example, by analyzing the organizational 
structure of the Linux project researchers found that the project would 
profi t from a reduction of the communication cost. With the growing 
number of contributers, the maintainers are overloaded with the in-
creasing bureaucracy1. 
Aligning coordiation needs and eff orts, is of particular interest in OSS 
projects. In such projects, volunteers play a crucial role and organiza-
tional structures are often very loose [2]. Many OSS projects have a 
huge impact on software engineering nowadays. For example, employ-
ees of Google contribute to Linux and build Android on the Linux ker-
nel. Thus, although Linux and Android are OSS projects, they are also 
driven by companies. 
Before we can improve the organizational structure, we evaluate how 
developers communicate and collaborate, and also understand their 
behavior as individuals in the software project. Moreover, developers 
have diff erent roles and can move up in the hierarchical structure of 
an OSS project. 
With regard to the described problems, we formulate
the following research questions:
•  To optimize communication, we must understand communication 

habits of developers. Which diff erent communication channels do 
they use in OSS projects, and how do they diff er in usage?

•  To compare projects according to their structure, we need to fi nd com-
parable measures, for concepts like hierarchy [5]. What are the organi-
zational structures of the projects?

•  To diagnose problems, we need to track changes. How does the or-
ganization evolve over time?

•  To understand how a single developer infl uences a project, we need 
to understand the behavior and characteristics of a single developer. 
How do they infl uence the developer’s role in an OSS project?

•  To predict the evolution of a role of a developer, we need to under-
stand her motivation. How does a developer choose the parts on 
which she like to work? 

To answer the research questions, we combine approaches from em-
pirical software engineering, behavioral research, and network analysis. 
For example, we investigate the explanatory value of new multi-dimen-
sional network models for understanding the development process. 
Thus, as a fi rst result, we expect a theory that explains how OSS devel-
opers coordinate their work. This can improve guidelines that support 
developers to communicate effi  ciently. Further, the results will allow to 
improve support and lead systems, for example in GitHub. This way, we 
improve the organizational fl ow in the OSS projects.

1 https://www.heise.de/newsticker/meldung/Linux-Entwickler-
Kernel-Community-wird-unter-eigener-Buerokratie-
zusammenbrechen-4030460.html. Last accessed on 26.08.2018
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ware development domain. Afterward, we select and implement the 
most promising methods.
3. Evaluation and answering of research questions: We will conduct a 
survey among developers of diff erent background and experience lev-
el. Each participant rates random code artifacts on a similarity scale. 
Subsequently, we compare the inter-rater agreement to determine the 

reliability from the human perspective and in relation to background 
and experience level. To determine the most suitable method for se-
mantic coupling, we compare and interpret the human ratings versus 
the computed scores per method. In a follow-up survey, participants 
will assess the perceived usefulness of semantically grouped artifacts 
by comparing manual groupings with computed groupings.

RELATED WORK
Joblin et al [2] investigate the coordination of software developers 
based on technical artifacts. Whenever developers have contributed 
to semantically coupled content at the same time, the authors assume 
collaboration between these developers. Our research on collaborative
behavior among software developers is closely related to this work and 
our starting point is to replicate and build their results. In the long term, 
semantic coupling will help us to understand how developers coordi-
nate their maintenance eff orts.
In an empirical study, Bavota et al. [1] have shown that a semantic 
measure better refl ects a developer’s mental representation of a soft-

ware system than other coupling measures. Their similarity results are 
based on Latent Semantic Indexing.
Similarity measures that leverage knowledge-based tools, such as 
WordNet, perform poorly in the software domain, because the mean-
ing of a word in general-purpose conversations often diff ers from its 
use in the software context [7], e.g., ‘disabled’ in general means ‘hand-
icapped’, in the software context, it means ‘not active’ [5]. Researchers 
have built tools to derive similar terms in the software context [4-6], 
which we intend to use in our work.

PRELIMINARY RESULTS
At this early stage of the project (started July 2018), I have familiarized 
myself with the topic, key players, and literature. I have also invested 
time in preparing the data: Sifting through sample open source pro-

jects, ensuring the proper handling of fi le encodings, removing of po-
tentially problematic characters (e.g., control characters, emojis), and 
annotating code artifacts with syntactical information.

PLANNED NEXT STEPS
The next step of the project is to fi nalize the selection of semantic cou-
pling methods and start with the implementation.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
The choice of artifact samples and questions for the survey are crucial 
to ensure a meaningful and valid outcome. We would appreciate input 
regarding the design of our survey and its experimental set-up. Ideas 

addressing the visualization of semantic areas are also more than wel-
come.
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INTRODUCTION
When we decompose a software system, we fi nd an extensive collec-
tion of software artifacts that are linked in various ways. Un-informed 
changes in one part may unintentionally aff ect other parts of the 
system [2] and lead to bugs. Therefore, in the software development 
process, an essential skill is the ability to form an understanding of 
code parts of interest, as well as of their interplay. It entails the navi-
gation and skimming through source code artifacts —not all of which 
are relevant. To assist developers, some developer tools (e.g., Sci-
Tool’s Understand) off er a code analysis based on static code features 
such as function calls, variable access, and inheritance relations, to 
automatically couple associated entities and display them according-
ly. This approach is based on structures in the code, and although 

it is benefi cial [1], it refl ects the coupling as perceived by developers 
only partly [1]. By contrast, coupling based on semantic information 
found in identifi ers and code comments seems to align better with a 
developer’s mental model, especially as it uncovers otherwise hidden 
relationships [1]. For example, two individual software artifacts that 
contain similar terms (e.g., class VideoPlayer with a method called mu-
teAudio() and class VideoEditor that contains a comment “\\turn off  au-
dio”) are considered to be semantically related. As a fi nal outcome, we 
envision a map where semantically related code artifacts are grouped 
into distinct areas (similar to Richard Wettel’s CodeCity). To enrich the 
visulization by coordination information, we envision to also integrate 
in which semantic neighborhoods others are currently active.

PROBLEM STATEMENT AND RESEARCH QUESTION
When starting to work on unfamiliar code, developers often spend a 
considerable amount of time and eff ort to orient themselves. Assisting 
developers in grasping the conceptual dimension of a system will not 
only accelerate this phase, by revealing possibly hidden areas of poten-
tial impact, it may also serve as a valuable means to prevent bugs and 
ineffi  ciency. 

Our key research question is: What is the best method to measure seman-
tic similarity in the domain of software development? 

As no objective measure for similarity exists [3], we are interested in 
how well human assessment and computed similarity align. Thus, to 
evaluate our operationalization of semantic similarity, we invite devel-
opers of and experience level to rate the appropriateness of similarity 
and semantic grouping of artifacts: To what extent do developers of diff er-

ent background and experience level agree about semantic similarity with 
each other and with the computed results? To what extent do developers 
perceive the semantic grouping as useful? 

We aim to contribute an evaluation of diff erent semantic similarity 
measures in the software domain. Furthermore, by translating se-
mantic closeness into a visual map, we will off er a fresh perspective 
on software systems. In the future, this information can be combined 
with developer activity, e.g., to study whether developers prefer to stay 
within the
boundaries of specifi c semantic areas. Incorporated into an integrated 
development environment (IDE) and based on a developer’s current ac-
tivity, semantic similarity can be used for concrete recommendations to 
evaluate or modify code elsewhere.

RESEARCH APPROACH AND METHODOLOGY
1.  Data: We use codeface to mine and store data from publicly availa-

ble open source projects. In an initial preprocessing step, we enrich 
the source code artifacts with syntactical annotations on the lexeme 
level (e.g., marking of keywords, identifi ers, comments) to enable 
programming language independent analyses under diff erent con-
ditions (e.g., inclusion or exclusion of reserved keywords from code, 

but not comments). Further preprocessing steps include: Splitting 
the textual data into individual words (tokenization), removal of the 
most common english words (i.e, ‘stop words’) or reducing words to 
their stem.

2. Methods to measure semantic similarity: This step includes research-
ing established state of the art methods within and outside of the soft-
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behavior when choosing a service provider is explored: Do subjects 
want transparency? Do content and services providers have an in-
centive to be transparent? How does transparency aff ect compe-
tition? This idea builds on research in the context of uncertainty 
and decision analysis (e.g., Li, Müller, Wakker, & Wang, 2017) and is 
among the fi rst experimental studies to explore ambiguity attitudes 
in the context of data. Second, users’ data disclosure behavior under 
risk, ambiguity and certainty as well as diff erent gain settings (e.g., 
money, service personalization) is analyzed empircally: Does willing-

ness to disclose data diff er under diff erent uncertainty structures? 
Does the gain setting have an impact on data disclosure? This idea 
builds on studies on uncertainty in the context of privacy (e.g., Ac-
quisti & Grossklags, 2012), users’ data disclosure behavior (e.g., John, 
Acquisti, & Loewenstein, 2011) and the privacy calculus (e.g., Dinev 
& Hart, 2006). Up to now, privacy research has mostly used scenar-
io-based surveys. Thus, economic laboratory experiments can help 
to isolate behavioral eff ects and investigate privacy in the context of 
revealed preferences.

PRELIMINARY RESULTS
The interdisciplinary review of the economic, information systems and 
marketing literature provides a basis to draw overreaching policy im-
plications. Foremost, although data generally provides a fi rm with a 
short-term competitive advantage, this advantage does not necessari-

ly need to translate into market power. Instead, the fi ndings indicate a 
subtler relationship that is strongly infl uenced by an additional set of 
factors (e.g, network, scale, scope and eff ects, data-induced switching 
costs), which may mutually infl uence and reinforce each other.

PLANNED NEXT STEPS
•  Feedback from conference presentations on the literature review is 

currently incorporated into the working paper. Policy implications 
are discussed with policy makers and practitioners.

•  After fi nalizing the experimental design, experimental sessions will 
be run.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
•  I would appreciate feedback from other empirical researchers on the 

experimental set-up and design: e.g., how to collect personal data in 
the lab (or fi eld)? How to incentivize participants?

•  Moreover, technical expertise would help to better understand how 

transparency can be implemented in practice. Further issues like al-
gorithmic transparency could be explored. Legal expertise on how 
to transform policy recommendations into a regulatory framework 
would also be helpful.
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INTRODUCTION
•  Data is considered to be the new oil of the digital economy and the key 

ingredient for today’s datadriven business models. Firms that have ac-
cess to a large set of unique user data are among the highest valued 
fi rms measured by market capitalization and the transaction value of 
recent mergers and acquistions (e.g., Facebook and Whatsapp) un-
derscores the importance and value of access to data. Users benefi t 
from the collection of personal data as it provides them with access to 
(personalized) services, recommendations and more relevant adver-
tisements. However, the central role of (personal) data raises several 
important regulatory concerns and challenges. Thus, the goal of this 
dissertation is to study the implications of the collection of (personal) 
data for fi rms and users. Two research projects carried out in the con-
text of this thesis are summarized in the following: a literature review 
on the competitive eff ects of data and an experiment on the behavio-
ral eff ects of data collection. 

