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FOREWORD

This book contains the proceedings of the 10th International Joint Conference on Biomedical Engineering
Systems and Technologies (BIOSTEC 2017). This conference is sponsored by the Institute for Systems
and Technologies of Information, Control and Communication (INSTICC), in cooperation with the ACM
Special Interest Group on Knowledge Discovery and Data Mining (ACM SIGKDD), the EUROMICRO, the
International Society for Telemedicine & eHealth (ISfTeH), the Association for the Advancement of Artifi-
cial Intelligence (AAAI), the International Society for Computational Biology (iSCB) and the Biomedical
Engineering Society (BMES).

The purpose of BIOSTEC is to bring together researchers and practitioners interested in both theoretical
advances and applications of information systems, artificial intelligence, signal processing, electronics and
other engineering tools in knowledge areas related to biology and medicine.

BIOSTEC is composed of five complementary and co-located conferences, each specialized in at least
one of the aforementioned main knowledge areas: - International Conference on Biomedical Electronics
and Devices — BIODEVICES; - International Conference on Bioimaging — BIOIMAGING; - International
Conference on Bioinformatics Models, Methods and Algorithms — BIOINFORMATICS; - International
Conference on Bio-inspired Systems and Signal Processing — BIOSIGNALS; - International Conference on
Health Informatics - HEALTHINF.

The purpose of the International Conference on Biomedical Electronics and Devices (BIODEVICES) is to
bring together professionals from electronics, mechanical engineering and related disciplines, interested in
studying and using models, equipment and materials inspired from biological systems and/or addressing
biological requirements. Monitoring devices, instrumentation sensors and systems, biorobotics, micro-
nanotechnologies and biomaterials are some of the technologies presented at this conference.

The International Conference on Bioimaging (BIOIMAGING) covers the complex chain of acquiring, pro-
cessing and visualizing structural or functional images of living objects or systems, including extraction
and processing of image-related information. Examples of image modalities used in bioimaging are many,
including: X-ray, CT, MRI and fMRI, PET and HRRT PET, SPECT, MEG and so on. Medical imaging and
microscope/fluorescence image processing are important parts of bioimaging referring to the techniques
and processes used to create images of the human body, anatomical areas, tissues, and so on, down to the
molecular level, for clinical purposes, seeking to reveal, diagnose, or examine diseases, or medical science,
including the study of normal anatomy and physiology. Image processing methods, such as denoising,
segmentation, deconvolution and registration methods, feature recognition and classification represent an
indispensable part of bioimaging, as well as related data analysis and statistical tools.

The International Conference on Bioinformatics Models, Methods and Algorithms (BIOINFORMATICS)
provides an interdisciplinary forum for computational and biomedical researchers as well as practitioners
to discuss emerging topics associated with the application of computational systems and information tech-
nologies to various fields of biosciences, particularly molecular biology. The conference highlights the
advantages of using algorithmic techniques and mathematical models to better understand biological pro-
cesses and systems, with a focus on recent developments in genomics research and its impact on advancing
biomedical research. Areas of interest for this community include sequence analysis, biostatistics, image
analysis, scientific data management and data mining, machine learning, pattern recognition, computational
evolutionary biology, translational genomics, bioinformatics tools and other related fields.

The goal of the International Conference on Bio-inspired Systems and Signal Processing (BIOSIGNALS)
is to bring together researchers and practitioners from multiple areas of knowledge, including biology,
medicine, engineering and other physical sciences, interested in studying and using models and techniques
inspired by or applied to biological systems. A diversity of signal types can be found in this area, including
image, audio and other biological sources of information. The analysis and use of these signals is a multidis-
ciplinary area including signal processing, pattern recognition and computational intelligence techniques,
amongst others.
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The International Conference on Health Informatics (HEALTHINF) is the premier forum for the exchange
of interdisciplinary research and ideas, across a broad spectrum of design, development, adoption, and appli-
cation of informatics-based innovations in healthcare services. The field deals with the resources, devices,
and methods required to optimize the acquisition, storage, retrieval, and use of information in health care.
Amongst many other topics, it includes the research, development, and application of decision support sys-
tems, clinical data mining and machine learning, physiological and behavioral modeling, software systems
in medicine and public health, and mobile, wearable and assistive technologies in healthcare.

The conferences are complemented by three special sessions, respectively on: - Neuro-electrostimulation in
Neurorehabilitation Tasks (NENT); - Smart Medical Devices - From Lab to Clinical Practice (SmartMed-
Dev); - Analysis of Clinical Processes (ACP).

