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Abstract

Bio-sensing wearables are currently advancing to provide
users with a lot of information about their physiological and
affective states. However, relatively little is known about
users’ interest in acquiring, sharing and receiving this in-
formation and through which channels and modalities. To
close this gap, we report on the results of an online survey
(N=109) exploring principle aspects of the design space of
wearables such as data types, contexts, feedback modal-
ities and sharing behaviors. Results show that users are
interested in obtaining physiological, emotional and cogni-
tive data through modalities beyond traditional touchscreen
output. Valence of the information, whether positive or neg-
ative affects the sharing behaviors.
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Introduction

In recent years, myriads of smartphone applications and
wearable devices (e.g., wristbands), have made physical
activity tracking, such as step counting and sleep monitor-
ing, a ubiquitous activity. Sensors are becoming smaller
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Physiological

Heart Rate (HR)

Blood Pressure (BP)

Body Temperature (BT)
Breathing Rate (BR)
Electrodermal Activity (EDA)
Brain Signals(EEG)

Emotional

Happiness
Anger
Sadness
Boredom
Excitement
Fear
Surprise

Cognitive

Stress
ConcentrationAttention
RelaxationMeditation

Table 2: List of 16 types of
information included in the survey.

Device

Data Provided

Apple Watch, Samsung Gear, Garmin,

Activity tracking, HR

_ o FitBit, Jawbone, LG Watch
2 < Embrace, Affectiva Q Sensor Stress, EDA
= < Zensorium Being Stress, calm, excitement, HR
d &BP
Neurosky Mindwave & Mindset EEG, attention & meditation
B Emotiv EPOC/Insight EEG, attention, relaxation,
BE boredom & engagement
% 3  Melon EEG, concentration, calm
= Melomind EEG, stress, relaxation
@ OM Signal Shirt HR, BR
z 2 gpire Calm & focus, BR
'g ; BioHarness HR, BR
&£ TempTrag BT

Table 1: Overview of commercial wearables in the market offering
physiological or affective information.

and more powerful, making additional information, such

as physiological data (e.g., heart/breathing rates) as well
as user’s emotions and mental state available. Table 1
provides an overview of commercial biosensing and af-
fective wearables. As a result, the application areas of af-
fective [13] or biosensing wearables expand from medical
monitoring to personal information applications (cf., Quanti-
fied Self ' movement).

Research has taken up on this development and focused
on exploiting wearables to extract accurate information from
the body’s raw signals to provide value for users [1, 6, 8].
The interconnection between wearable trackers and smart-
phones allows collected data to be shared with third party
applications and groups of people, e.g., through social me-
dia. Researchers focused on exploring the effects of shar-
ing such private information with different groups of peo-

ple [3, 7, 9, 14, 16]. Additionally, researchers explored user
preferences for using wearables in different contexts [2, 11].
While the design space of biometric and affective wearables

Thttp:/quantifiedself.com/

includes many dimensions, we chose to focus in this part
of our research on identifying potential user needs with re-
gard to aspects of utility, connectivity, and feedback of the
new biometric and affective wearables. We aim to under-
stand user interest in acquiring and sharing biometric and
emotional information, as well as exploring new channels
and modalities for presenting this information. We report
the quantitative and qualitative results of an online survey
and discuss insights arising from our results that can help
wearable designers form an understanding of their users.

Survey
We constructed an online survey, consisting of three main
sections, to discover user needs:

 Acquiring data about oneself

* Sharing data with others
* Receiving data from others

The survey started with demographic information: age,
country of origin, level of education and current profession.
We asked participants to indicate the number of minutes
they spend on average on social media per day and if they
own wearable tracking devices or activity tracking apps.

Acquiring Data about Oneself

After a thorough investigation of related literature and cur-
rent affective and biometric wearables in the consumer mar-
ket, we augmented a list of 16 information types divided into
three main categories: raw physiological, emotional, and
cognitive data (see Table 2). Participants were asked to rate
their interest in acquiring each type of information on a 5-
point Likert scale (1=strongly disagree, 5=strongly agree).
We gave participants use cases describing a wearable
wristband that shows their heart rate or a ring that changes
color to indicate their current mood.
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Channels

Smartphone
Wearable Gadget
Website

Social Media
Ambient Display

Modalities

Visual

Auditory

Haptic (Vibro-tactile)
Olefactory (Smell)

Table 3: List of the identified
channels and modalities for
acquiring, sharing and receiving
information.

We presented participants with several channels and modal-
ities for getting information based on existing channels and
modalities researched or used in market-available wear-
ables and asked participants to choose their preferred ones
(depicted in Table 3). Finally, we asked participants to pro-
vide past situations in which knowing biometric or affective
information about themselves could have been helpful.

Sharing Data with Others

Based on prior literature [4, 9], we presented participants
six categories of people with whom they can share informa-
tion: no one, partner, family, close friends, colleagues, and
public, and asked them to select, for each type of informa-
tion, one or more categories with whom they would like to
share the information. Then we asked the participants to
choose the preferred sharing channel(s) per type of infor-
mation (physiological, emotional, cognitive) (Table 3).