•  As online platforms like Google Search, Amazon and Facebook have 
gained substantial market shares in various online content markets, 
they now frequently represent gatekeepers between internet users 
and internet content. This market position allows those fi rms to col-
lect and process data on any transaction or interaction carried out on 
their platform. In consequence, the possession of large data sets or 
the ability to collect such data may provide a fi rm with signifi cant data 
power. In addition, a fi rm’s competencies with respect to data analy-
sis and data processing may also be subsumed under this concept. 
In general, it is assumed that such data power provides a fi rm with 
a competitive advantage. For example, the collection and processing 
of large sets of personal data enables online search engines to con-
tinually improve their search algorithm and hence the quality of its 
service, which again may attract more users. Moreover, this data ena-
bles a search engine to place targeted advertising, which strengthens 
the fi rm’s market position in the online advertising market. However, 
whether such competitive advantages based on data power lead to 

market power in the long run and protect fi rms from competition is 
debated controversially in the literature and is therefore explored in 
depth in this thesis.

•  As data-based competitive advantages are dependent on a fi rms’s su-
perior ability to collect and process data, data collection does not only 
off er benefi ts to users but also makes them vulnerable. In particular, 
information asymmetries between users and fi rms regarding data col-
lection, usage and disclosure induce uncertainty and potential harm. 
For example, fi rms might use personal data for price discrimination, 
spam or data sharing with third parties. Research shows that (Per-
ceived) Privacy Risk, i.e., “the expectation of losses associated with the 
disclosure of personal information” (Xu, Dinev, Smith, & Hart, 2011, 
p.804), may increase Privacy Concerns (e.g., Dinev & Hart, 2006) and 
negatively impact users’ disclosure intentions (e.g., Malhotra, Kim, & 
Agarwal, 2004). In order to assess privacy risks, users are said to eval-
uate the probability and severity of the negative consequences related 
to data disclosure. In reality, however, these two aspects are rarely 
known to users and users fi nd themselves in situations of ambiguity 
(unknown or uncertain probabilities) rather than risk (known proba-
bilities). According to surveys, users indeed wish to have more trans-
parency about data collection and usage in order to better assess the 
benefi ts and risks of data disclosure. Furthermore, one of the guiding 
policy principles of the Digital Single Market strategy of the European 
Commission is “[f]ostering trust, transparency and ensuring fairness” 
(EC, 2016). However, research does not show a clear eff ect of trans-
parency on user behavior. Although transparency may increase e.g., 
the eff ectiveness of personalized advertisements and recommenda-
tions, cognitive biases in individual decision-making can also lead to a 
reduced eff ectiveness of transparency concepts in practice. Thus, the 
goal of this thesis is to study the behavioral eff ects of transparency in 
privacy contexts based on an economic laboratory experiment.

PROBLEM STATEMENT, RESEARCH QUESTION AND
METHODOLOGY
•  The goal of the literature survey on the competitive eff ects of data 

collection is to explore the relationship between data power and 
market power and to provide an overview of the factors which favor 
the transition of short-term, data-based competitive advantages to 

long-term market power. Based on the fi ndings, the eff ectiveness of 
possible interventions by competition and regulatory agencies that 
have been proposed by scholars and practitioners are evaluated.

•  The experimental study investigates two related issues. First, users’ 
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PRELIMINARY RESULTS
The results so far showed that the amateur and the professional group 
showed a lower level of cognitive activity during the incoming-phase 
compared to the outgoing-phase (in both standard situations). Fur-
thermore, we found that the short time frames of professional sports 
can be tracked validly during active movements in real world scenar-

ios. Therefore, for further fi ndings it is expected that the ICA can be 
reliably used in an application-oriented real world context, such as 
badminton.

PLANNED NEXT STEPS
In a next step the reliable measurements of the ICA in an applica-
tion-oriented real world context will be tested further and in various 
other sports-contexts. For example, in a goalkeeper training scenar-
io in order to develop a training-concept which improves speed and 
accuracy. However, apart from the sports-focus, other applications 
for ICA measurements could be found in human computer interac-
tions. Like a teaching robot who would be able to measure the ICA of 
a student during automated teaching sessions and would therefore 
be able to react to the cognitive eff orts by switching the topic’s diffi  -

culty level (for example Beginner, Advanced and Professional) within 
a learning session.
To be regarded as a dissertation there is currently still a lot of work to 
be done, especially in the form of more thorough research and pub-
lishing results. The aforementioned preliminary study was merely a 
fi rst step to prove that the ICA technique can be applied in real-world 
scenarios. Onwards, there are many diff erent applications to the ICA 
measurement in various scenarios. As stated, this could be either in 
professional sports training or human computer interaction.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
At the moment the project lacks suitable research partners and forms 
of fi nancing to gather further applicable insights. Therefore, the biggest 
question is how to establish suitable research partnerships and to iden-
tify third-party-funding for a thorough research project.

The expertise of the project exists in the domain of sports. But due to 
the existing link to the research fi eld of human computer interactions, 
cooperations with experts within the domains of artifi cal intelligence or 
machine learning could prove to be useful.
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INTRODUCTION
The Index of Cognitive Activation (ICA) (Marshall, 2000, 2007) is still a 
relatively novel technique of pupil dilation measurement. It doesn’t use 
the overall changes in size of the pupil, but instead measures the fre-
quency of rapid small pupil size variations. Therefore, it is argued that 
the ICA is more robust to changes in ambient light and eye movements 
than other techniques. This has been successfully applied in laboratory 
conditions (Marshall, Davis & Knust, 2004). For example, by applying it to 

driving simulations (Schwalm, Keinath & Zimmer, 2008; Dlugosch, Conti 
& Bengler, 2013). In a fi rst study went one step further and applied the 
ICA to examine the cognitive load level outside of a laboratory condition 
by examining badminton players of the German national team as well 
as amateurs while being in various standard game situations, to prove 
that the ICA is a reliable measurement in real world scenarios.

PROBLEM STATEMENT AND RESEARCH QUESTION
The fi rst problem to solve with this study was to examine if the ICA 
technique can reliably be used in application-oriented real-world 
contexts, such as badminton. This is fundamental for further use of 
the ICA technique, for example online measurement of the cognitive 
load level. So, the key research question is how the information about 

cognitive load levels is benefi cial for scientifi c research. Within the 
domain of sports-research, improved training is oftentimes defi ned 
by applying new concepts to standardized situations. Therefore, the 
necessary cognitive functions of applying those training concepts is 
the main focus of interest within my dissertation.

RESEARCH APPROACH AND METHODOLOGY
In order to test the ICA technique, the data of 45 amateur and profes-
sional players were obtained by having the subjects wear a portable 
Eye-Tracker (SMI ETG2), tracking their pupillary responses at 60Hz and 
120Hz. 38 valid datasets consisting of 28 amateur players and 10 pro-
fessional players were examined. The test subjects were asked to play 
two standard game situations: A serve and a return smash defense. 
For the analysis, both game situations were divided into two diff erent 
time intervals. The fi rst contact with the shuttlecock was used as the 
starting point and from there a one second period before the racket 

made contact (incoming) and the subsequently second after the rack-
et-contact (outgoing) was used for analysis.
The three most important works are from Marshall, Davis and Knust 
(2004), Schwalm, Keinath and Zimmer (2008) and Dlugosch, Conti and 
Bengler (2013). These works showed the reliable measuring of cogni-
tive load levels with the use of the ICA technique in diff erent laborato-
ry conditions, for example driving simulations. Our preliminary tests 
relied on these fi ndings, but we applied the ICA technique to a real 
world scenario.
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RELATED WORK
•  According to e.g. Samuelson (2000) the absence of intellectual proper-

ty rights (which may be weakened by a right to data portability) might 
harm society due to reduced incentives to invest in data creation. Zhu 
et al. (2008) investigate the incentives of a database’s creator if an-
other fi rm can reuse the underlying data. They fi nd that a low level of 
diff erentiation between the original database and the database of a 
free-riding competitor might discourage the former to create the da-
tabase in the fi rst place. In this context, compensation of the data cre-

ator might help to overcome this issue. As noted by Swire and Lagos 
(2013) the right to data portability might have similar negative eff ects 
on fi rms’ incentives to innovate and create databases.

•  However, the right to data portability in conjunction with Personal 
Data Markets does not only entail direct eff ects on market partic-
ipants, but also induce additional strategic implications leading to 
counterintuitive fi ndings. The contribution of this study is to identify 
these eff ects and to provide a framework for regulatory interventions.

PRELIMINARY RESULTS
•  A Personal Data Market that pays users for access to their data orig-

inally created by a platform and monetizes these data by providing 
similar data services exerts competitive pressure on the platform 
which might reduce the latter’s profi ts.

•  If a Personal Data Market is able to generate a relatively high revenue 
from data services, it might have an incentive to boost data creation 
on a platform by remunerating consumers for the creation of data. In 
consequence, consumers may increase their usage.

•  Platforms might have an incentive to reduce quality for two reasons: 
i) because of reduced returns on quality investment due to additional 

competition and ii) in order to induce the Personal Data Market to 
subsidize usage through a positive price for consumers’ data.

•  Even though content providers lose exclusive access to data created 
at their website, they might benefi t from Personal Data Markets, if a 
consumer’s additional monetary incentive to create data outweighs 
negative implications from increased competition.

•  Consumers might actually be worse off  when remuneration does not 
outweigh reduced service quality in the presence of the Personal Data 
Market.

PLANNED NEXT STEPS
•  Within the next months, extended versions of the model will be an-

alysed to test the robustness of the main model and gain more nu-
anced insights.

•  For future work, I consider to do research on the incentives of users 
to create and sell high-quality data in the context of diff erent stated 
purposes of data collection.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
Collaborations with technical experts would be helpful to better under-
stand the eff ects of data quantity and data quality on machine learning 

outcomes. Besides that cooperation with legal experts might be fruitful 
to turn insights into regulatory practice.
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INTRODUCTION
In the online ecosystem, platforms often engage in a business model in 
which they serve two distinct customer groups: consumers and users 
of data services. Whereas consumers are typically natural persons, data 
service users are companies interested in e.g. placing targeted adver-
tisements or generating insights through data analytics. 
Many online platforms off er their services to consumers free of charge. 
However, by using these services, consumers create data. These data 
are then used by the platform to off er data services to the data service 
users.

In this context, scholars have raised the question, whether users 
should be remunerated for data creation akin to labor (Arrieta Ibarra 
et al. 2017). Moreover, e.g. via the General Data Protection Regulation 
(GDPR) and the newly introduced right to data portability, the EU has 
undertaken fi rst steps towards a more user-centric data economy.
This new regulatory framework has the potential to seriously aff ect the 
online economy as a whole. By now, however, there has been little re-
search on the economic eff ects of such kind of regulation on consum-
ers and companies in online markets.

PROBLEM STATEMENT AND RESEARCH QUESTION
•  Current policy proposals and new regulatory rules that aim at empow-

ering users in the data economy require research on the actual eco-
nomic eff ects of user empowerment on market outcomes. This thesis 
seeks to eludicate these issues.

•  More specifi c, a game-theoretic model is devised to investigate the 
eff ects of market places where consumers may sell personal data on 
their own – so called Personal Data Markets. In particular, the study 
examines the following research questions:

 -  How are service quality and prices in digital markets aff ected by the 
emergence of user-centric Personal Data Markets?

 -  Under which conditions do users benefi t from Personal Data Markets?
 - Can platforms profi t from this kind of user empowerment?
•  By addressing these questions, the study provides insights into con-

sumers’ incentives to provide information and contributes to the un-
derstanding of the basic economic eff ects of a user-centric data econ-
omy.

•  Besides investigating potential regulatory pitfalls, this study also off ers 
managerial implications on how companies in digital markets should 
deal with more user empowerment.