The BIOSTEC program also includes a Doctoral Consortium on Biomedical Engineering Systems and Tech-
nologies that brought together Ph.D. students within the biomedical field to discuss their research in an
international forum.

In 2017, BIOSTEC features four invited talks delivered by internationally distinguished speakers: Bethany
Bracken (Charles River Analytics Inc., United States), Kristina H66k (Royal Institute of Technology, Swe-
den), Bart M. ter Haar Romeny (Eindhoven University of Technology, The Netherlands) and Joyce H.D.M.
Westerink (Philips Research and Eindhoven University of Technology, The Netherlands).

The BIOSTEC joint conference received 297 paper submissions from 56 countries in all continents, of
which 21% were accepted as full papers. The submission’s high quality imposed difficult choices dur-
ing the review process. To evaluate each submission, a double blind paper review was performed by the
Program Committee, whose members are highly qualified independent researchers in the five BIOSTEC
Conferences’ topic areas.

As in previous editions of BIOSTEC, based on the reviewers’ evaluations and on the quality of the presen-
tations, a short list of authors will be selected and invited to submit extended revised versions of their papers
for a book that will be published by Springer with the best papers of BIOSTEC 2017.

We would like to express our thanks to all participants. First of all, to the authors, whose quality work is
the essence of this joint conference. Next, we thank all the members of the program committee and the
auxiliary reviewers for their diligence and expert reviewing. Also, we would like to deeply thank the invited
speakers for their excellent contribution in sharing their knowledge and vision. Finally, special thanks to all
the members of the INSTICC team whose collaboration was fundamental for the success of this Conference.

Finally, special thanks to all the members of the INSTICC team whose collaboration was fundamental for
the success of this Conference.

We wish you all an inspiring Conference and an unforgettable stay in Porto, Portugal. We hope to meet you
again next year for BIOSTEC 2018, details of which will soon be available at http://www.biostec.org.

Egon L. van den Broek
Utrecht University, Netherlands

Ana Fred
Instituto de Telecomunicacdes / IST, Portugal

Hugo Gamboa
LIBPHYS-UNL / FCT - New University of Lisbon, Portugal

Mario Vaz
INEGI LOME, FEUP, Portugal
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Brain-inspired Medical Image Analysis for Computer-aided
Diagnosis

Bart M. ter Haar Romeny
Eindhoven University of Technology (TU/e), The Netherlands

Abstract:

Discoveries on brain mechanisms have really taken off. Modern optical and new MRI technologies give

insight in this spectacular organ, especially in the field of vision. Of mutual benefit are new developments in
deep learning and neural network modeling, the mathematical understanding, and the availability of
massively parallel computing power. The lecture will address a number of lessons to learn from the brain
for medical computer-aided diagnosis, explain the mathematical intuition of a number of algorithms, and

show some remarkable successes booked so far.

BRIEF BIOGRAPHY
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distinguished professor at Northeastern University,
Shenyang, China. He closely collaborates with
Philips Healthcare and Philips Research, other
industries and (national and international) hospitals
and research groups. Currently he is project leader of
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retinopathy in Liaoning, China.
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is author/co-author of over 200 refereed journal and
conference papers, 12 books and book chapters, and
holds 2 patents. He supervised 29 PhD students, of
which 4 graduated cum laude, and over 140 Master
students. He is senior member of IEEE, associate
member of the Chinese Brainnetome consortium,
visiting professor at the Chinese Academy of
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Enhancing Well-being through Psychophysiology

Joyce Westerink
Philips Research and Eindhoven University of Technology (TU/e), The Netherlands

Abstract: Wellbeing is of importance to all of us, yet it is under constant pressure in our 24/7 economy. Our mental
state is reflected to some extent in bodily parameters like heart rate and skin conductance, and we can
measure them in real life using wearable sensing technology. Therefore, the hope is that such
psychophysiological measurements might help us find an optimal balance in our busy lives. The lecture will
discuss a number of promising application areas. Among them is bringing stress awareness through
monitoring physiology, e.g. showing a user his stress pattern as it develops over the day. Another use of the
psychophysiological signals is for biofeedback, so that a user is optimally guided in specific relaxation
exercises. By placing the user in the center of a closed optimization loop we might achieve such
improvements in a completely effortless way. Finally, psychophysiological signals can also facilitate
communication between persons, for instance allowing people to see whether they are in sync.

