FEEL: Frequent EDA and Event
Logging – A Mobile Social Interaction
Stress Monitoring System
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This work proposes a system for the automatic
annotation and monitoring of cell phone activity and
stress responses of users. While mobile phone
applications (e.g., e-mail, voice, calendar) are used to
non-intrusively extract the context of social
interactions, a non-intrusive and comfortable biosensor
is used to measure the electrodermal activity (EDA).
Then, custom stress recognition software analyses the
streams of data in real-time and associates stress
levels to each event. Both contextual data and stress
levels are aggregated in a searchable journal where the
user can reflect on his/her physiological responses.
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Introduction

Related Work

Have you ever heard an old song that reminded you of
a past experience? Or smelled an odor that caused you
to relive a past moment? Our daily lives are full of
events and moments that impact our affect, which
assists us in modulating our way of living. For instance,
our brain uses our responses to "affectively" weigh our
memories so we can quickly retrieve them when there
are new events or when we need to make decisions.
Along with our responses, our brain also manages the
resources of our body so we can appropriately face
certain situations (e.g., increase heart rate in stressful
situations).

Systems that continuously monitor the affective state
of people are usually divided into two components: one
to extract the context, and another to obtain the
affective state of users.

There have been significant efforts to automatically
monitor our affective responses for a large variety of
applications. If we had information on our responses to
each specific event, we could, for instance, better
understand the impact that specific people or events
may have on us, and change our behavior accordingly
to achieve a desired affective state (e.g., avoiding
stressful situations). Such applications could be
especially helpful for people with memory or
communication disabilities such as those suffering from
Alzheimer's disease or autism spectrum disorder.
In this work, we propose FEEL- Frequent EDA and
Event Logging – a mobile phone application that
monitors the activity and physiological data of the user
to create a journal of affectively labeled events. In
particular, we focus on events that involve social
interactions (e.g., e-mails, phone-calls) and infer the
disruptive affective response of stress. In a future
version, the system may also include facial expression
and sentiment analyses in order to characterize other
types of responses.

In the field of life-logging or reality data-mining, mobile
phones have been the preferred devices to obtain user
context, mainly because they are pervasive and
personal [11]. In one study, Lawrence [6] showed how
the cell phone and its sensors can be used to nonintrusively obtain many types of contextual data such
as the location, body postures or activities. In a
different work, Froehlich et al. [2] demonstrated how
the cell phone activity can be also used to appropriately
trigger questions (i.e. experience sampling) to gather
certain information such as their affective responses.
Although this method is less-invasive than triggering
the question at random times, the users will still need
to devote some cognitive effort and mentally map their
affect to an entry.
A less intrusive method to obtain the affective
responses lies on using affective wearable devices [8].
Using similar devices, Liu [7] monitored stress levels of
cell phone users to detect the best moment to interrupt
and provide them new information without increasing
their stress levels. In a different study, Kang et al. [5]
measured the levels of stress of cell phone users when
using several services in order to create a personalized
and more optimal one. Our system, in contrast, uses
the stressfulness of the responses to pair them with the
events in a journal, and provide them to the users for
their own usage and reflection. This idea is closely
related to the one presented by Ståhl et al [13], where
the authors automatically associated diary annotations

Figure 1. Affective QTM Sensor
is a wrist-worn commercial
sensor that monitors: 1) EDA,
2) skin temperature and 3)
3-axis accelerometer.

to the level of arousal and movement rather than the
disruptive state of negative stress.

(e.g., information about the positivity or negativity of
events) is required.

Physiological Stress

The Mobile Phone as a Proxy

Stress can be defined as a physiological reaction of the
body when a person is challenged (good or bad), and
the body tries to return to a state of homeostasis.
Although stress can be positive in certain situations
such as winning a competition or getting married,
people usually associate stress with its negative states.
In a stressful situation, the body experiences a series of
physiological events. While the sympathetic nervous
systems sharpens the senses (e.g., quickens the pulse,
deepens the respiration and tenses the muscles), the
parasympathetic nervous system works antagonistically
to control this process. The activation of these two
systems is usually balanced achieving homeostasis, but
their activation for extended periods of time may lead
to health related problems such as headaches, fatigue,
anxiety and depression.