RESEARCH APPROACH AND METHODOLOGY
•  So far, the research is built upon a game-theoretic model. Using a 

game-theoretic model has the advantage of focusing on the strategic 
eff ects key to answering the research questions. Moreover, it might 
help to test new regulatory proposals, where no data is available or 
if those proposals are not yet implemented in practice. Thus, this re-
search method is suited to identify the main eff ects of regulatory re-
forms in the fi rst place and to clarify the involved economic trade-off s.

•  In particular, the set-up of the game-theoretic model in the study 
consists of the three kinds of actors that are characteristic for digital 
markets: i) consumers, ii) platforms that, on the one hand, provide a 

service to these consumers and, on the other hand, off er data services 
to iii) data service users. In the model, consumers decide about their 
level of usage of the platform’s service and, thereby, implicitly on the 
amount of data that is created at the platform. Firms can invest in ser-
vice quality, potentially charge users a price and process users’ data 
for the provision of data services.

•  This set-up allows to identify eff ects of a usercentric Personal Data 
Market on service quality, data service quality, prices, fi rms’ profi ts 
and consumer welfare.
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RESEARCH APPROACH AND METHODOLOGY
This work’s research approach is primarily categorized as systems re-
search. The whole work is separable into cycles which iteratively build 
on one another. Once a new prototype or prototype state is developed 
based on the fi ndings and insights of the previous one, this iteration is 
put to the test with users (lab and public administration facilities). These 
user studies can be conducted in various ways and are depending on 
the goal of the implementation. For example, if a whole prototype is 
tested it can be quantifi ed how long specifi c task completion times for 
workfl ow modeling are. Also actual workfl ow completion times can be 
logged with the system, once broken down to recurring task primitives 
such as reviewing a pile of fi les. Accumulating these data with quantita-
tive interview data tops off  the feedback for this cycle. If a single feature
(interaction technique) is subject to evaluation then its suitable to pro-
vide multiple diff erent versions measuring with which one users are 
the fastest, in order to maximize effi  ciency. However, qualitative data 

might add that users dislike the fastest way and prefer a slower version.

In terms of related work, Isenberg et al.‘s proposed Buff er Framework 
(2006) and its mobile spatial tools extension (Isenberg et al., 2007) pri-
marily inspire my work. I expand on this in three ways. First, I achieve 
more fl exibility for the users by removing the constraint that a buff er 
is either placed by the system or stuck to a tool. Users are empowered 
to arbitrarily sketch regions themselves and where they want to. The 
second extension is that actions are not limited to only changing the 
visual representation of objects such as fi le icons on the screen, the 
objects‘ data are also manipulated. The third extension is that objects 
are not only just digital artifacts. The idea that interactive regions also 
may aff ect windows is inspired by “Everything Is a Window“ (Wimmer 
and Hennecke, 2010).

PRELIMINARY RESULTS
The early proof of concept implementation, as seen in Figure 1, is al-
most completed and ready for user tests. Hence, there are no con-
crete fi ndings from an empirical perspective, yet informal try-out 
sessions with colleagues yielded very positive reactions and great 
feedback. I expect to gain similar qualitative results when conducting 

user studies. Quantitative measurements like evaluating task comple-
tion times are yet to be done. However, I expect that novice users will 
start rather slowly, until they grasp the system’s possibilities and their 
customization opportunities.

PLANNED NEXT STEPS
The user study for the current prototype will be conducted next. After 
the study, I migrate the system to an actual desk which will be augment-
ed with over-head projection and change certain aspects based on user 
feedback. Then the cycle based development and evaluation stages will 

start. In order to put my work into a dissertation, a lot of focusing and 
streamlining appears to be required once the broad exploration phase 
is concluded.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
Some aspects of the implementation of the over-head tracking are 
still unclear. Also, the user studies are not fully planned out yet and 
subject to discussion.
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INTRODUCTION
The goal of my research is to develop, implement and evaluate Sketch-
able Workspaces and Workfl ows, a novel concept for visual end-user 
programming. It aims to empower end-users to intuitively customize 
their workspaces and workfl ows according to their preferences, in or-
der to enhance their performance and satisfaction. Users can sketch 
interactive regions on their computer desktop with their fi ngers, a pen, 
or mouse. The primary focuses are interactive surfaces such as digitally 
augmented physical desks or multi-touch tabletops. These usergener-
ated interactive regions apply specifi c eff ects to any object touching 
them, thereby modifying the properties of their visual representation 
or the underlying data. For example, a fi le icon can be dragged over 

such a region and its contents are shown in a preview or is deleted 
or tagged or sent via email. The eff ects may apply to a multitude of 
objects – including digital artifacts and their graphical representation 
(“fi le icons”), windows of the operating system, pointers (mouse, user’s 
fi ngers, pens), and physical objects such as paper documents, smart 
phones and other devices, or tangible widgets. Users can build complex
setups and tools and tool-chains for their everyday offi  ce work tasks 
by combining the necessary regions and objects. Figure 1 shows such 
a user-generated workfl ow, created with the current prototype imple-
mentation on a multi-touch table (Samsung SUR40).

PROBLEM STATEMENT AND RESEARCH QUESTION
The status quo in public administration offi  ce work shows a distinct 
gap between the digital and physical worlds in regard of workfl ows 
or processes. Typically, this work involves a lot of physical records 
or paper in general, but also digital fi les which sometimes can carry 
the same information. The physical part of the workfl ow has to be 
brought into the digital space. However, users tend to lose control of 
their workfl ows in digital systems, because these systems are tradi-
tionally very limited in terms of customization. Users are trapped in 
infl exible user interfaces which are partially incompatible to or diffi  -
cult to integrate with physical workfl ows. Yet, this kind of offi  ce work 
always requires physical and digital documents.

Solving this problem means that individual users regain lost fl exibil-
ity and also potentially effi  ciency if certain user interfaces are so ge-
neric that the users‘ day-to-day business is impeded by that. From an 
economic standpoint, complex processes require skilled workers and 
constant improvement, yet e.g. public administration employs infl ex-
ible systems which are hard to change, causing loss of effi  ciency and 
fl exibility.

My primary research question is how to build a software system that 
is generic enough to allow users to intuitively design custom work-
fl ows for their workspaces. Which properties should it have? Which 
interaction techniques work and which ones do not? Furthermore, it 
has to be determined how well the system scales to complex work-
fl ows and multiple users, and which elements are actually good ideas 

and worth of further abstraction. Hence, a contribution of this work 
is to provide a concept and tool for researchers and practitioners 
which also inspires new ideas. This work also contributes a notation 
for workfl ows, enabling users to formalize their processes visually 
and iteratively improve them based on their sketches. Additionally, 
this work contributes proof of concept implementations which may 
be deployed in actual offi  ce environments and software packages on 
which others may build new applications.
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Sketchable Workspaces 
and Workfl ows

Figure 1: Prototype Implementation running on a multi-touch table. Here, two fi le icons are trans-
ported across the screen by a looping digital conveyor belt running through three interactive regions. 
One of the fi les collides with the red coloured region, so its content is shown as a seamless preview, 
while the other one (digital twin of the sheet of paper) previously crossed the Send-via-email region 
and therefore is currently being sent.

96 | ABSTRACTS ABSTRACTS | 97



ABSTRACTS

29
PRELIMINARY RESULTS
The Integrated Behavioral Model has already been studied for its ap-
plicability in the information security context [15, 16]. A proposal of a 
complementary process that targets ISA of SME’s employees was devel-
oped based on the ISIS12 framework [4]. The fi ndings from both pro-

jects were applied and evaluated in a university at the beginning of the 
year and allowed a fi rst analysis of the ISA of university members.

PLANNED NEXT STEPS
The next step will be to fi nalize the summary of ISA basics in the form 
of a working report later this year. In the abovementioned university 
project, ISA-techniques are to be identifi ed that enable an increase of 
ISA, thereby considering the results of the ISA-analysis of the university 
members. Subsequently, the extent to which the techniques were able 

to increase ISA is evaluated. The fi ndings from the university project will 
be used to revise the approach and apply it to the partner companies 
next year.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
Feedback and testimonials from the people in charge of Information 
Security at companies, especially SME, that have already successfully 
carried out ISA campaigns would be helpful for the further course of 
the project. This would help to gain practical experience on the effi  -

ciency of individual measures in advance. In addition, we are still
looking for ways to fund research.
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INTRODUCTION
Small and medium-sized enterprises (SME), that constitute more than 
99 percent of German companies [1, p. 2], are aff ected by the increas-
ing digitization. Digitized business processes challenge companies, e.g., 
there is a growing demand for information security [2]. Employees play 
a key role in information security. The behavior of employees at work 
and in their private life strongly aff ects the confi dentiality, integrity and 
availability of sensitive company information [3, S. 16; 6]. Attackers 
deliberately exploit this "human factor" with techniques like phishing, 

malware, and social engineering [5, p. 11]. For attackers, fi nding out 
a password from an employee is by far easier than "hacking" it with 
a compute-intensive brute-force attack. In addition, SMEs are increas-
ingly aff ected by cyber-attacks [3]. With regard to the lower budget of 
SMEs, it is necessary to off er them cost-eff ective support to sensitize 
their employees.

PROBLEM STATEMENT AND RESEARCH QUESTION
To make employees aware of their important role in information 
security, they need to be sensitized to behave securely [7; 4]. We 
call this behavior information security compliant behavior. The sensi-
tization of employees (also Information Security Awareness, ISA) re-
sults from the interplay of cognition (understanding of the problem 
and the knowledge to solve it), intention to act (will of the employee 
to behave in accordance with information security) and the organ-
ization (Employees can behave in compliance with information se-
curity in their respective environment) [7]. Experience shows that 
ISA-raising concepts are successful if they are specifi cally tailored 
to the needs of the company and its employees [8]. Such concepts 
can only be developed and implemented with high fi nancial eff ort 
by the companies. However, SMEs often have limited fi nancial 
resources for information security [9, S. 4]. Currently, there is no 

methodological approach to ISA that considers the specifi c needs 
of SMEs and supports individuality at the same time.

These fi ndings raise the following main research question: How can 
SMEs be supported increasing the ISA of their workforce? In addition, 
the following secondary research questions arise: To what extent 
can technical measures minimize the involvement of the workforce 
through information security compliant behavior? What is the cost/
benefi t ratio for ISA measures? What possible negative consequences 
can be caused by increasing ISA?

The aim of the work is to develop a methodology that enables SMEs 
to sensitize their employees for information security in a targeted and 
sustainable way involving little fi nancial, personal and time eff ort.

RESEARCH APPROACH AND METHODOLOGY
The doctoral project is assigned to the design-oriented information 
systems research according to [10] and follows the artifact-creating re-
search paradigm "Design Science" [11, S. 124f]. Design Science research 
produces useful solutions that are developed through the design and 
evaluation of artifacts, like constructs, models, methods or systems. De-
sign Science thus contributes to both fulfi lling concrete entrepreneurial 
requirements and increasing the scientifi c knowledge [12, p. 81]. The 
iterative process ensures rigor of research results.

