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1 Organisers

Kristina Yordanova is head of the Junior Research Group “Cognitive Methods for Situation-Aware Assistive
Systems” at the University of Rostock. She works on topics addressing the modelling of user behaviour and
automated learning of ontologies for assistive systems, probabilistic methods for situation-aware activity and
intention recognition, learning behaviour models from texts, and annotation of human behaviour.

Emma Tonkin is a researcher at the Sensor Platform for HEalthcare in a Residential Environment (SPHERE)
group at the University of Bristol. She works on system integration and machine learning. A classification
researcher by background with a particular interest in working with unstructured texts, she is currently re-
searching knowledge representation structure development to be used in participant-operated systems, in order
to support distributed machine learning and data mining in domestic environments.

Teodor Stoev is a researcher at the Department of Visual and Analytic Computing at the University of
Rostock. His research is situated in the project BehavE funded by the German Research Foundation. His work
investigates automated methods for heterogeneous data fusion, such as sensor, audio, video, and textual data,
and structured knowledge bases. He also works on sensor-based behaviour analysis, natural language processing
for behaviour understanding and automated annotation of user data.
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2 Workshop Topic Description

Labelling user data is a central part of the design and evaluation of pervasive systems that aim to support the
user through situation-aware reasoning. It is essential both in designing and training the system to recognise and
reason about the situation, either through the definition of situation models in knowledge-driven applications,
or through the preparation of training data for learning tasks in data-driven models. Hence, the quality and
quantity of annotations can have a significant impact on the performance of the derived systems. Labelling
is also vital for validating and quantifying the performance of applications. With pervasive systems relying
increasingly on large datasets for designing and testing models of users’ activities, the process of data labelling
is becoming a major concern for the community.

Labelling is typically a manual process, often done by analysing a log of a completed trial. The resulting
annotation is a sequence of labels representing the underlying meaning of data [2], a symbolic representation
of the sequence of events. While social sciences have a long history in labelling (coding) human behaviour
[2], coding in ubiquitous computing to provide the ground truth for collected data is a challenging and unclear
process [3]. Annotation processes are not always described in detail and their quality may not be evaluated, thus
making publicly available datasets and their provided annotations unusable [1]. Besides, most public datasets
provide only textual labels without any semantic meaning, unsuitable for evaluating ubiquitous approaches that
reason beyond the event’s class [6]. What is more, at present annotation is treated as a one-size-fits-all process.
In reality there is a diverse spectrum of annotation approaches, suitable for different tasks and settings (e.g. for
validation, training etc; laboratory or home settings; used by the data subject or a second annotator). Addressing
the diversity of annotation methodologies opens a new research avenue that potentially will improve the quality of
ubiquitous systems and datasets. In addition, manual labelling suffers from limitations, in particular regarding
reproducibility and annotators’ subjectivity. Annotators require time-consuming training and disagreements
between them, either semantically, temporally, or quantitatively, can be significant. This is often due to no
real underlying "ground truth" existing, because of inherent ambiguities in annotating human activities and
intents. Concurrent activities are also non-trivial to deal with and may be approached in multiple ways.
Manual annotation is also unsuitable for in-the-wild long-term deployment, and methods need to be developed
for labelling in a big data context. Self-annotation is a potentially useful alternative to data labelling in a free
living scenario, but may result in a label set that is more difficult to use for traditional tasks such as training
of models [5]. Development of self-annotation tools that offer an acceptable user experience whilst maintaining
adequate data quality is an ongoing strand of activity within the community. Finally, standardisation and
normalisation in annotation practices become important challenges for the system’s reliability [4]. As ubiquitous
systems move to real world applications that rely on large quantities of annotated data, transferring labels and
data becomes a possible solution to the lack of sufficient amounts of annotated data. The lack of standardisation
and normalisation in annotation processes, dictionaries, or methods hinders such approaches in practice.

This workshop aims to address the above problems by providing a venue for researchers to reflect on their
experiences, problems and possible solutions associated with labelling. It covers 1) the role and impact of
annotations in designing pervasive applications, 2) the process of labelling, and the requirements to produce
high quality annotations for diverse settings and tasks, 3) innovative tools, interfaces and automated methods
for annotating user data, and 4) methods for standardisation and normalisation in annotation practices.