Additionally, we asked three open ended questions: (1) if
they already share their emotions or state, through which
channel and for what reason. (2) They should express their
feelings upon sharing information and (3) mention situations
in which they deliberately decided not to share.

Receiving Data from Others

In the next part, we asked participants to select categories
of people whom they would like to receive information from.
We then asked about the channel(s) and modality(s) pre-
ferred for receiving this information. Finally, in an open
ended question we asked for a specific example of how
they reacted upon receiving information from others.

Recruitment

We distributed the survey, which took approximately 20 min-
utes, through university mailing lists and university social
media groups. Participants who completed the survey took
part in a lottery for three 20 Euros Amazon gift vouchers.

Results

In total 210 people attempted the survey while 109 com-
pleted it fully (52 female, aged 19 to 38, M =25.19, SD=3.99).
Quantitative results are based on the fully completed survey
while qualitative insights are drawn from all participants.
Participants included university students (17), with bachelor
(42), or graduate (22) degrees. Professions included archi-
tects, pharmacists, engineers, doctors, marketeers, sociol-
ogists, and bankers. They came from 19 different countries
from 5 continents. All survey answers were in English. All
participants owned smartphones and spend at least one
hour using social media per day. Ten own wearable activity
trackers and 38 participants use activity tracking apps.

Interest in Information Types

Participants ranked their interest in obtaining 16 types of
information from a wearable gadget. In physiological data,
heart rate, blood pressure, body temperature, and breath-
ing rate are most interesting for the users with a median of
“Agree" (M ed=3.5). Scores of emotional information, ex-
cept for happiness and anger, are lower (M ed=3). Finally,
interest in learning about their cognitive state is highest
(Med=4). Comparing the three categories of data, we con-
ducted a Wilcoxon-sign ranked test that shows that partic-
ipants interest in obtaining cognitive information is signifi-
cantly higher than physiological (Z=—2.078, p<.05) as well
as emotional information (Z=—5.281, p<.05).

Feedback Channels and Modalities

Smartphones, being ubiquitous and private, were the partic-
ipants’ top preference to receive all types of data (73%),
compared to 43% for receiving information through the
wearable gadget itself, 25% through an ambient display,
12% through a website and only 3% through social media.

Users expect visual representations of information. There is
no clear influence of the type of information on the modality.
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Figure 1: Comparison of sharing and receiving different types of
information with different categories of people. In general
participants want to receive more than share information. Interest
in sharing with and receiving emotional and cognitive state from
the partner is highest.

The only difference we discovered was with regard to scent
as a new modality. Here, participants seemed more prone
to choose this modality for emotional data (10%).

Sharing and Receiving Information

We found similar preferences across categories of people
— users would mostly share with partners and family mem-
bers. Figure 1 depicts the users’ preferences with regard to
sharing and receiving different types of information. Cog-
nitive attention, relaxation, and stress sharing was popular
with different categories. Sharing stress, being a negative

state, with partners and close friends was more popular
than sharing it with family members.

In general, participants want to receive more information
than they want to share (Figure 1). We can see that partic-
ipants would mostly like to receive physiological data from
their partner and friends. Additionally they are interested to
know the emotional and mental state of family members.

Qualitative Findings

We gathered qualitative data through the open-ended ques-
tions previously introduced. Three researchers conducted a
full data walkthrough and coded the answers into different
themes (cf., Figure 2). The created themes were iterated on
until an agreement was reached for each question.

Context of Use for Biometric and Affective Wearables
From 119 different responses (also considering partially
filled responses), we identified 11 main contexts in which
participants mentioned they would need to acquire biomet-
ric, cognitive, or emotional information about themselves.
While 21% of the answers concern Sports and 24% con-
cern Health, participants suggested a multitude of other
contexts.

Many participants mentioned that they would like to know
their physiological and cognitive state in stressful situations
(e.g., conflicts). In context of workplace, P216 stated that
he would use this information to defend himself in front of
his boss. Others stated they would want such information
during meetings or after a long day of study. Several par-
ticipants mentioned that knowing their high concentration
times would help schedule their work and breaks. Whereas
one participant stated that physiological sensors can help
in decision making “When making a decision, Maybe the
measured information of the body can help [me] making the
right decision." (P141) Others (9%) saw no value in know-
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Figure 2: Three of the themes
extracted from the data
walkthrough process of the
answers to: According to the
situation you earlier described in
which you shared emotional and
cognitive information with others,
how did that make you feel
afterwards?

ing this information and stated that one should be more self
aware.

Sharing Experiences and Effects

Participants had diverse experiences in sharing physiologi-
cal and emotional data. The valence of the data, whether it
is a positive or negative emotion or state, strongly affected
the sharing behaviors. Many participants stated that they
would share their physiological information (such as blood
pressure) with family members in case they are in trouble.
However they would not share negative emotions, so as
not to worry them. The motivations for sharing are various.
Sharing to seek comfort during a hardship or sickness, to
increase motivation at work or while studying, and sharing
concentration not to be interrupted, were among the rea-
sons stated by participants.