As a fundamental theory of human behavior, the Integrated Behavioral 
Model (IBM) [13, p. 77] is used in this work. The IBM originates in health 

psychology and is interpreted in the context of information security 
in the project. Subsequently, possibilities for measuring the degree of 
sensitization of a company are examined and how ISA-increasing tech-
niques can purposefully infl uence the behavior of employees. Most of 
the research will take place directly at our 14 partner companies. That 
is, we follow the action research approach, where researchers and the 
cooperating institution jointly develop a problem solution [14]. We will 
also analyse the economic viability of ISA-techniques. Subsequently, the 
fi ndings are arranged and summarized in a methodology.
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tion gaps (e.g., Danaher, 2017) and to responsibility shifting (Bartling & 
Fischbacher, 2011), cooperation-promoting institutions (Fehr & Gäch-

ter, 2000), and anti-social punishment (Herrmann et al., 2008).

PRELIMINARY RESULTS
We are currently developing the comprehensive research framework 
for our laboratory experiments. Based on this framework, we will de-
sign new experimental treatments. Previous works (cited above) have 
shown that: a) The retribution gap arises from a mismatch between the 
human desire for retribution and the absence of appropriate subjects 

of retributive blame, b) responsibility attribution for unethical outco-
mes can be eff ectively shifted to other persons; c) antisocial punish-
ment is widespread. From these results we conclude that people will 
be willing to punish scapegoats for fi lling AI-induced retribution gaps.

PLANNED NEXT STEPS
We will fi nalize the theoretical analysis and the design phase for our 
laboratory experiments. We will then run the fi rst pilot laboratory ses-

sions and present the results for discussion.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
We want to discuss the complexities of our research designs with the 
ZD.B experts and audience. We would like to cooperate with legal scho-

lars who are experts in AI-induced wrongdoing.
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INTRODUCTION
Legal implications of automation
Many experts identify severe liability gaps due to automation. For 
example, Shawn Bayern was the fi rst to show how current company 
law in US can be used to establish legal person, i.e., a company that is 
solely controlled by artifi cial intelligence (AI). In 2017, European Parlia-
ment urged European Commission to propose “electronic personality” 
for sophisticated autonomous robots. Further, national law must requi-
re AIs to indicate a responsible natural person, e.g., on a letterhead or 
in a register (Burri, 2017).

Ethical implications of automation
The ethical implications of harm being caused by algorithms and social 

responses are widely underexplored. The Bertelsmann-Stiftung (2018) 
identifi es a strong aversion against the use of algorithms. Part of the 
aversion against algorithms could stem from the “retribution gap” (Da-
naher, 2017).

The retribution gap
People are innate retributivists (Carlsmith & Darley, 2008). With increa-
sed automation, more social harm will be induced by artifi cial agents. 
However, automated agents are unlikely to meet conditions of retribu-
tive blame. Therefore, there will be a mismatch between modern reality 
and: a) the legal necessity of responsibility ascription, b) people‘s psy-
chological desire for retribution.

PROBLEM STATEMENT AND RESEARCH QUESTION
The aim of our study
We theoretically and experimentally study the social consequences of 
AI-induced retributions gaps. We investigate whether AI liability can be 
eff ectively shifted to natural persons (scapegoats) who are held respon-
sible, i.e., we separate legal and ethical wrongdoing from the recipients 
of social punishment.

Main research questions
In our project, we want to answer the following research questions: 
Under which circumstances are people willing to punish scapegoats? 
Do punishers experience relief or satisfaction when sanctioning scape-
goats? How does the existence of a scapegoat infl uence the propensity 
of an actor to do wrong (e.g., an AI’s programmer or owner)? Do wrong-

doers actively shift responsibility to scapegoats? Who agrees to be a 
scapegoat?

Academic and practical contribution
The emerging unfi lled retribution gaps might cause severe social pro-
blems − legally and psychologically. Our study is very important for an 
understanding and maintaining of cooperative social systems under di-
gitization. It contributes to the literature on cooperation-promoting in-
stitutions and anti-social punishment (Fehr & Gächter, 2000, Herrmann 
et al., 2008). It also sheds light on the causes of algorithm aversion and 
informs the development of institutions to overcome social resistance 
against AI-driven technology and for stabilizing societal cooperation in 
AI-enhanced environments.

RESEARCH APPROACH AND METHODOLOGY
Behavioral experiments to study behavioral mechanisms
We combine state-of-the-art behavioral theory and empirical met-
hods to study scapegoat punishment by analyzing and directly obser-
ving people’s behavior. Controlled laboratory studies enable a direct 
investigation of the mechanisms and infl uencing factors which drive 
scapegoat punishment (Falk & Heckman, 2009). Field experiments 
allow studying scapegoat punishment in real-life environments (Har-
rison & List, 2004).

Complementary use of other methods
Self-report measures, e.g., surveys and interviews, are complementa-
rily used. Self-report measures are, however, potentially biased, e.g., 
by socially desirable responding, and behavioral mechanisms cannot 
unambiguously be separated due to confounding factors.

Related literature
Our work directly connects to the recent works on AI-induced retribu-
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PRELIMINARY RESULTS
In the past months, we created ideas towards supporting interaction 
in everyday life using feedforward concepts [11] (i.e., guiding and in-
forming users about possible actions and results [5]) and supporting 
older adults concerning privacy and security settings on mobile devic-
es by utilising related behaviour of trusted individuals (e.g., children 
and grandchildren) [9]. As a “special life” use case, we investigate user 
behaviour in virtual reality (VR). In a pilot study, we observed that us-
ers indeed tend to behave diff erently (e.g., one vs both-handed use 
of controllers, diff erent amounts of head movements). We expect to 

identify variations and uniqueness in behavioural patterns for several 
interaction metaphors, which are feasible to apply for (behavioural) 
biometric authentication in VR. In addition, VR off ers great opportuni-
ties as a study methodology itself, since we can collect data in a con-
trolled setup without exposing participants to real, potentially danger-
ous situations (e.g., road traffi  c, heights), being able to observe their 
behaviour and context from a variety of viewpoints (e.g., 3D tracking 
data, movement, eye gaze, manual observations).

PLANNED NEXT STEPS
As a next step, we plan to conduct a fi eld study in users’ (smart) homes. 
The aim is to fi nd out which devices play central roles in users’ daily be-
haviours and routines and which of them are feasible to use for recog-
nizing unique, identifi able behaviour patterns. In the context of a bach-
elor thesis, we are currently exploring interaction behaviour in problem 
solving tasks, inspired by tasks in daily life (e.g., cooking). We simulate 
common problem types with LEGO assembly tasks, which represent 
daily situations (e.g., users do not know how to blanch vegetables or 

miss an ingredient). We investigate users’ (potentially unique) behav-
iour in such situations using various tracking technologies. Moreover, 
I will soon join Prof. Nigel Davies’ group at the Data Science Institute at 
Lancaster University for a three-month research internship. I will work 
on two projects among the EU funded PETRAS1 project, in particular on 
privacy and trust in the era of the Internet of Things, covering applica-
tions of usable security in everyday life (e.g., public displays).
1 https://www.petrashub.org/

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
Firstly, understanding the basics of human behaviour is essential for 
my research. Within this context, I did not stick to HCI literature, but 
conducted literature review in a broader scope. Hence, research in 
behavioural biometrics not only off ers great potential for diverse ap-
plications in various fi elds (e.g. health [1, 7]), but also for cooperation 
among those disciplines. In particular, we will join a joint project be-
tween the LMU Department of Psychology and the Media Informatics 
Chair soon, improving mobile experience sampling for psychological 
studies, collecting behavioural data with a smartphone application. 
Secondly, implementing secure systems processing sensitive user 
data to support their everyday life requires a deeper knowledge of 
actual cyber security. This might involve collaborations with the new 

Cyber Defence Research Centre at Bundeswehr University, Munich or 
other experts within the ZD.B network. For implementing concrete 
biometric systems or analysing behavioural data, we might in the 
future need more expertise (e.g. in cryptography, machine learning) 
which again off ers possibilities for collaborations with experts (from 
research as well as from industry). Finally, research in the areas of the 
Internet of things as well as smart home applications off ers great op-
portunities for a research or industry driven collaboration. I will start 
working and collaborating in this direction during my research intern-
ship at Lancaster University.
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INTRODUCTION
Users frequently need to apply various kinds of authentication mech-
anisms to gain access to something in their daily life, such as build-
ings, cars, devices or data. Authentication is present in everyday life 
and is mostly burdensome for users [10]. An important question in 
human-computer-interaction (HCI) is how to bridge the gap between 
usability and security. Behavioural biometrics identify users by “some-
thing they do” [12] (i.e., by behavioural aspects rather than physiological 
features) and provide great opportunities for implicit, unobtrusive au-

thentication. While many research projects on behavioural biometrics 
exist (e.g. on gait [4] or keystroke dynamics [2]), we rarely fi nd behav-
ioural patterns measured and applied as (exclusive) authenticators in 
common daily use so far. Behavioural patterns could not only facilitate 
authentication, but also off er great potential for applications beyond 
security purposes. During my PhD, I rethink authentication and biome-
trics for applications in everyday life.

PROBLEM STATEMENT AND RESEARCH QUESTION
My main goal is to understand behavioural patterns in various use 
cases, particularly in casual, everyday life. Be it “natural” behaviour, 
interaction with people and devices, or reactions to certain stimu-
li and events, it is of great interest to fi nd those patterns which are 
feasible for biometric applications. While biometric features have to 
fulfi l several characteristics for authentication use cases [8], it might 
be of interest to distinguish users via “soft biometric” features [3] (e.g., 
height, age, gender) for everyday life use cases. Regarding behaviour-
al features, we could classify people using common behaviours and 
routines (e.g., morning grumpiness vs happiness might infl uence their 
morning routine and behaviour). While such “behaviours” are not fea-

sible for identifying users among the whole target group (i.e., not ap-
plicable for critical security cases), they might be suffi  cient for casual, 
everyday life use cases involving less severe forms of authentication 
(e.g., to verify which roommate is approaching the coff ee machine). 
I further investigate and analyse existing problems with authentica-
tion-related interactions, especially those which could be facilitated by 
the means of (behavioural) biometrics. Consequently, I explore behav-
ioural biometric applications for support in everyday life. This not only 
covers the design and implementation of such applications, but also 
evaluating these regarding usability and security.

RESEARCH APPROACH AND METHODOLOGY
In our research, we evaluate both, the usability as well as the security 
of new concepts. For usability aspects, we value user centred design 
processes and usability evaluations. For security aspects, we conduct 
attack studies evaluating concepts against certain threat models (e.g., 
shoulder surfi ng [6]). We often evaluate early prototypes in explorative 

studies to investigate how people will perceive new biometric technol-
ogies. To fi nd behavioural patterns in everyday life, we especially plan 
to conduct fi eld studies since this brings us closest to participants’ life. 
In addition, experience-sampling methods will help us to collect in-situ 
user data via qualitative feedback or sensor-based context data.
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movement, the state of the muscles and fatigue? How the excitation 
signals will fi t into the forward biomechanical simulation?

The expected contribution is a model/algorithms/controller to generate 
the neural excitation signals which while fed into forward biomechani-
cal simulation would produce a human-like movement. While the mod-
el can also provide important insights into the fi eld of motor control, 

the current focus is to make it practical rather then theoretically exact.
The method can accelerate and improve research in post-desktop in-
terfaces, exergames, and it might contribute to the fi elds of biome-
chanics, motor control and rehabilitation. It might be incorporated 
into the currently existing biomechanics and ergonomics software, as 
well as it can be implemented in a stand-alone software for move-
ment design.