Labelling user data is crucial to several stages of the design and evaluation of pervasive systems. As such, it
has been featured to some extent in conferences and workshops on activity recognition and pervasive systems,
together with the many other aspects of these subjects. For example, at PerCom 2020, the HCCS workshop
addressed methodologies for collecting and processing multimodal human sensing data; PerFlow looked at data
collection methods via crowdsensing; WristSense discussed experiences in data collection; CoMoRea addressed
the creation of ontologies for the design of pervasive applications; and the PerHealth workshop covered learning
tasks for recognising activities and patterns. All of the above workshops address only aspects of the annotation
process, mostly with emphasis on data collection. Annotation is often addressed only implicitly rather than
considered as a key stage of developing pervasive applications. To the best of our knowledge, no other workshops
or conferences beside ARDUOUS have yet focused on the complexity of the annotation process in its entirety,
collating all of its aspects to examine its central role and impact on ubiquitous systems. We believe that
this is indeed an important topic for the community, which has been too often subsumed into discussions of
related topics. We wish to highlight the importance of high-quality annotation, and the related challenges and
requirements. In this year’s workshop we also want to stress the problem of standardisation and normalisation
in labelling user data, adequate (semi)-automated tools for annotation of datasets in the context of big data, and
the annotation reusability, as these were key concerns identified last year during the discussion session. These
will also be reflected in an annotation challenge, which was agreed upon during last year’s panel discussion.
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3 Workshop Committee

3.1 Potential Committee Members

The following researchers are potential committee members:

• Jesse Hoey, University of Waterloo, Canada

• Peter Flach, University of Bristol, UK

• Gustaf Hendeby, Linköping University, Sweden

• Guang-Zhong Yang, Imperial College London, UK

• Thierry Declerck, German Research Centre for Artificial Intelligence, Germany

• Peter Haddawy, Mahidol University, Thailand

• Aftab Khan, Toshiba Research, UK

• Galia Angelova, Bulgarian Academy of Sciences, Bulgaria

• Frank Krüger, University of Rostock, Germany

• Alison Burrows, University of Bristol, UK

• Rachel King, University of Reading, UK

• Tom Diethe, Amazon Research, UK

• Cecily Morrison, Microsoft Research Cambridge, UK

• Aristodemos Pnevmatikakis, Athens Information Technology, Greece

• Antonio Krüger, German Research Centre for Artificial Intelligence, Germany

• Sabine Bergler, Concordia University, Canada

• Diane Cook, Washington State University, USA

• Alex Mihailidis, University of Toronto, Canada

• Helene Pigot, University of Sherbrooke, Canada

• Stephen Intille, Northeastern University, USA

• Edith Law, University of Waterloo, Canada

• Liming Chen, De Montfort University, UK

• Chris Nugent, Ulster University, UK

• Thomas Ploetz, Newcastle University, UK

• José Hernández-Orallo, Politechnical University of Valencia, Spain

• Fernando Moya, Technical University Dortmund, Germany

• Carl Olsson, Malmö University, Sweden

• Francois Portet, Laboratoire d’informatique de Grenoble, France

• Hirohiko Suwa, NAIST Graduate School of Science and Technology, Japan

• Konstantinos Tsiakas, Yale University, USA

• Juan Ye, St. Andrews University, UK

• Kristof van Laerhoven, University of Siegen, Germany

4 Targeted Communities

We aim to bring the topics of the role and processes of annotation, the requirements of (semi-)automated an-
notation tools, the ethical and privacy aspects of labelling, and the standardisation of annotation practices to
the attention of researchers from the field of ubiquitous and pervasive computing with interdisciplinary back-
grounds. These fields include assistive systems, intelligent environments, activity recognition, user monitoring
and automated healthcare, context modelling and reasoning, social media analysis, pervasive user interaction,
user profiling and personalisation, personalised mobile and wearable systems. We aim to increase the awareness
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within the ubiquitous and pervasive computing community of 1) the role and impact of annotations in designing
pervasive applications, 2) the process of labelling, and the requirements to produce high quality annotations
for diverse settings and tasks, 3) innovative tools, interfaces and automated methods for annotating user data,
4) methods for standardisation and normalisation in annotation practices, and (5) to initiate a reflection on
possible resolutions of the related problems.

5 Workshop Format

We propose a one-day workshop.