BRIEF BIOGRAPHY

Joyce Westerink (1960) was originally trained as a
physicist and afterwards expanded her horizon
towards human-technology. She is affiliated with
Philips Research (NL), where her research focuses
on psychological topics in a technological context,
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Westerink, J.

Enhancing Well-being through Psychophysiology.

In Proceedings of the 10th International Joint Conference on Biomedical Engineering Systems and Technologies (BIOSTEC 2017) - Volume 5: HEALTHINF, page 7
ISBN: 978-989-758-213-4

Copyright (© 2017 by SCITEPRESS — Science and Technology Publications, Lda. All rights reserved






Abstract:

Designing for Somaesthetic Experiences
Focusing on Actuation Rather than Sensing?

Kristina Ho66k
Royal Institute of Technology, Sweden

In designing for bodily experiences, there has been a lack of theories that can provide the underpinnings we
need to understand and deepen our design thinking. Despite all the work we have seen on designing for
embodiment, the actual corporeal, pulsating, live, felt body has been notably absent from both theory and
practical work. At the same time, digital products have become an integral part of the fabric of everyday
life, the pleasures (and pains) they give, their contribution to our social identity, or their general aesthetics
are now core features of their design. We see more and more attempts to design explicitly for bodily
experiences with digital technology, but it is a notably challenging design task. With the advent of new
technologies, such as biosensors worn on your body, interactive clothes, or wearable computers such as
mobiles equipped with accelerometers, a whole space of possibilities for gesture-based, physical and body-
based interaction is opened. How can we do a better job in interaction design involving our bodies? I will
discuss how Shusterman’s theories of somaesthetics might provide some inspiration, and the need to focus

on actuation rather than sensing.

BRIEF BIOGRAPHY

Kristina HOok is a professor in Interaction Design at
the Royal Institute of Technology and also works
part-time at SICS (Swedish Institute of Computer
Science). She is the director of the Mobile Life
centre. Hook has published numerous journal
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keynote speaker, she is known for her work on
social navigation, seamfulness, mobile services,
affective interaction and lately, designing for bodily
engagement in interaction through somaesthetics.
Her competence lies mainly in interaction design
and user studies helping to form design. She has
obtained numerous national and international grants,
awards, and fellowships including the Cor Baayen
Fellowship by ERCIM (European Research
Consortium for Informatics and Mathematics), the
INGVAR award and she is an ACM Distinguished
Scientist. She has been listed as one of the 50 most
influential 1T-women in Sweden every year since
2008. She is an elected member of Royal Swedish
Academy of Engineering Sciences (IVA).
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An Unobtrusive System to Measure, Assess, and Predict Cognitive

Abstract:

BRIEF BIOGRAPHY

Workload in Real-World Environments

Bethany Bracken
Charles River Analytics Inc., U.S.A.

Across many careers, individuals face alternating periods of high and low attention and cognitive workload,
which can result in impaired cognitive functioning and can be detrimental to job performance. For example,
some professions (e.g., fire fighters, emergency medical personnel, doctors and nurses working in an
emergency room, pilots) require long periods of low workload (boredom), followed by sudden, high-tempo
operations during which they may be required to respond to an emergency and perform at peak cognitive
levels. Conversely, other professions (e.g., air traffic controllers, market investors in financial industries,
analysts) require long periods of high workload and multitasking during which the addition of just one more
task results in cognitive overload resulting in mistakes.An unobtrusive system to measure, assess, and
predict cognitive workload could warn individuals, their teammates, or their supervisors when steps should
be taken to augment cognitive readiness. In this talk | will describe an approach to this problem that we
have found to be successful across work domains includes: (1) a suite of unobtrusive, field-ready
neurophysiological, physiological, and behavioral sensors that are chosen to best suit the target
environment; (2) custom algorithms and statistical techniques to process and time-align raw data originating
from the sensor suite; (3) probabilistic and statistical models designed to interpret the data into the human
state of interest (e.g., cognitive workload, attention, fatigue); (4) and machine-learning techniques to predict
upcoming performance based on the current pattern of events, and (5) display of each piece of information
depending on the needs of the target user who may or may not want to drill down into the functioning of the
system to determine how conclusions about human state and performance are determined. | will then focus
in on our experimental results from our custom functional near-infrared spectroscopy sensor, designed to
operate in real-world environments to be worn comfortably (e.g., positioned into a baseball cap or a
surgeon’s cap) to measure changes in brain blood oxygenation without adding burden to the individual
being assessed.
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faculty level, in the department of Psychiatry at
McLean Hospital and Harvard Medical School.