RESEARCH APPROACH AND METHODOLOGY
In our research we follow the scientifi c method and use quantitative 
experimental data collection, use train data for model fi tting and sim-
ulation, and evaluate the outputs against the test data. We use exist-
ing datasets as well as collect our own motion capture, force and EMG 
data. While we use control theoretical models for generating the neural 
excitation signals, alternatively we can try to train a deep neural net-
work to generate the corresponding signals or even to directly gener-
ate biomechanical variables of other levels. However, such model, even 
if successfully providing high-accuracy outputs, cannot be considered 
other as a black box preventing from generating insights of the internal 
signal generation. On the other side, pure mathematical derivation and 

proofs can contribute to a small extent, but due to the complexity the 
model needs to be data-driven.

My research is based on biomechanical simulation and neuromuscu-
lar control research from Stanford, the University of Tennessee, and 
the University of Washington. The closest works in HCI were published 
by Prof. Dr. Müller, me and our collaborators. Few other works within 
HCI inversely simulate “primitive” biomechanical models without mus-
cles or control. No other works have generated human-like movement 
for the complete musculoskeletal system neither in HCI nor in biome-
chanics.

PRELIMINARY RESULTS
In our previous works we have identifi ed repeating patterns within 
muscle activation signals within various whole arm aimed movements; 
we have generated human-like end-eff ector trajectories, velocities and 
accelerations using control theoretical models; and we have integrat-

ed biomechanical simulation framework OpenSim with Simulink for a 
small musculoskeletal model. We plan to tune Simulink model to gener-
ate the neural excitations, while the forward dynamics will be simulated 
by OpenSim.

PLANNED NEXT STEPS
Tune and train the Simulink model on an existing dataset of aimed 
movements. Record EMG data of aimed movements and validate the 
generated by Simulink signals against the data. Collect motion capture 
data, run the Simulink model together with biomechanics and validate 

the outputs. Collect movement data for complex movements and de-
rive the decomposition of them into the simple aimed movements. Find 
inverse to the decomposition and apply it to the model.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
Most unresolved questions are related to the generation of the neural 
excitation signal. The cooperation with motor control scientists or neu-
romechanics scientists would be of the largest benefi t for us.
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INTRODUCTION
This abstract describes a new approach to analysis and evaluation of 
physical ergonomics of mid-air movements. It will be able to predict hu-
man-like movements and all internal states of musculoskeletal system 
for a particular aimed movement. Based on the initial posture and the 
target to be reached by the end-eff ector our control-theoretical model 
will be able to predict the neural excitations, which as inputs run the for-
ward dynamics musculoskeletal simulation to generate the necessary 
musculoskeletal movement. The simulation generates all intermediary 
states of the musculoskeletal system, including activations of muscles 
and corresponding muscle forces, joint moments and angles, end-ef-
fector position velocity and acceleration for the whole movement tra-
jectory. All these variables can be used in further analysis of physical 
ergonomics of the movement.

Full-body interfaces become a lot of attention in the HCI fi eld, in particu-
lar in the recent years with the advancements in VR headsets and tech-
nology. The VR technology off ers many benefi ts for various application 
scenarios from medical treatment [1] to games or even reduction of 
implicit racial bias [2]. However, the large problem of those interfaces is 
the complexity of appropriate physical ergonomics evaluation. Without 
well-analyzed physical ergonomics the VR can suff er the same fate as 
the light pen or Microsoft Kinect, namely the projects were closed.

Classical ergonomics methods like EMG, or goniometry do not work for 
such evaluation due to huge design and movement spaces and com-
plexity of their application. Additionally, they provide data only for small 
set of muscles or joints within the human body, which makes it neces-
sary to know the regions under risk in advance. Previously motion cap-
ture-based biomechanical simulation was proposed as a method for 
effi  cient ergonomics evaluation of post-desktop interfaces [3]. The op-
tical motion capture accurately tracks kinematics of human movement 
in 3D space and together with external forces data provides complete 
description of mechanical output of human body. However, to interpret 
this data in context of human body, namely as the variables describing 
the within-body mechanical loads we need to apply biomechanical sim-
ulation. This simulation uses accurate model of musculoskeletal system 
of human as a prior to fi t the data. Then it can provide information 
concerning the other variables within the model, namely joint angles 
and moments, muscle forces and activations, or even neural excitations 
[4]. The biomechanical simulation produces these results in multiple 
consecutive steps, namely inverse kinematics, inverse dynamics, static 
optimization and computed muscle control. Most of these steps involve 
complex computations and take long time to produce results. This pro-
cessing pipeline is called inverse approach, as it inversely estimates 
causes of movement after having observed the resulting kinematics of 
motion capture markers.

PROBLEM STATEMENT AND RESEARCH QUESTION
While inverse biomechanical simulation based on motion capture 
provides valuable outputs covering the whole body to evaluate or 
compare post-desktop interfaces, it still necessitates an experiment 
with recording of particular movements involved in the interaction, it 
is complex to apply and the computations consume a large amount of 
computational resources and time. Our objective is to develop a fast 
and reliable method, which can generate the human-like movement 
and provide all biomechanical variables using only the specifi cation of 
the movement task as an input.

Such method would allow the designers of post-desktop interfaces to 
perform an effi  cient evaluation of the movement ergonomics on the 
design stage, namely they can draw the movement or specify alterna-
tive targets, observe the outputs and compare them within minutes 

rather than weeks. Such research would be of interest for all entities 
involved with developing of VR applications, post-desktop interfaces, 
gestural interfaces, etc. The method could have applications also in 
other fi elds, for example sport trainers or doctors can apply the meth-
od to identify optimal movement schemes and control for various 
sports, or can compare the movement of the sportsmen (analyzed 
using the inverse approach) to the optimal one and adjust the training 
accordingly.
The key research questions are related to the motor control, namely 
which neural excitation signals are normally generated and sent by 
the brain to the muscles to perform a particular movement? How 
these signals diff er between the people and between the similar 
movements? How the signals are adapted to the particular state of 
the musculoskeletal system, in particular to the posture, the current 
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3.  Augmenting Cognitive Perception: Based on the outcomes from 

the previous studies, an implementation of a workload-aware sys-
tem is proposed (RQ4). This system will able to evaluate (a) eye be-

havior, (b) neuronal data, and (c) behavioral analytics to augment 
cognitive resources.

RELATED WORK
Lotte et al. [8] and Duchowski [1] have conducted important research 
in the domain of feature detection for eye behavior and EEG data. 
By applying machine learning methods, features can be tailored for 

an individual person to increase the accuracy for person-dependent 
features. Such mental alleviation can also be provided for people with 
cognitive defi ciencies to amplify their overall performance.

PRELIMINARY RESULTS
To evaluate the impact of in-situ assistance, we found that visual feed-
back is most favored compared to auditory or tactile feedback [3]. In 
a follow-up study, we measure EEG data and compare our visual ap-
proach with paper instructions within an assembly task. We found that 
cognitive capacity is alleviated when using in-situ projections on a neu-
ronal basis [7]. We show how EEG data can be visualized for users which 
are not profi cient with EEG data [2]. We have conducted a study which 

measures the pupil dilation during diff erent task complexities [6]. We 
investigated how eye movements are aff ected under diff erent levels of 
cognitive workload [4]. Additionally, we have conducted qualitative in-
quiries at sheltered living organizations to investigate possible workload 
alleviations for people with mental defi ciencies [5]. From observations 
and inquiries, we propose design implications on how workload-aware 
user interfaces have to be employed.

PLANNED NEXT STEPS
The next step includes the deployment of the approaches in a re-
al-world system. The methodology used in the previous EEG and eye 
tracking studies will be used to build an adaptive speedreading applica-
tion which adjusts the text visualization and reading speed based on the 
cognitive demand. The outcomes from the qualitative inquiries from 

sheltered work and living facilities will serve as a basis for an adaptive 
cooking system for people with cognitive impairments. Furthermore, 
an interdisciplinary literature research is in progress, where we critically 
refl ect upon ethical aspects about systems which know about cognitive 
states.

OPEN ISSUES 
Integrating workload measures in the real world is still a challenging 
task. Physiological measures are often prone to external factors, which 
can be compensated by combining sensors or restricting the user in-
teraction space. Furthermore, sensors must be deployed externally 

or made available in a ubiquitous way (e.g. integrated into smart gar-
ments) to increase the user acceptance of wearing such sensors.
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INTRODUCTION
Cognitive capacities are a scarce resource in everyday life. Current var-
iations of mental demand depend often on the type of the task and 
its complexity. A key aspect in the research domain of Human-Com-
puter Interaction (HCI) is the design of user interfaces which minimize 
the cognitive demand and support users through their task. Cognitive 
aspects of user interfaces are traditionally evaluated through question-
naires or the think-aloud protocol. However, these approaches are (a) 
prone to subjective perception, (b) requires participants to remember 
their past task performance of a study, and (c) do not provide insights 
for cognitive workload in real-time.

In contrast to these self-rated metrics, physiological measures have 
employed as an alternative to quantify cognitive workload on a meas-
urable basis. Physiological measures comprise the measurement of bi-
osignals, such as eye tracking or electroencephalography (EEG), which 
facilitate the understanding of the individual during times of cognitive 
strains during an interaction. Integrating workload-awareness as ad-
ditional context-related factor enables future user interfaces to adapt 
on the current level of cognitive workload from the user. Furthermore, 
designers gain a better understanding regarding the cognitive demand 
within their user interface design.

RESEARCH QUESTION
This dissertation discusses the key aspects of cognitive workload which 
arise during interaction with user interfaces. This includes the following 
research questions:
•  RQ1: How can be cognitive workload defi ned in the domain of HCI and 

what are past methodologies to measure cognitive workload?
•  RQ2: How can workload-aware interfaces provide suitable adaptivity 

for diff erent individuals?
•  RQ3: Which physiological sensing modalities provide a reliable meas-

ure of cognitive workload?
•  RQ4: How can real-time adaptivity be employed in real-world scenar-

ios?

RQ1 intends to fi nd a set of important cognitive workload models for 
HCI. Current controversial discussions in the fi eld of psychology show 
that a diverse set of mental workload models are responsible for expe-

riencing cognitive workload (e.g. working memory or visual imagery). 
RQ2 discusses how a system should react when cognitive workload is 
detected. Past research has used intervention systems or provided ad-
ditional user interface elements for users. However, it is unknown if 
these elements provide cognitive alleviation. To complement this, RQ3 
copes with the detection of cognitive workload through subjective per-
ception, physiological data, or user behavior. To detect cognitive work-
load on a physiological basis, monitoring eye behavior and neuronal ac-
tivity through electroencephalography are employed. RQ4 shows how 
the fi ndings from the previous research questions can be incorporated 
into real-world scenarios. The outcomes of these research questions 
will provide how workload-aware user interfaces can be designed for 
diff erent user groups and workload models. Design guidelines on how 
to adapt tasks to ensure a high user engagement and a machine learn-
ing toolbox for eye tracking and EEG data complement this.

RESEARCH APPROACH AND METHODOLOGY
The research approach employs qualitative and quantitative meth-
ods to answer the stated research questions. This defi nes three sec-
tions:

1.  Understanding People: This part refers to the research questions 
RQ1 and RQ2. It is important to understand how people behave 
under cognitive workload to provide suitable intervention and to 
avoid false positives during user interaction. People with cognitive 

impairments are also included as a user group since they benefi t 
from cognitive support during daily life.