Before: In this edition of the ARDUOUS workshop, we have decided to encourage the participation in an
annotation challenge that 1) evaluates the performance of annotation tools and methodologies on a concrete
dataset; and 2) fosters the discussion of standardisation and normalisation of annotation practices. Before the
workshop we will introduce the publicly available challenge dataset1 which has been newly annotated by the
University of Rostock2. Workshop participants will be encouraged to use the dataset in order to produce high
quality annotation based on a predefined codebook. The participants will be asked to submit their annotation
and documentation about the annotation process before the workshop as well as a paper describing the method-
ologies and results. The submitted annotation will be evaluated in terms of interrater reliability both with
respect to the existing ground truth and also compared to the rest of the submitted annotations. The results
from the challenge will be discussed during the annotation challenge session and the best annotation challenge
award will be given, based on an overall scoring that takes into account the quality of the annotations and
further factors influencing the sustainability of the annotation process such as cost, duration and sustainability.

During: This will be a full day workshop with many opportunities for interaction and fostering interdisci-
plinary collaboration. In the morning, an invited talk will be followed by short presentations of accepted papers
(about 10 minutes per paper depending on the number of accepted papers). The short presentations should be
used as a teaser for the poster session that will take place afterwards. During the poster session, participants
who participated in the challenge will be able to showcase their methods, tools, and results in parallel to the
posters presentation. In the afternoon, the annotation challenge session will be organised. During this session
the results from the challenge will be discussed. This session will be the basis for a publication reporting on
the finding from the challenge. The annotation challenge session will be summarised and further discussed
during a following discussion session on the problems and requirements associated with standardisation and
normalisation of annotation practices. Furthermore, during the discussion session this year, the participants
will exchange experiences and practical problems in addressing associated issues.

Invited speaker: We intend to invite an expert from the field of ubiquitous computing to give a talk on the
problems associated with annotating user data. Possible candidates for the talk are:

• Mark Musen, Professor of Biomedical Informatics at Stanford University and Director of the Stanford
Center for Biomedical Informatics Research. He conducts research related to intelligent systems, reusable
ontologies, metadata for publication of scientific data sets, and biomedical decision support. His group
developed Protégé, the world’s most widely used technology for building and managing terminologies and
ontologies.

• Cecily Morrison is a member of Human Experience and Design research group at Microsoft Research
Cambridge. She is interested in supporting health and well-being using digital and sensing technologies.
While working at bringing these technologies into clinical practices, she experienced and addressed some
of the challenges in collecting and consistently annotating subjective user data.

• Kristof van Laerhoven is a professor in Ubiquitous Computing at the University of Siegen. His expertise
lies in (wearable) sensing systems, ubiquitous computing, machine learning, and activity recognition. In
the course of his research he has also addressed the associated labelling tasks and their challenges.

• Edison Thomaz is an assistant professor in the department of Electrical and Computer Engineering at the
University of Texas at Austin. He directs the Human Signals lab and co-leads the Life Sensing Consortium.
His research focuses on the use of ubiquitous and wearable sensing technologies to computationally perceive
human signals including behavioral, emotional and physiological indicators. His interests include context
and activity recognition, health and personalised medicine.

1Quality of life grand challenge (http://kitchen.cs.cmu.edu/)
2http://purl.uni-rostock.de/rosdok/id00002273
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Best paper award: A best paper will be selected by the organisers following recommendations of the reviewers,
based on the quality, originality, and relevance of its contribution.

After:

• Proceedings: The proceedings will be published in the IEEE digital libraries (Xplore) and PerCom’s
supplement proceedings.

• Special Issue on Annotation Tools and Methods for Ubiquitous Systems: Contributing participants will
be encouraged to submit extended versions of their contributions to a special issue of a relevant jour-
nal. Possible journals are IEEE Pervasive Computing, IEEE Intelligent Systems, ACM Transactions on
Interactive Intelligent Systems, Sensors. The journal will be chosen based on the dominant focus of the
workshop participation. For example, selected papers from ARDUOUS 2017 and 2018 were invited for a
special issue on Annotation of User Data for Sensor-Based Systems in the Sensors Journal3 and selected
papers from ARDUOUS 2019 and 2020 were invited for a special issue on Multisensor and Multimodal
Datasets in Intelligent Home for Context-Awareness, Human Home Interaction and Dialogue again in the
Sensors Journal 4.