Dr. Bethany Bracken, is a Senior Scientist at Charles
River Analytics. Throughout her career, Dr. Bracken
has used a variety of behavioral, physiological,
cognitive, molecular, and neuroimaging
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answer questions about the neurobiology of
behavior. At Charles River, she currently works on
projects using neurophysiological and physiological
sensing methods to assess human states such as
stress, focused attention, and cognitive workload and
to predict upcoming performance deficits to allow
time to enact augmentation strategies to optimize
that performance. Dr. Bracken has a B.S. in
Psychology  from  Clarion  University  of
Pennsylvania, and a Ph.D. in Neuroscience from
Brandeis University. Before joining Charles River
Analytics, Dr. Bracken completed a postdoctoral
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Are Trustworthy Health Videos Reachable on YouTube?
A Study of YouTube Ranking of Diabetes Health Videos

Randi Karlsen', José Enrique Borras Morell! and Vicente Traver Salcedo?
I Department of Computer Science, UiT The Arctic University of Norway, Tromss, Norway

2ITACA - Health and Wellbeing Technologies, Universidad Politecnica de Valéncia, Valencia, Spain

randi.karlsen @uit.no, jobormo @ gmail.com, vtraver@itaca.upv.es

Consumer Health Information, Information Retrieval, Social Networks, YouTube, Health Video Retrieval,
Ranking Evaluation, Diabetes, Personal Health.

While health consumers are increasingly searching health information on the Internet, information overload is
a serious obstacle for finding relevant and good-quality information among inaccurate, obsolete or incorrect
health information. While a lot of information exists, information from credible sources, such as hospitals and
health organisations, may be difficult to find. The aim of this study is to analyse ranking of diabetes health
videos on YouTube over a time period, to learn whether videos from credible sources are ranked sufficiently
high to be reachable to users. 19 diabetes-related queries were issued to YouTube each day over a 1.5-month
period, and in total 2584 videos from credible sources was detected and their ranking position tracked. We
found that only a small number of the tracked videos were in practice available to the user, as most videos
were given a persistent low ranking. Also, since ranking is fairly stable, users cannot expect to find many new
videos (from credible sources) when issuing a query multiple times. We conclude that new tools are needed
that enable health video retrieval based on requirements concerning not only relevance and popularity, but also
credibility of the sources and trustworthiness of the videos.

1 INTRODUCTION

Internet has, during the last years, become a major
source of health information (AlGhamdi and Moussa,
2012; Griffiths et al., 2012; Madathil et al., 2015).
Users are typically searching for information about
specific diseases or symptoms, treatment side effects,
second opinions, complementary or alternative medi-
cines, search for others with similar health concerns
and follow personal health experiences through blogs
(de Boer et al., 2007; Diaz et al., 2002; Fox, 2011b;
Powell et al., 2011). Also, online health information
is used, not only by health consumers to gain know-
ledge about some health issue, but also by physicians,
for clinical decision support and for education purpo-
ses (Hughes et al., 2009).

However, a general problem when searching the
Internet, is the information overload and difficulty of
finding relevant information satisfying the informa-
tion need. Adding to this problem, too many websites
have inaccurate, missing, obsolete, incorrect, biased
or misleading information, and it may be difficult to
distinguish between trustworthy and specious infor-
mation (Briones et al., 2012; Madathil et al., 2015;

Karlsen, R., Morell, J. and Salcedo, V.

Pant et al., 2012; Shabbir et al., 2013; Singh et al.,
2012; Steinberg et al., 2010). When people are re-
lying on online health information to take medical de-
cisions or handle their health issues, it is obviously of
highest importance that the health information provi-
ded to users is not only relevant, but also correct and
trustworthy. Existing search engines select and rank
information based on relevance to a search query and
popularity. Evaluating quality aspects, such as relia-
bility and validity of information, is currently left to
the user. Thus, the overwhelming amount of health
information together with the mixed quality, makes it
difficult for users to identify good-quality health in-
formation on the Internet, especially when users are
not familiar with new technologies or when their he-
alth knowledge is limited. Also, certification appro-
aches, such as the ethical HON code, are not solving
the issue (Diaz et al., 2002).