2.  Quantifying Cognitive Workload: Possible measures and met-
rics of cognitive workload are outlined (RQ3). The used methodol-
ogy consists of a combination of quantitative and qualitative anal-
ysis which are employed for sensitive user groups due to ethical 
reasons.
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RESEARCH APPROACH AND METHODOLOGY
Incentivized experiments to study decisions with real externalities
We study the acceptance of decision randomization in incentivized 
laboratory experiments. Moral dilemmas are created by inducing de-
cisions with negative consequences concerning others as well as the 
decision-makers themselves. We observe individual factors (e.g. per-

sonality traits) of our participants and vary their decision situation in a 
controlled manner. This provides us with the opportunity to compare 
our results with those of framed questions concerning preferences for 
algorithm programming in hypothetical settings.

PRELIMINARY RESULTS
We implemented fi rst pilot sessions with a student sample at the TUM 
School of Management’s laboratory for experimental research in eco-
nomics.

We fi nd that decision randomization for moral dilemmas through the 
use of an algorithm is chosen by about half of the participants in our 
pilot settings.

PLANNED NEXT STEPS
We will now start to vary the characteristics of the moral dilemma situ-
ations that our participants face in the laboratory. We will then analyze 

individual as well as aggregated decision patterns in connection to per-
sonal and situational factors.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
We aim to discuss possible external implications of our study design 
with the ZD.B experts and audience. We would be interested in extend-
ing our research methodology to the fi eld and would be interested to 

cooperate with other researchers to create and implement these fi eld 
experiments.
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INTRODUCTION
Moral decision making in the age of algorithms
Autonomous driving fuels a debate (also present in other contexts of 
algorithm design, e.g. HR recruiting) on the morality of weighing nega-
tive externalities in the context of machine learning - which may even 
include harm of human life. Many decisions that were previously left 
to humans are now taken by algorithms. These already include moral 
decisions (Bertelsmann Stiftung, 2018).
Algorithm programming is rule based. This means, it has to be decided 
a priori (i.e. before the dilemma materializes) which outcome variable 
an algorithm should maximize. By demanding for an explicit commit-
ment to an ethically preferred position, this off ers the opportunity to 
clarify moral orientations in a society.

No consensus on the answer to ethical dilemmas
For many ethical dilemmas no consensus will be reached in societal 
discussions, since by defi nition they do not have a clear morally dom-
inant solution. This becomes obvious when philosophical ideas of 
outcome-based (utilitarian) or rule-based (deontological) ethics are 
compared (Reynolds, 2006). Since these ethical theories defi ne diff er-
ent aspects in situations as morally most important, they often arrive 
at diff erent suggestions for an ethically preferable action. Even within 
persons there seems to be no consistent choice behavior. When moral 

reasoning is triggered, people tend to apply utilitarian arguments, but 
when moral emotions are triggered, people rather react in line with a 
deontological approach (Lanteri et al., 2008).
Concerning the example of autonomous driving, although individual 
factors of potential accident victims (e.g. young age) trigger strong heu-
ristics (Bleske-Rechek et al., 2010), people might refrain from entering 
individual factors into algorithmic calculations. The Ethics Commission 
of the German Federal Ministry of Transport and Digital Infrastructure 
already ruled out any discrimination by personal factors in its technical 
report for the programming of autonomous cars (2017, p.11): “In the 
event of unavoidable accident situations, any distinction between in-
dividuals based on personal features (age, gender, physical or mental 
constitution) is impermissible.”

Decision Randomization
Burri (2017) makes an interesting case by suggesting that decision ran-
domization for exactly these ethical dilemmas can be the way forward 
in programming machine learning systems. He argues that in cases in 
which society cannot agree upon a morally preferable option, imple-
menting a randomization of choice options within algorithms seems 
reasonable.

PROBLEM STATEMENT AND RESEARCH QUESTION
The aim of our study
In a fi rst step, our study aims to analyze, if the acceptance of decision 
randomization by algorithms is generally accepted as a means to ad-
dress ethical dilemmas. In a second step, we will identify factors which 
lead to the delegation of moral tasks to randomization devices, as well 
as the restrain to do so. Individual characteristics of decision makers as 
well as situational factors will be analyzed.

Our main research questions in this regard are:
Is randomization generally accepted as an opportunity to address ethi-
cal dilemmas and applied to make ethical decisions? Does a delegation 
to a machine off er the same moral relief as the delegation to another 
human being? Which individual and situational factors raise the willing-
ness to delegate a moral decision to a machine?

Academic and practical contribution
Our research will directly translate into social implications with politi-
cal connotations. As in the case of autonomous driving, many ethical 
dilemmas occurring in algorithm programming, will yield no societal or 
political consensus for a preferred outcome. To research the accept-
ance of randomizing algorithms is thus of high societal relevance. As 
Burri (2017) suggests, the need for the programming of a priori deci-
sions in ethical dilemmas is prone to hinder the advancement of auto-
matic systems, which could otherwise benefi t humanity. Our research 
has strong practical implications, since it will shed further light on the 
origins of algorithm aversion in the German population (Bertelsmann 
Stiftung, 2018) and possible countermeasures to facilitate the progress 
of digitization. Furthermore, this research contributes to the literature 
on decision making in social dilemmas (Weber at al., 2004) and decision 
delegation (Bartling & Fischbacher, 2011).
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RELATED WORK
Overall, the topic is located within the research area of business pro-
cess management (BPM). Extensive work was done regarding the in-
terplay of defi ned reference process models and the executing infor-
mation systems as well the design and execution of workfl ow systems. 
Approaches, best practices and practical applications are summarized 
and discussed by Scheer et. al [2]. Given the fact that the book is almost 
15 years old new technologies and techniques as well as new challeng-
es for organizations are not considered.

In Process Mining various literature exists for identifying patterns from 
process data. Bose and Van der Aalst [3] present various approaches 

for trace clustering to detect frequent behaviour in business processes. 
The approach is presented on a rather technical and abstract level. Its 
application to the case of identifying process activities suitable for auto-
mation has to be assessed.

Looking outside the area of BPM, an interest approach for the overall 
vision of a “self-healing” system is presented by Kephart and Chess [4]. 
They introduce the concept of “autonomic computing” outlining how 
computers manage and optimize themselves. If and how approaches 
from autonomic computing could be applied to business process auto-
mation is subject to further research.

PRELIMINARY RESULTS
As I am still at the beginning of my dissertation project, my main fi nding 
so far is the relevance of the topic as confi rmed by many companies 
that I have spoken to.

Another fi nding that is expected in the near future is an analysis of ex-
isting concepts for process automation from the literature in order to 
identify shortcomings and gaps.

PLANNED NEXT STEPS
The next step will be an extensive literature review on the related work 
that builds the base for designing the framework. Furthermore, with 
the kick-off  of my “Software Campus” project at DATEV I will present my 
idea and roadmap for developing the process mining technique on Sep-
tember 26, 2018. Finally yet importantly, three further industry partners 
showed interest in partnering up and possible forms of collaboration 
are currently assessed.

What is still missing up to this point is pinpointing the exact problem 
and therefore determining the requirements for the artefacts of the 
dissertation. On the one hand, this will be achieved by reviewing exist-
ing literature in order to identify existing approaches and on the other 
hand by input received from industry partners on their needs and ex-
pectations to ensure the relevance of the work.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
I feel that the BPM toolbox is big but only few concepts have found 
broad application in organizations. Therefore, I am very eager to un-
derstand what it takes for e.g. a technique or method to be adopted 
by practitioners and how this infl uences my design decisions when de-

veloping the artefacts. As said, various industry partners have already 
manifested their interest in the research and hence a collaboration. Of 
course, I would be happy to engage with further partners and in general 
about any form of input and feedback.
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INTRODUCTION
Information systems have enabled organizations to run their process-
es digitally. The focus of digital process transformation starting in the 
1980s was on supporting operations by enabling decentralized com-
munication and access to information [5]. However, so to speak as a 
by-product, massive amounts of evidence about process execution 
were gathered. For long, this evidence, which is often referred to as 
event logs, was not used for analysis purposes beyond operational re-
porting. Process Mining emerged as a technology fi lling this gap. With 
the capabilities of Process Mining business processes can easily be as-
sessed from a holistic perspective. Typical performance indicators are 
throughput times, idle times, which activities are executed and how of-

ten, who is involved in process execution. Having gained these insights 
the question that naturally arises is “How do we use this information to 
improve our process?”. One popular approach for making processes 
faster, decrease costs and increase throughput is process automation. 
Currently, RPA (Robotic Process Automation) is a technology highly dis-
cussed in industry and has been proposed as a trending research topic 
[1]. RPA vendors promise the automation of recurring human tasks with 
the help of their software. Companies engaging in such automation en-
deavors are asking the question of “How do we know where or what 
to automate in our process?” This suggests the existence of potential 
synergistic eff ects between process automation and process analysis.

PROBLEM STATEMENT AND RESEARCH QUESTION
Companies struggle with transforming process insights into process im-
provements. Process automation is a promising approach for process 
improvement but what to automate is often unclear.

Missing out on process automation is hindering organizations from in-
creasing effi  ciency and hence from staying competitive.

This leads to the following research questions:
•  Which indicators are suitable for assessing the “automatability” of pro-

cess activities?
•  How can Process Mining be used to determine such indicators?
•  Which data is required and how can it be collected?
•  How can the insights be used as input for automation?

Therefore, the following contributions are expected to be made:
•  A framework positioning key concepts and requirements for evi-

dence-based process automation
•  A method describing the steps for executing an evidence-based pro-

cess automat project
•  A process mining technique capable of identifying automation poten-

tial from event logs

Practitioners are provided with a toolbox for initiating and executing 
process automation projects based on historic process data.

Research so far focuses on the interplay between process modelling 
and process automation. This work will extend this view by outlining the 
capabilities of process analysis for process automation.

RESEARCH APPROACH AND METHODOLOGY
The research will follow the design science research (DSR) paradigm. 
After identifi cation of the requirements, various artefacts (framework, 
method, technique) will be built and evaluated. There will be both qual-
itative (interviews) as well quantitative (data analysis) evaluations for 
the artefacts.

The research will be conducted in close cooperation with industry part-
ners. Part of the research is done in collaboration with DATEV as part 
of the “Software Campus” project. Further collaborations with industry 
partners are currently being initiated.
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daily task. The missing healthy control group and potential carry-over 
eff ects in the chosen cross-over design can be considered as potential 
limitations of our study. Yet, the applied methods incorporating both, 
qualitative and quantitative data, allowed for taking the users´ needs 
into account from the very beginning and enabled us to get a fi rst un-
derstanding of the usability and feasibility of our novel system.

PRELIMINARY RESULTS
Within the pilot study, three patients failed (p=.25) in the MR condi-
tion and trial durations were sig. longer than in the natural condition 
(77s±23s vs. 111±24s, P=.02). We assumed that the MR application 
serves as a secondary task requesting its own resources and im-
pairing the ADL performance; i.e. the unnatural interaction with the 
application and a drag of attention to the holograms from the real 
objects. However, a model of multiple linear regression suggests that 
the given assistance compensated these additional costs in patients 

with stronger needs of support, concluding that the presented “step 
by step” approach may be most benefi cial for more severely aff ected 
patients. 90% of patients were able to control the application, and the 
acceptability appeared to be high, as a large part of participants re-
vealed a positive attitude towards the system, although the hardware 
was considered the main impediment with 60% of the patients being 
unsatisfi ed.