• A technical report describing the outcome of the discussion session: The discussion session will be sum-
marised in a technical report or depending on the findings from the challenge, also a journal paper is
possible.

5.1 Previous Workshops

The 1st International Workshop on Annotation of useR Data for UbiquitOUs Systems took place at PerCom
2017 and since then we have been part of the PerCom Workshops. Eight papers were accepted for presentation
in ARDUOUS 2017, 6 in ARDUOUS 2018, 6 in ARDUOUS 2019, 7 in ARDUOUS 2020 and each year all of
them were presented. The workshops were a full day workshops, which 2017 and 2018 took place on Friday after
the conference, and in 2019 on Monday before the conference. In 2020 the workshop took place on Monday
and for the first time it had a digital form. Each year our workshop had a good attendance, with 15 to 25
participants throughout the day and until the very end of the workshop.

We believe that the success of the workshop was due in good part to its interactive structure, and notably
its informal discussion session that retained a dozen of participants well after the other workshops were finished.
This allowed the workshop participants to exchange ideas and to debate in a very fruitful discussion on the
challenges associated with annotating user data for ubiquitous systems (for example, see the technical report
from ARDUOUS 2017 [7]). Based on this, we would like to keep the general structure of the workshop. In this
year’s workshop we plan to encourage the participants to participate in the annotation challenge, which will
allow the researchers to present their own tools, methodologies and results. The problems associated with data
standardisation, normalisation and transferability of labels was one of the key outcomes from the discussion
session in the 4th ARDUOUS, which motivated this challenge.

Based on the discussion session during the 4th ARDUOUS we also identified that one of the key future
challenges when annotating user data is coping with datasets in the context of big data. We acknowledged
that manual annotation is mostly infeasible in such situation and some automation is needed. Furthermore, it
was noted that existing datasets are not well documented and their reusability is limited, in part due to the
inconsistency of the labels across datasets and because there is no consistent taxonomy of existing datasets
and the labels granularity. These also motivated the idea behind the annotation challenge. Several workshop
participants from ARDUOUS 2020 have already confirmed their wish to participate in the challenge. For that
reason, we want to shift the main focus of the workshop to 1) the role and impact of annotations in designing
pervasive applications, 2) the process of labelling, and the requirements to produce high quality annotations
for diverse settings and tasks, 3) innovative tools, interfaces and automated methods for annotating user data,
4) methods for standardisation and normalisation in annotation practices and possible roadmaps and good
practices in addressing them. Furthermore, we wish to keep the general focus from last year, as we believe the
problems addressed this year will be relevant and, indeed, increase in significance in the near future.

3http://www.mdpi.com/journal/sensors/special_issues/AUDSS
4https://www.mdpi.com/journal/sensors/special_issues/multi_sensor_intelligent_home
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5.2 Expected Workshop Size

This workshop is addressed to a quite large community, and we expect of the order of 10 to 20 submitted original
papers. We aim to have 20 to 30 participants, with 6 to 10 presented papers.

6 Publicity Plan

To reach a wide audience, we intend to use different approaches for announcing the workshop.

• The Call for Papers will be sent out to relevant mailing lists and research groups and institutions.

• The workshop will be added to various conference calendars.

• The workshop webpage (https://text2hbm.org/arduous) will contain detailed workshop information.

• The workshop will be promoted via the committee members’ networks, in our email signature, and in
social media.
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Call for Papers: International Workshop on Annotation User Data for
Ubiquitous Systems

Labelling user data is a central part of the design and evaluation of pervasive systems that aim to support the
user through situation-aware reasoning. It is essential both in designing and training the system to recognise
and reason about the situation, either through the definition of a suitable situation model in knowledge-driven
applications, or though the preparation of training data for learning tasks in data-driven models. Hence, the
quality of annotations can have a significant impact on the performance of the derived systems. Labelling
is also vital for validating and quantifying the performance of applications. With pervasive systems relying
increasingly on large datasets for designing and testing models of users’ activities, the process of data labelling
is becoming a major concern for the community. Even more, with the increase of pervasive applications relying on
annotated data, it becomes important to develop standards and normalisation methodologies for transferability
of annotated data across different applications.