Health information on the Internet comes from
different sources, including hospitals, health orga-
nisations, government, educational institutions, for-
profit actors and private persons reporting on perso-
nal experiences with some disease. User studies have
shown that the credibility of an information source is
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one of the most powerful factors affecting information
credibility (Freeman and Spyridakis, 2009). Users
are for example more likely to trust health informa-
tion published or authored by physicians or major he-
alth institutions than information provided by other
sources (Dutta-Bergman, 2003; Moturu et al., 2008;
Bermudez-Tamayo et al., 2013). Such studies show
that users show greater interest in health information
published by professional sources, such as hospitals
and health organisations, since these are considered
more credible than the average health information on
the Internet.

In our study we focus on health information pro-
vided through videos on YouTube and investigate to
what extent health videos from professional sources,
such as hospitals and health organisations, are availa-
ble to the user. YouTube is today the most important
video-sharing website on the Internet (Cheng et al.,
2008). It has over a billion users (almost one-third of
all people on the Internet) and every day people watch
hundreds of millions of hours on YouTube and gene-
rate billions of views (YouTube, 2016). YouTube so-
cial media tools allow users to easily upload, view and
share videos, and enable interaction by letting users
rate videos and post comments.

YouTube is increasingly being used to share he-
alth information offered by a variety of sources (chan-
nels), including hospitals, organisations, government,
companies and private users (Bennett, 2011). Ho-
wever, it may be difficult to find videos from credi-
ble channels, since YouTube video ranking is known
to favour content from popular channels. This may
cause for instance hospital videos, where social inte-
raction through likes/dislikes and comments are not
so common, to appear low in the ranked list. Also,
YouTube ranking does not focus on trustworthiness,
and both misleading and incorrect videos may well
be popular and may therefore be given a high ranking
(Briones et al., 2012; Shabbir et al., 2013).

A considerable amount of literature has been pu-
blished on YouTube data analysis, such as studying
relations between video ratings and their comments
(Yee et al., 2009) or focusing on the social networ-
king aspect of YouTube and social features (Cheng
et al., 2008; Chelaru et al., 2012). Studies of You-
Tube performance have mainly focused on YouTube
in general, rather than on specific domains, such as
health. However, there have recently been some stu-
dies evaluating YouTube health video content with re-
spect to their quality of information for patient educa-
tion and professional training (Gabarron et al., 2013;
Topps et al., 2013). Such studies, focusing on diffe-
rent areas of medicine, include the work of (Briones
et al., 2012; Singh et al., 2012; Steinberg et al., 2010;
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Butler et al., 2013; Schreiber et al., 2013; Murugiah
et al., 2011; Fat et al., 2011; Azer et al., 2013). In
these studies, reviewers evaluate the quality or con-
tent of selected videos, and assess their usefulness as
information source within their respective area.

This paper reports on a study where we tracked
diabetes health videos on YouTube over a period of
1.5 month, to gain knowledge on how videos from
professional channels are ranked on YouTube. The
study was intended to answer the following questions:
“Where are videos from hospitals and health organi-
sations ranked on YouTube?” “Are these videos ran-
ked in positions that make them reachable to users?”
To the best of our knowledge, there has previously not
been conducted a study where the availability of You-
Tube health videos has been tracked over time, as was
done in our work.

The structure of the paper is the following. The
next section presents the methodology used in our
study. Section 3 presents the results of the work,
while findings are discussed in Section 4. Section 5
concludes.

2 METHOD

This study is based on health videos obtained from
YouTube through textual search queries on diabetes-
related issues. We set up a test environment, where 19
diabetes-related queries were issued to YouTube each
day over a period of 1.5 months, from March until
April 2013. During this period, we daily collected
the top 500 YouTube results for each query. Videos
from white-listed (presumably credible) sources were
identified and tracked during each day of the study,
and their ranking position registered.

We implemented a system that for each day au-
tomatically issued the 19 queries and extracted infor-
mation about the top 500 YouTube results. In addition
to ranking position, we collected information such as
video name and identifier, channel identifier, number
of likes, dislikes and comments to the video. All 19
queries included the term “diabetes” and were focu-
sed towards different aspects concerning the disease.
We used queries such as “diabetes al”, “diabetes glu-
cose”, “diabetes hyperglycemia” and “diabetes lada”,
and issued them as regular search queries on the You-
Tube home page using an anonymous profile (to avoid
any bias) and with language option set to English.
Video ranking was obtained by parsing the html of
the result page, while video and channel information
were collected through YouTube API version 2.0. All
search queries can be seen in Table 1.