PLANNED NEXT STEPS
The pilot study indicates that the paradigm of augmented support is 
promising, but the diff erent cues (e.g. number or mode) need to be 
evaluated against each other to investigate the most benefi cial way of 
augmenting feedback to the real world environment in people with lim-
ited cognitive performance (RQ-2). To investigate the most benefi cial 
cue in apraxia patients we anticipate, that translating a well-recognized 
clinical apraxia screening tool (pantomiming of actions, e.g. pounding 
in a nail with a hammer) into a holographic set-up, will allow us to com-
pare two diff erent characteristics (static vs. dynamic) in two diff erent 
dimensions (2D vs. 3D). The combination of quantitative data (using 
motion capture analysis) and qualitative data (behavioral observation 

using video recordings) will provide us with in-depth understanding of 
the advantages and barriers of our new approach.

Learning from our pilot results we plan to investigate a larger study 
sample (N=20) and include a matching healthy control group (N=20). 
Suggesting that the presentation of a holographic tool will provide 
more salient information in how to utilize a specifi c tool successfully, 
we expect the strongest diff erences for the conditions of a dynamic 3D 
cue (e.g., moving holographic hammer) and a static 2D cue (picture of 
a hammer) regarding the hand kinematics and the execution of errors.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
With respect to RQ-1 the implemented application relied on a step by 
step guiding system which was insuffi  cient as patients got confused 
due to missing details. A remaining challenge is to develop action rec-
ognition models in order to only prompt actions to either correct the 
sequence, or prevent further errors, without distracting or frustrating 

the user. In general, cooperation in the fi elds of computational science 
and machine learning are of high value to assist in programing and an-
imating MR-scenarios for both, therapeutic applications and assistive 
systems.
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INTRODUCTION
With the increasing number of people suff ering from stroke and neu-
rodegenerative diseases (e.g. dementia), there is an urgent need for 
eff ective treatment strategies. Innovative digital solutions, e.g. as-
sistive technology devices or Mixed Reality (MR) systems, can benefi t 
patients and the entire healthcare system in various ways, beyond 

what seems possible with conventional therapy approaches. Despite 
these promising potentials, research is required to understand how 
systems can exploit key motor learning principles in order to develop 
and evaluate evidence-based systems that promote functional recov-
ery from neurological impairments.

PROBLEM STATEMENT AND RESEARCH QUESTION
A signifi cant proportion of patients suff ering from stroke or 
Alzheimer´s Disease (AD) are symptomatic of apraxia, a neuropsycho-
logical defi cit that impairs the cognitive abilities to carry out activities 
of daily living (ADL), e.g. preparing a cup of tea (Fig.1) or using tools 
correctly (e.g. hammering) [1, 2].

As a result of insuffi  cient evidence related to the eff ectiveness of tra-
ditional therapeutic interventions for apraxia, patients rely on assis-

tance from caregivers, who guide them through the task and prompt 
them when necessary [1, 3].

The inability to live an independent life impacts the patients, their 
families, and the healthcare system. Thus, fi nding solutions to main-
tain independency is of highest importance [4].
MR technology allows for the pursuit of new pathways to study new 
approaches for the treatment of apraxia. Due to the salient character 
of three-dimensional holographic objects it is hypothesized that the 
integration into a real ADL scenario provides for entirely new oppor-
tunities to guide patients through complex tasks by cuing the desired 
motor plan. Key research questions (RQ) are:

1.  Is a MR-based support system feasible and usable in patients suf-
fering from apraxia?

2.  Which is the most benefi cial (holographic) cue to reinforce the ap-
propriate motor plan?

RESEARCH APPROACH AND METHODOLOGY
Step 1 – App Development

An iterative co-design process involving 29 relevant stakeholder, i.e. 
AD patients (n=19), family members (n=3), clinicians (n=7), served to 
develop a fi rst prototype ADL support system. The developed MR-
based application “Therapy Lens” is now available for free download 
on the Microsoft store.

Step 2 – Pilot Testing

For feasibility and usability testing (RQ-1), we investigated the daily 
task of tea making within a randomized crossover study on ten AD-pa-
tients, with each one trial of a natural execution and the MR condition, 
using a head mounted Microsoft HoloLens, followed by semi-struc-
tured interviews. In the MR condition (Fig. 2), patients were guided 
through each necessary step giving multidimensional cues (audio, 
text, & holographic animations). To the best of our knowledge, this is 
the fi rst MR-application developed to cue AD-patients in a multi-step 
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PRELIMINARY RESULTS
The research has not been started yet.

PLANNED NEXT STEPS
After a systematic literature study, a long-term stay at a hospital is in 
preparation to get to know the diff erent staff  groups and their points of 
contact with diff erent patient-centered data sources.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
There are some vendors of clinical information systems. How are these 
systems used? Do they improve the clinical workfl ow? This off ers much 
room for cooperation with companies.

Clinics play a major part in the research questions, so a cooperation 
with a clinical environment is a must and will bring helpful insights to 
their workfl ow.

INTRODUCTION
In clinical environments, a lot of heterogenous patientcentered data is 
collected. The underlying information is highly connected and in most 

cases patient-centered. Can this data be effi  ciently stored in a database 
and used by the staff ?

PROBLEM STATEMENT AND RESEARCH QUESTION
Various data sources exist in a clinical environment, e.g. the HIS (Hos-
pital Information System) or the RIS (Radiology Information System). 
These contain diff erent data points coming from diff erent points in 
time but describing the same patients. Other interesting sources of 
information are symptoms and treatments of patients.

These heterogenous data sources can be unifi ed using graph data-
bases, which are databases that describe their contents as diff erent 
nodes (possibly of diff erent types) and relationships between these 
nodes.

Interesting questions that arise are e.g. if the clinical workfl ow can be 
improved by giving the staff  access to a unifi ed source of information 
about their patients. What kind of questions do diff erent groups have? 
How can the usability for the staff  be improved?

On a more general side: can such a system help answer questions 
like “Given a patient’s symptoms, are there already treatment paths 
from similar patients?” or “What treatment paths are most likely cho-
sen based on diff erent diagnostic image techniques?”. This can be 
achieved by opening the unifi ed graph database to a data mining en-
vironment

RESEARCH APPROACH AND METHODOLOGY
Usability studies of clinical databases and their access will be helpful 
indicators. Performance indicators of clinical workfl ows will have to be 
discussed with clinical staff . Their change in regard to diff erent data 

sources and to diff erent parameters (e.g. treatment path) will bring 
helpful insight to the clinic.
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leftpad” (instead of “left-pad”), he installs the adversary’s packages 
and runs the malware.

To measure the impact of this attack, a two-part empirical study is 
conducted. In the fi rst part, we uploaded many fake packages with “ty-
posquatted” names to the NPM registry and to package registries of 
other programming languages. These packages do not contain mal-
ware, but only collect statistics and inform the programmer or system 
administrator about the study and his mistake when installing a pack-
age. 

In the second part, after the fi rst part of the study gained the atten-
tion of the repository maintainers, we again upload packages with “ty-
posquatted” names. In contrast to the fi rst part, we upload them under 
cover to measure the behavior of the maintainers when they detect 
such packages. The “typosquatted” packages contain specially crafted 
links to other “typosquatted” packages, e.g., by uploading them with the 
same user or IP address. We expect the maintainers to look for other 
“typosquatted” packages when they fi nd one. Again, the packages do 
not contain malware, but this time they do not inform about the study, 

but abort the installation of the package. An error message is shown, 
indicating that the “adversary” mis-typed when programming the “mali-
cous” package, e.g., “install_rotkit” instead of “install_rootkit.” 

A diff erent problem exists with the popular Google Analytics JavaScript 
library, which is used to track one’s website visitors. In the European 
Union, users of Google Analytics, i.e., website owners, must enable the 
“Anonymize IP” (AIP) extension to conform to the data protection laws. 
Enabling this option truncates the website visitor’s IP address before it 
is submitted to Google. A common mistake is to either not enable AIP 
or to send the tracking data to Google before the AIP option is set. The 
library requires the command to enable AIP to be executed before the 
tracking command. It does not warn the user if the AIP option is set 
afterwards. To study how widespread these two problems are (not en-
abled and wrong order of commands), we scanned the Internet with an 
instrumented browser. The dataset consists of about 32,000 Domains 
ending with “.de” to make sure they address European (or German) vis-
itors. Those domains were randomly extracted from various pages of 
the German Wikipedia.

PRELIMINARY RESULTS
The fi rst study shows that “Package Typosquatting” is a problem that 
aff ects many users. In the course of the study, about 17,000 computers 
installed “typosquatted” packages and could therefore be turned into a 
botnet. About half of the installations were executed with full adminis-
trative rights. Among the aff ected hosts, there were computers of the 
government and military of the United States. The second part of the 

study is ongoing, but as of now, about 50% of the “typosquatted” pack-
ages were already deleted. For Google Analytics, 2,791 of the 32,782 
websites do not anonymize the IP address of their visitors, whereas 
650 fail to enable “Anonymize IP” before sending the tracking data to 
Google.

PLANNED NEXT STEPS
The next steps include evaluating the second part of the Typosquat-
ting and fi nding more common problems on client-side and serv-
er-side JavaScript that can be evaluated systematically. In addition, 

website owners which implement Google Analytics incorrectly could 
be asked if they have reason or ideas why they made the mistake.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
Currently, it is an open question whether testing JavaScript program-
mers, e.g., by providing tasks that are diffi  cult to implement, yields 
results in regard to new problems. Designing a sensible setup is de-

manding, getting ideas from researchers that perform such experi-
ments more often would be useful.
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INTRODUCTION
Popular sites and web apps, e.g., Google Docs and Slack, make heavy 
use of the JavaScript scripting language. As a fact, JavaScript is used 
on most websites today. Given its prevalence, only very little is known 
about the extent of security and privacy problems that result from un-
intentional programming mistakes in JavaScript or accidental misuse of 
tools in the JavaScript ecosystem. The issue of programming mistakes 
has mostly been addressed from the perspective of XSS vulnerabilities 
on the client-side, which allow attackers to steal users’ data or perform 
actions on behalf of the users. Furthermore, existing research focuses 
on detecting those vulnerabilities reliably and at a large scale [1], rather 
than asking what caused the programmer’s mistake in the fi rst place. 
It has been argued, that the usability of a programming language and 
its APIs infl uences the security of computer programs [2,3]. However, 
no such analysis of JavaScript’s language constructs and APIs, including 
those of commonly used libraries, has been conducted yet. Also, the 

infl uence of documentation and tutorials for programmers is discussed 
[4]. However, the discussion is limited to problems that target security
questions directly; it does not cover general code examples where inse-
cure practices are promoted and do not address JavaScript specifi cally.

Moreover, a programming language’s ecosystem and its tools can lead 
to security issues if they are prone to misuse or promote bad practic-
es. To the best of the author’s knowledge, the only security problem in 
the ecosystem that was described deals with outdated dependencies. A 
signifi cant number of websites depend on old library versions with se-
curity issues [5]. Understanding the defi cits in the JavaScript language, 
its APIs, documentation, and ecosystem that facilitate security-related 
mistakes, helps to propose improvements. Thus, it may enhance the 
security of software written in JavaScript and consequently the security 
of many websites and web apps.