To address the problem, this year’s workshop focuses on methods for standardisation and normalisation
in annotation practices and possible roadmaps and good practices in addressing the associated challenges.
Furthermore, we aim to address the general problems of 1) the role and impact of annotations in designing
pervasive applications, 2) the process of labelling, and the requirements to produce high quality annotations for
diverse settings and tasks, 3) innovative tools, interfaces and automated methods for annotating user data. The
goal of the workshop is to bring these topics to the attention of researchers from interdisciplinary backgrounds,
and to initiate a reflection on possible resolutions of the related problems.

We invite you to submit papers with a maximum of 6 pages that offer new empirical or theoretical insights
on the challenges and innovative solutions associated with labelling of user data, as well as on the impact that
labelling choices have on the user and the developed system. The topics of interest include, but are not limited
to:

• methods and intelligent tools for annotating user data for pervasive systems;

• methods for standardisation and normalisation in annotation practices;

• influence of interface on annotation;

• processes of and best practices in annotating user data;

• methods towards automation of the annotation process;

• improving and evaluating the quality of annotations;

• ethical and privacy issues concerning the annotation of user data;

• beyond the labels: ontologies for semantic annotation of user data;

• high-quality and re-usable annotation for publicly available datasets;

• impact of annotation on a ubiquitous and intelligent system’s performance;

• building classifier models that are capable of dealing with multiple (noisy) annotations and/or making use
of taxonomies/ontologies;

• the potential value of incorporating modelling of the annotators into predictive models.

Format: Maximum of 6 pages including references, in IEEE conference format.

Submission: Through the EDAS submission system (link will be provided)

Review process: The review process will be double blind.

Registration: At least one author of each accepted paper must register for the workshop and for at least
one day of the conference.

Program Committee:

Organisers

• Kristina Yordanova, University of Rostock, Germany

• Emma Tonkin, University of Bristol, UK

• Teodor Stoev, University of Rostock, Germany

Prospective Committee Members
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• Jesse Hoey, University of Waterloo, Canada

• Peter Flach, University of Bristol, UK

• Gustaf Hendeby, Linköping University, Sweden

• Guang-Zhong Yang, Imperial College London, UK

• Thierry Declerck, German Research Centre for Artificial Intelligence, Germany

• Peter Haddawy, Mahidol University, Thailand

• Aftab Khan, Toshiba Research, UK

• Galia Angelova, Bulgarian Academy of Sciences, Bulgaria

• Frank Krüger, University of Rostock, Germany

• Alison Burrows, University of Bristol, UK

• Rachel King, University of Reading, UK

• Tom Diethe, Amazon Research, UK

• Cecily Morrison, Microsoft Research Cambridge, UK

• Aristodemos Pnevmatikakis, Athens Information Technology, Greece

• Antonio Krüger, German Research Centre for Artificial Intelligence, Germany

• Sabine Bergler, Concordia University, Canada

• Diane Cook, Washington State University, USA

• Alex Mihailidis, University of Toronto, Canada

• Helene Pigot, University of Sherbrooke, Canada

• Stephen Intille, Northeastern University, US

• Edith Law, University of Waterloo, Canada

• Liming Chen, De Montfort University, UK

• Chris Nugent, Ulster University, UK

• Thomas Ploetz, Newcastle University, UK

• José Hernández-Orallo, Politechnical University of Valencia, Spain

• Fernando Moya, Technical University Dortmund, Germany

• Carl Olsson, Malmö University, Sweden

• Francois Portet, Laboratoire d’informatique de Grenoble, France

• Hirohiko Suwa, NAIST Graduate School of Science and Technology, Japan

• Konstantinos Tsiakas, Yale University, USA

• Juan Ye, St. Andrews University, UK

• Kristof van Laerhoven, University of Siegen, Germany

Important dates:

Submission deadline: 9 November 2020

Notification of acceptance: 5 January 2021

Camera ready version: 30 January 2021 (TBC)

Workshop: March 2020 (TBC)

For further information regarding the workshop and paper submission, please visit our webpage (https:
//text2hbm.org/arduous) or contact Kristina Yordanova at kristina.yordanova@uni-rostock.de, Emma Tonkin
at e.l.tonkin@bristol.ac.uk or Teodor Stoev at teodor.stoev@uni-rostock.de.
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