Participants share information through private texting (e.g.,
whatsapp), face-to-face conversations, calls, and social me-
dia. Results show that sharing publicly is often associated
with positive achievements or feelings: “Sharing my happi-
ness on social media after the defense of my Master thesis
" (P30). “When | am happy because | have gotten some-
thing that | wished" (P119). Sharing negative states is done
through private forms of communication. Many participants
reported that they share negative feelings for venting out
rather than for expecting particular feedback.

After sharing emotional, physiological or cognitive infor-
mation, participants stated they felt calm, relieved, moti-
vated, enthusiastic, more confident, and generally better.
Six participants stated they feel more connected to peo-
ple receiving shared information and their relationship is
strengthened. However, sharing may have adverse effects
on sharers in case of not receiving adequate feedback [5]:
P12:“Depends on the information or feedback, sometimes
feeling better, sometimes no change at all.” Some partic-

ipants stated feeling exposed or vulnerable when sharing
through particular channels (e.g., Facebook) or when not
receiving the expected feedback (P15, P58).

Reasons not to Share

We followed the same data walkthrough process explained
earlier to code the answers of participants into five themes
that were each mentioned by at least two participants.

Privacy and Lack of Trust: 29 participants mentioned pri-
vacy concerns as main reasons for not sharing. For exam-
ple, P201 stated that: “Sharing my feelings with the public is
nonsense, it allows people to intrude in your life."

Lack of Reason: 15 participants stated there is no rea-
son to share information with others as “situations won’t
change”(P126); they did not see real value in sharing their
emotions with others.

Consideration for Others: Ten participants mentioned that
they would not share negative information with others so as
not to worry them. ”/ don't often speak about being sad, an-
gry, stressed with some family or friends. This is because |
know they will be affected.” (P27). “When | know that the
information would have a negative impact on my family

or spouse as they would worry about me, | don’t share."
(P140). Others stated they would not share positive infor-
mation in case the receiver was in a contrasting situation.

Fear of Rejection and Judgment: Several participants
stated they do not share their emotions in fear of embar-
rassment or judgment. “Sharing negative emotions is tricky
because it can create rejection or judging.” (P49). Many an-
swered that they will not share to preserve their personal
image and for fear of negative self representation. For ex-
ample, P216 would not share any information whenever it



would make her look incompetent. P7 would not share feel-
ings he is ashamed of especially if deemed pitiful.

Self Discipline: Two participants stated not to share emo-
tions/mental states with others as a form of self discipline. “/
teach myself not to share everything about oneself" (P172).

Discussion

New Visualization Channels and Modalities

Although current wearables provide visual feedback through
smartphone apps and LEDs, results show that potential
users are also interested in novel or subtle feedback. 30%
of participants are interested in acquiring physiological in-
formation about themselves via tactile feedback. Feedback
channels should request attention instead of demanding it.
Hence the concept of feedback in-the-world and beyond the
touchscreen via ambient displays, haptic or olfactory feed-
back could be possible methods to achieve that. Our results
emphasize exploring further feedback channels and modal-
ities. Recent methods, such as electrical muscle stimulation
(EMS) [12] or air-based feedback [15, 10] expand the range
of messages that can be delivered.

Context vs. People Categories in Sharing

Current wearables provide users the option to share data
with predefined or user-defined categories of people. How-
ever, one of the insights we gained from the qualitative re-
sults is that context of sharing and the valence of data to
be shared play a crucial role in sharing behaviors. Data
with negative valence, whether emotional or physiological,
is less likely to be shared with closer people. On the other
hand, data with negative valence sometimes is indeed a
cause of sharing for some people since it induces relief and
support from others.

Designers have to account for the type of information and
the context of sharing. System-sided recommendations can

be used to instruct the user about cases when the shared-
with person is in an opposing mental or emotional state
(e.g., based on biosignal data). Recommendations can also
suggest whom to share with based on personal data via
learning from behavior. This can help encourage mutual
sharing and foster better relationships.

Encouraging Mutual Sharing

Figure 1 shows that users are more interested in receiv-
ing information than they are willing to share themselves.
This is the case for all types of information. This suggests
that designers should consider ways of encouraging mutual
sharing of information. One way is to enforce a reciproca-
tion system; for example, a user can learn about the part-
ner’s physiological state only if the user decided to share
own information.

Conclusion and Future Work

In this research we presented the results of an online sur-
vey (n=109) on bio-sensing and affective wearables. We
discerned the users’ needs and expectations in terms of
the utility of the wearable, the provided feedback channels
and modalities and the possible connectivity and sharing
features. We analyzed and discussed results of the survey
from these dimensions and provided several useful insights
for the HCI community.

We believe our work can help designers understand poten-
tial users and create valuable applications for biometric and
affective wearables. In the future we will build upon our find-
ings to delve deeper into each design aspect and conduct
focus groups and design workshops to put the findings of
the survey into the practical world.
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