PROBLEM STATEMENT AND RESEARCH QUESTION
JavaScript heavily depends on external packages, because the language 
itself is minimal and does not off er many of the predefi ned functions 
found in other languages. Therefore, typical JavaScript software has 
many dependencies. As described before, those dependencies are 
often outdated. Therefore, the following question arises: What other 
common problems exist in the JavaScript‘s ecosystem regarding package 
management and how do they impact security and privacy? 

JavaScript is increasingly not only used on the client-side, but also on 
the server-side to provide a backend for the frontend. This may intro-

duce new problems. Hence, we ask: What are common problems on the 
client-side and on the server-side and how do they diff er? How
widespread are those problems? Why do programmers make those mis-
takes? 

Being aware of the identifi ed problems, the fi nal goal is always to en-
hance the security. Consequently, we ask: Which improvements can be 
proposed to reduce the number of mistakes made by programmers and 
system administrators

RESEARCH APPROACH AND METHODOLOGY
To describe a problem with JavaScript’s package management (NPM 
Registry), we apply an attack known as “Domain Typosquatting” [6] 
to this new domain. In “Domain Typosquatting” an adversary wants 
to distribute malware or earn money by showing ads. For this pur-
pose, she registers a domain that is quite similar to an existing, 
popular domain, e.g., “gogle.com,” which is a commonly mis-typed 
version of “google.com.” If a user now accidentally mis-types “gogle.
com” into her browser, she is displayed with ads by the adversary 

or in the worst case, downloads malware. The same attack can be 
applied to JavaScript package names instead of domains: In the NPM 
registry, anyone can register a JavaScript package under any name 
that is not already taken. This allows for an attack we call “Package 
Typosquatting.” Theadversary uploads a new package that contains 
malware. For the package name, he uses a name that is similar to 
an already existing, popular package. If a programmer or system 
administrator now installs the package, e.g., by typing “npm install 
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the available training data. For that reason a main research goal is 
to not only predict an accurate battery’s SOH, but also shift input 
parameters to more accessible data in typical battery pack.

PRELIMINARY RESULTS
The communication between inverter and battery was set up and a 
few automated charge and discharge cycles were successfully com-
pleted. Even some pulse tests for characterization were recorded and 
observed. The hence resulted calculation of the internal resistance of 
the battery provides plausible outcomes. However those records con-

tains only current and voltage samples at a frequency of 10 kHz. The 
following test cycles in the near future will be recorded with a higher 
frequency up to 144 kHz, together with further information e.g. the 
temperature.

PLANNED NEXT STEPS
Beside the ongoing data collection, next steps in the project involves 
developing a faster parameter identifi cation for the battery under test. 
That includes a well-structured dataset with accurately defi ned explan-
atory variables. This data preprocessing is one of the primary task in 
machine learning and requires the most time of the developing pro-
cess. Afterwards the developing of a fi rst prediction model and the 
comparison of the results with SOH estimation methods from related 
work is the aspiration. In addition diff erent machine learning models 

and varying learning approaches will be implemented and compared 
with each other. To fi nalize the research, the developed prediction 
model will be examined. Most of the time machine learning models are 
working as black box models – they do not contribute to an improved 
understanding of the electrochemical processes within the battery. A 
following feature selection, e.g. principle component analysis (PCA), 
might provide new insights in the complex ageing mechanism of Li-ion 
batteries and might off er possibilities for a more effi  cient battery usage.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
The generalizability of the proposed SOH estimation method needs fur-
ther investigations. Therefor studies with diff erent types of Li-ion bat-
teries should be conducted. Especially the examinations of batteries at 
diff erent degeneration stages is a promising approach. For that reason 

access to a lager variety of batteries arises the opportunity for a pos-
sible cooperation. Furthermore a close dialogue with electrochemical 
experts might give new impetus how to achieve better estimations of 
the actual battery’s SOH.
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INTRODUCTION
With the rising popularity of electric vehicles (EVs), effi  cient use of pow-
er battery packs is a major topic of interest. Due to the improvements 
of lithium ion (Li-ion) technology in terms of reliability and safety over 
the past forty years, Li-ion based batteries have become the preferred 
choice for EVs [1]. Li-ion batteries are complex systems and their per-
formance degrades with time and usage. Even though the state-of-
health (SOH) is well defi ned, the identifi cation of ageing and degener-

ation mechanism in a battery is the main and most challenging goal 
[2]. The SOH determines the health of the battery and it compares the 
battery's current state variables to their original rated values. To assure 
an effi  cient and economic use in EVs, it is widely accepted that a battery 
reached its end-of-life (EOL) for vehicle application when the SOH de-
creases to 80% [3–5].

PROBLEM STATEMENT AND RESEARCH QUESTION
An estimation of the battery’s current SOH is thus essential not only to 
rate the performance during operation but to identify a possible sec-
ond-life usage. Since Li-ion batteries are an expensive component in 
EVs, second-life applications are therefore a promising market [6], e.g. 
vehicle to grid applications, grid-based stationary applications, off -grid-
based stationary applications and mobile energy storage applications 
[7]. To characterize second-life batteries, SOH estimation plays an im-
portant role to guarantee a safe and reliable system’s operation. With-
out prior knowledge of their usage history, SOH estimation methods in 

scientifi c literature suff er from disadvantages such as extensive labo-
ratory work, need for additional equipment or permanent damage [8]. 
For that reason our research focuses on a novel method that achieve 
battery performance estimation without prior knowledge or experi-
mental preparations. A purely data-driven approach based on charge 
and discharge behavior of batteries and a possible deeper understand-
ing of ageing factors of Li-ion batteries is the main goal.

RESEARCH APPROACH AND METHODOLOGY
Although statistical learning methods like artifi cial neural networks 
(ANNs) or support vector machines (SVMs) have been successful-
ly applied for state-of-charge (SOC) estimation, purely data-driven 
methods for SOH estimations are rather uncommon in literature [8]. 
Most of them are focusing on the accuracy of cell’s SOH, rather than 
the SOH of battery packs, which are not directly equivalent [3]. Two 
machine learning approaches for SOH estimation are introduced in 
[4, 9]. In [4] a SVM is used for predicting the SOH contrary to the 
linear regression in [9]. Even though the presented learning models 
were working with diff erent machine learning approaches, they are 
both using the capacity and internal resistance as primary degen-
eration indicators for the battery. Currently, the decrease of capac-
ity and the increase of internal resistance are the main indices to 
represent the SOH [2, 10]. To identify those parameters a standard 
performance test is conducted: two successive low constant-current 
discharge test for capacity determination and four pulse tests at 90, 
70, 50, and 30% SOC for resistance determination [11, 12]. Both re-

lated works are focusing on online estimation methods, this basically 
means that the SOH is estimated under vehicle working condition. 
Those machine learning models for online estimations are there-
fore limited in terms of memory and computational power. In this 
research project stationary battery packs are used, so the data col-
lection is not limited to the sensors available in EVs and also more 
complex prediction models can be developed. But analogous to the 
previously mentioned dissertations, a test cycle for battery charac-
terization and parameter identifi cation needs to be designed. The 
developing process for that can be described by the following steps:
• Setting up system infrastructure.
• Gathering battery data.
• Developing machine learning model.

Thereby the actual “modelling” of the prediction model is an iterative 
process composed of training and testing, and the performance of 
the developed model highly depends on the amount and quality of 
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RELATED WORK
Roland Heuermann et al. [2] illuminate digitization in public admin-
istration on all levels of government. While they sometimes focus on 
economic aspects, the book gives an interesting overview of involved 

sciences and parties, and off ers recommendations of action for IT and 
its role in public administration.

PLANNED NEXT STEPS
One imminent part of my research will revolve around observing and 
categorizing workfl ows and procedures in public administration. I could 
form a cooperation with the purchase department of the University 
of Regensburg where I will conduct a fi rst study and be able to gather 
qualitative data through interviews and observation of typical work-

fl ows. I wish to identify some generic workfl ows, which are transferra-
ble to other departments. Additionally I will further reach out to other 
departments and public offi  ces of the city of Regensburg for possible 
cooperation.

OPEN ISSUES AND POSSIBILITIES FOR COOPERATION
Aside from the interdisciplinary approach and above named fi elds ad-
ditional connecting factors might be found in information ethics, work 
ethics, psychology and anything related to e-government.
Ethics and psychology might reveal links to the last society shaping 

periods – the industrial revolutions – and how problems and fears in 
work environments can be overcome [1]. One open issue that can´t 
be grasped yet is the extent of the technological prowess of future in-
novations.
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INTRODUCTION
Digitization is complex and it will concern every individual of our so-
ciety. If we think about the early stages of the industrialization, some 
similarities regarding the scale of the upcoming challenges and op-
portunities emerge and are yet to be fully revealed. Since this process 
has already started and happens faster than some of us might be able 
to follow, we need to adapt to this phenomenon, be fl exible for new 
technologies and overcome gaps between the so-called digital natives 
and older generations.

With my PhD thesis, I want to contribute to solutions, which tackle 
those challenges. In specifi c, our Research Group “Physical Aff or-

dances for Digital Media and Workfl ows” is participating in the re-
alization and implementation of novel hard- and software systems. 
With the background of media informatics, I want to develop reliable 
methods to evaluate the Usability and practical impact on workfl ows 
of those systems. Furthermore, I want to focus my research on the 
domain of public administration in Germany. I hope that the resulting 
optimizations will benefi t not only civil servants but also any citizen 
who is in need of the services of this governing authority.

PROBLEM STATEMENT AND RESEARCH QUESTION
Since this assignment requires knowledge and thoughtfulness in many 
scientifi c fi elds beyond media informatics like administration informat-
ics, administration science, organization science, socio informatics and 
others, I am still gathering literature in order to tackle this challenge ap-
propriately. Additionally I need to conduct some fi rst small experiments 
to get a better grasp of the matter. As a small outlook, I identifi ed the 
following questions, which will contribute to the problem statement of 
my thesis:
•  Can we off er a generic evaluation tool for workfl ows and prototypes in 

German public administration?

•  What qualities does this tool need in order to be adaptive, easy to use 
and scientifi c valid?

•  Is it possible to measure real improvements regarding effi  ciency, ef-
fectiveness and satisfaction?

•  How can new Systems be introduced in German authorities, without 
any loss in motivation and minimal resistance?

•  How can we preserve important physical aff ordances and use their 
advantages in everyday workfl ows?

RESEARCH APPROACH AND METHODOLOGY
In order to solve the problems discussed above I want to develop meth-
ods and models, which allow us to evaluate and describe user experi-
ence of prototypes and workfl ow innovations in public administration. 
With my generic approach, consisting of a combination of qualitative 
and quantitative analysis, I hope to make diff erent prototypes compa-
rable and thus make it easier to identify deterioration and improve-
ments. In the fi rst phase of my PhD, I want to try diff erent established 
methods like semi-structured interviews, heuristics, expert evaluation, 

contextual inquiry, questionnaires and others [3]. I can also imagine 
making some psychophysiological measurements regarding user en-
gagement and motivation. I believe that it might be of importance to 
understand how we can increase acceptance and motivation with novel 
hard- and software systems in this domain. I expect to contribute to the 
understanding of workfl ows in public administration and plan to off er 
guidelines for software developers and engineers for further improve-
ment in the digital era.
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