Through our study of YouTube health videos, we
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Table 1: List of You Tube search queries.

diabetes type 1 |diabetes hyperglycemia | diabetes insulin
diabetes type 2 | diabetes hypoglycemia |diabetes injection
diabetes alc  |diabetes complications |diabetes glucose
diabetes food |diabetes retinopathy diabetes mellitus
diabetes diet |diabetes ketoacidosis | diabetes education
diabetes obese |diabetes insulin pump
diabetes lada | diabetes monitoring

identified a number of (assumed) credible health vi-
deo sources, such as hospitals and health organisa-
tions. We organised these channels into a hospital
white-list and a health organisations white-list, con-
taining channel identifiers for hospitals and health or-
ganisations respectively. In the light of user-interests
in peer-to-peer healthcare (Ziebland and Herxheimer,
2008; Fox, 2011a), we also generated a third white-
list of channels, which includes users that are active
and predominantly publishing diabetes videos. Our
white-lists contained a total of 699 channels, where
651 were hospitals, 30 were organisations and 18
were active users. We used the Health Care Social
Media List started by Ed Bennett (Bennett, 2011) as
an initial white-list, and expanded with more channels
that we identified during our studies (Karlsen et al.,
2013; Morell et al., 2012).

3 RESULTS

Using the 19 search terms shown in Table 1, we trac-
ked the rank position of a total of 2584 YouTube he-
alth videos from white-listed channels during the test
period. The videos were uploaded from 73 hospital
channels, 30 organisation channels and 18 user chan-
nels. Among these, 2372 videos were uploaded to
YouTube before the study began, whereas 212 videos
were uploaded while the study was performed.

For each day of the study, our system detected a
number of new videos from white-listed channels (for
which tracking started and continued to the end of the
study). The number of new videos was large in the
first days of the study, and after some days stabilised
at around 10 new videos each day.

3.1 Ranking of Videos from
White-listed Channels

A goal of this study is to identify the number of vi-
deos from hospitals, health organisations and active
users that are in practice available to users. When a
YouTube search returns over 600.000 ranked videos
(which is the case for the “diabetes type 17 search), it
is obvious that the lowest ranked videos are not very

available. A question is: “How far down in the ran-
ked list of videos is a user willing to browse in order
to find a relevant video?” The answer may to some
extent be a matter of how patient the user is, but tes-
ting several hundred videos are beyond what can be
expected from an average user.

To characterise videos w.r.t availability, we have
grouped the tracked videos using ranking position
intervals that were chosen based on our perception
of how available videos in the different groups are.
We consider videos ranked in position 1-40 as highly
available, position 41-100 as available, position 101-
200 as not very available and position 201-500 as al-
most unavailable. In this work, we assume that videos
ranked lower than position 500, are in practice una-
vailable, and we have therefore tracked only videos
appearing in the top-500 ranking.

To learn where videos from hospitals, health or-
ganisations and active users were ranked, we exami-
ned, for each day, the rank positions for all videos
from our white lists, and determined the number of
videos that were ranked in position intervals (1-40),
(41-100), (101-200), and (201-500). Based on this
study, we found that only a small number of videos
from white-listed channels were in practice available
to the user. When examining the top-40 ranked vi-
deos, we found that on average, only 3.2% were from
hospitals, 10.4% from health organisations and 3.6%
from active users. This means that we on average
will retrieve approximately 7 videos from white-listed
channels among the top-40 ranked videos. In the next
position interval (41-100), the average number of vi-
deos from white-listed channels will be approxima-
tely 6. The results for all rank intervals are seen in
Figure 1. The numbers for the top-500 videos (not gi-
ven in Figure 1) were 2.3% from hospitals, 6.4% from
health organisations and 1.8% from active users.

Figure 1: Average number (in percentage) of videos from
white-listed channels within different rank intervals.

As our white-lists obviously do not contain every
hospital or health organisation available, we took, for
all 19 queries, the top-100 YouTube hits from one
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Table 2: Classification of the tracked videos from white-listed channels, grouped according to their most frequent ranking
position during the test period. The number of videos in each rank-position group are given (percentage between parentheses).

Group A Group B Group C Group D Group E Total no. of
videos videos videos videos videos videos
(pos. 1-40) | (pos. 41-100) | (pos. 101-200) | (pos. 201-500) | (pos. > 500)
Hospitals 26 (1.0%) | 27 (1.1%) 52 (2.0%) 99 (3.8%) 334 (12.9%) | 538 (20.8%)
Organizations | 80 (3.1%) | 89 (3.4%) 127 (4.9%) 279(10.8%) | 1017 (39.4%)[1592(61.6%)
Active users | 30 (1.2%) | 33 (1.3%) 33 (1.3%) 55 (2.1%) 303 (11.7%) | 454 (17.6%)
Total 136(5.3%) | 149(5.8%) 212(8.2%) 433(16.7%) | 1654(64.0%) 2584

day’s search and manually checked the channel of
each video. We found 15 new videos from hospitals
not included in the white-list. This addition repre-
sents a modest 0.8% (of the 1900 videos), and does
not significantly improve the amount of hospital vi-
deos given a high ranking.

3.2 Changes in Ranking Position

To investigate variations in video ranking, we first
classified the tracked videos into five rank-position
groups (Group A-E) according to their most frequent
rank position during the test period. Occasional chan-
ges in ranking position were registered by counting
the number of videos from each group that one or
more days had a ranking position associated with a
different group. We also calculated mean position and
standard deviation for videos that were ranked within
a top-500 position the whole period.

Among the 2584 videos from white-listed chan-
nels, we found 136 videos (5.3%) (26 hospital, 80 or-
ganisation and 30 user videos) that most frequently
appeared in the top-40 results, while 1654 videos
(64%) only occasionally appeared among the top-500
results. These were classified as Group A and Group
E videos, respectively. Table 2 shows the number of
videos within each of the five rank-position groups.

Occasional change in ranking is presented in Ta-
ble 3, showing the proportion of videos classified as
Group A-E that occasionally (i.e. one or more days)
appeared in a different rank-position interval. For ex-
ample, 38.2% of Group A videos appeared occasio-
nally in position 41-100, while 14% occasionally ap-
peared in position 101-200. We found that only a
small proportion of videos from Group C, D and E
were occasionally given a high-ranked position within
1-40 (11.8%, 2.5% and 4.4% respectively).

These results indicate that most of the videos ap-
pearing in low rank positions, are stuck in low posi-
tions, and will consequently remain (almost) out of
reach to the user.

Mean position and standard deviation (SD) were
calculated for the 175 videos that were ranked within
top-500 the whole test period. Table 4 shows mean
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Table 3: Proportion of Group A-E videos (classified accor-
ding to their most frequent ranking position) that occasio-
nally changed ranking position to a different position inter-
val.

Group | Group | Group | Group | Group
A B C D E
Occ. pos
1-40 - 35.6% | 11.8% | 2.5% | 4.4%
Occ. pos
41-100 | 38.2% - 48.6% | 11.3% | 9.6%
Occ. pos
101-200 | 14.0% | 54.4% - 39.7% | 19.6%
Occ. pos
201-500 | 6.6% | 26.8% | 59.0% - 81.4%
Occ. pos
> 500 27.9% | 63.1% | 76.9% | 82.7% -

position and standard deviation for videos, grouped
according to their most frequent rank position (i.e.
rank-position group).

Table 4: Mean position and standard deviation for videos
in different rank-position groups. Including the 175 videos
that were ranked within top-500 the whole test period.

No. of | Mean | Standard

videos | position | deviation
Group A | 71 15.5 7.0
GroupB | 43 71.0 20.9
Group C | 37 145.9 38.2
GroupD | 24 272.3 48.0

We found that the highest ranked videos (Group
A) had the lowest standard deviation, i.e. 7.0. These
videos seemed to be established in a top-ranked posi-
tion, and had in general less variation in rank-position
than videos from other groups. In fact, stability in
rank position seemed to be the case for all groups,
even though the standard deviation for Group B, C
and D is higher.

SD-values indicate that changes in rank position
in general do not make Group D videos more acces-
sible to users, while Group C and B videos may oc-
casionally be given a more accessible ranking. As an
example, take Group B videos having a mean position
of 71 and an SD value of 20.9. This means that most
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videos (about 68%, assuming a normal distribution)
were ranked within position 50-92. Approximately
15% of the videos occasionally had a position within
top-40, while approximately 15% were occasionally
not included in the top-100. For Group C videos, less
than 0.5% of the videos would occasionally have a
position within the top-40, while approximately 10%
would occasionally have a position within top-100.

The rank stability observed through these num-
bers, indicates that highly ranked videos remain avai-
lable to users, while low ranked videos will almost
always remain out of reach for the user.

3.3 Relevance of Videos

One could suspect that videos given a low-ranked po-
sition were not relevant to the query. To investigate
this, we selected two queries (“diabetes hyperglyce-
mia” and “diabetes retinopathy”’) and determined re-
levance of each tracked video by manually comparing
keywords in the query to video title and description,
and by watching the video to compare video content
to query.

Over the test period, the system tracked 130 vi-
deos for the “diabetes hyperglycemia” query and 64
videos for the “diabetes retinopathy” query. Table
5 shows the number of videos that were i) relevant
to the query, ii) relevant to diabetes in general and
iii) not relevant to diabetes. For example, for Group
E videos of the “diabetes hyperglycemia” query, we
found that 50% were relevant to the query, an addi-
tional 47% were relevant to diabetes, while only 3%
were not relevant to diabetes. For the “diabetes retino-
pathy” query, 55% of Group E videos were relevant to
the query, an additional 18% were relevant to diabe-
tes, while 27% were not relevant. For Group A and B
videos (of both queries), every video was relevant to
the query. In conclusion, we found that a large num-
ber of low-ranked videos were relevant to the query,
implying that lack of relevance could not be the rea-
son for their low ranking.

3.4 Video Properties

To detect possible correlations between video proper-
ties and ranking position, we compared video title and
query terms, investigated social interaction by coun-
ting for each video the number of likes, dislikes, com-
ments and views, and subsequently compared against
the video’s ranking position.

Having a match between query terms and video
title is obviously an important criterion for conside-
ring the video relevant to the query. We found for
Group A videos that 88% (120 of 136 videos) had a

Table 5: The number of videos relevant to i) the search
query and ii) diabetes in general, for the two queries “di-
abetes hyperglycemia” and “diabetes retinopathy”.

Rank relevant Diabetes Diabetes
position to hyperglicemia | retinopathy
Group A | query 100% 100%

videos [ diabetes |~ -~~~ T - 7]
Group B | query 100% 100%

videos [ diabetes [ ~ -~ [ " - |
Group C | query 45% 100%

videos [ diabetes | ~ "55% | - |
query 41% 72%
Group D | diabetes | ~ ~55% ~ | 1 11% ~ ]
videos [notrelev| = 4% ~ | 17% |
query 50% 55%
Group E [ diabetes | ~ " 47%  ~ | 1 18% ]
videos [notrelev [ ~ " 3% | 27% ]

perfect match between video title and query (meaning
that all terms in the query were found in the video
title). The proportion of videos with a perfect query-
title match was lower in the other groups, but there
were still a large number of lower ranked videos that
had a perfect query-title match. This shows that such
a match is not sufficient for a high-ranked position.

The average number of likes/dislikes and com-
ments for Group A-E videos are displayed in Figure 2.
The general trend was that the highest ranked videos
had the highest number of social interactions. This
coincides well with previous studies, which found
that very few videos get the users’ attention. This
can be explained through the Yule process (or rich-
get-richer principle), as the videos that appear in the
first page are more likely to be viewed and interacted
(Chelaru et al., 2012; Cha et al., 2009).

Figure 2: Average number of likes/dislikes and comments
on videos.

However, when studying individual videos, we
observed huge differences in the number of user in-
teractions. We found for example that a number of vi-
deos without likes/dislikes and comments were highly
ranked despite the lack of user activity. Table 6 shows
the percentage of videos, within each rank-position
group, that had zero likes, dislikes and comments. We
see for example that 20% of Group A videos had no
such social interaction.
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Table 6: Number of videos without user interaction through
likes/dislikes and comments.

Videos tracked All videos
all period (175 videos) | (2584 videos)
Group A 21% 20%
Group B 35% 29%
Group C 43% 33%
Group D 33% 39%
Group E - 28%

When examining the number of views for indi-
vidual videos, we found a close correlation between
views and ranking (see Figure 3). This seems obvious
since users can easily find and access highly ranked
videos, which then get a higher number of views com-
pared to low ranked videos. However, there were also
a few exceptions. For instance, one Group A video
had only 18 views, zero likes, dislikes and comments.

Figure 3: Average number of times a video has been vie-
wed.

3.5 Videos From Non-white-listed
Channels

To get an impression of the type of videos not tracked
in our study, we also examined properties of videos
published by non-white-listed channels. Because of
the large number of videos, we restricted this investi-
gation to the top-50 results of two queries: “diabetes
type 1”7 and “diabetes injection”. For all top-50 vi-
deos we manually examined relevance to query and
channel type.

Relevance and channel type for the examined vi-
deos are shown in Table 7 and Table 8, respectively.
Videos from both white-listed (WL) and non-white-
listed channels are included in the tables. Among
the non-white-listed videos, most came from private
users (47 videos), while only 3 videos were from he-
alth organisations/centres. We further observed that
white-listed channels had