Mobile technology is ubiquitous [11]. Over 70% of the
world populations now have a mobile phone that is
mainly used as a communication portal to the world.
While phone calls, e-mails and text messages provide
means for individuals to communicate with other
people, mobile web browsers and other applications
enable the consumption of content everywhere. In
addition to enabling individuals to communicate with
one another and access information anywhere, modern
mobile phones have a multitude of sensors.
Microphones, cameras, accelerometers, GPS, and
similar provide the means for applications to capture
the user's context. These communication and sensing
capabilities make the mobile phone an exceptional tool
to continuously collect and analyze the activity of users
as well as their physiological responses.

With the introduction of new biosensors, researchers
have begun to develop algorithms that can
automatically recognize and monitor stress in real-life
settings. Although a combination of physiological
signals typically improves recognition accuracy [3],
more recent studies [4] [13] have focused on the
measurement of only electrodermal activity. Among all
of the physiological signals, EDA is the best known
unobtrusive indicator of stress activation because the
skin is the only organ purely innervated by the SNS [1].
Moreover, EDA can be easily measured with
comfortable and inconspicuous biosensors [9]
(e.g., Figure 1). It is important to note, however, that
positive and negative stress cannot reliably be
disambiguated in EDA, and contextual data

The FEEL System
We have started building and testing a new system for
recording the social interactions of users and their
affective responses. We limit the social interaction to be
one of the following social communications: a phone
call, an SMS, an e-mail, or a face-to-face meeting. As
shown in Figure 2, the system comprises a mobile
phone, the FEEL service, an EDA biosensor and a
backend server. Following we describe the main
functionalities of this system: 1) how each event is
non-intrusively extracted, 2) how the data will be
analyzed to obtain the measure of stress, and 3) the
interface of the application.

Event Offset:
User ends reading E-mail or SMS
Phone call hangup
Current time greater than calendar
meeting duration

E-mail / SMS Text

Stress Recognition
Event Database

EDA recording
Event type
Onset Timestamp
Offset Timestamp

Start recording EDA
Visualization
Event Onset:
User start reading E-mail or SMS
Incoming/Outgoing Phone call
Calender reminder
User defined event
Figure 2. The FEEL system architecture

Context Extraction. The mobile phone is used to
determine if the user is engaged in a social interaction.
Remote interaction is determined by monitoring phone
calls, SMS messages and e-mails. Prescheduled faceto-face meetings are determined by monitoring the
phone calendar. Random face-to-face meetings are
manually triggered by the user via the application
interface.
The recording of EDA is triggered by the following
events: an incoming or outgoing phone call, an
incoming SMS, user starts reading e-mail, event in
phone calendar starts, or user provides a manual entry
to the system. The system stops recording EDA upon
termination of the above events: phone hang-up, user

exists e-mail screen, user exits SMS screen, event in
phone calendar ends, user manually ends an event, or
a preconfigured timeout has occurred.
Upon the termination of an event, the application sends
the EDA recording along with the event to the backend
server for analysis. In the case of e-mails, the details of
the event include the sender, the subject and the
e-mail text; in the case of phone calls, the caller phone
number and the call duration; in the case of a calendar
event, the event start, the end, and the description
from the calendar. All of the data is transmitted
through an encrypted wireless connection and its
storage is password-protected to maximize the privacy
and confidentiality of personal information.

Figure 3. The calendar
view. Each day is color
coded according to its
level of stress: green
(low), orange (medium)
and red (high).

Figure 4. The list view.

Stress Recognition. As soon as the onset and offset
of a specific event are obtained, the EDA data
corresponding to that segment as well as the
contextual data are combined and sent to the backend
server to obtain the level of stress. The EDA signals are
automatically pre-processed, normalized and analyzed
as described in our work on automated stress detection
[4] in order to obtain the intensity of stress. This
method yielded a recognition accuracy of 78.03% when
discriminating stressful vs non-stressful responses of
call center employees in real-life settings.

stress. The different levels are user-dependent, and are
computed based on the percentage of stressful events
(e.g., % negative stressful events < 20%). When the
user clicks a certain date, the screen shows a list view
of the corresponding events. The list view (see Figure
4) enables the users to view all recorded events in
chronological order. Each of the events is color-coded
(similar to the calendar view). Clicking on the event
displays the EDA response for the duration of the event
(see Figure 5). The user can also modify the stress
ratings inferred by the system.

For the system to perform correctly, it is very important
that the previous method is properly calibrated. To this
end, there is a learning phase where the user needs to
provide stress ratings immediately after each event. In
particular, the user has to answer the 7-Likert scale
question "How was this event, overall?", with the end
points labeled as "not stressful at all" and "extremely
stressful." Once the system has collected an adequate
number samples (stressful and non-stressful) for each
type of event, the question only appears when the
algorithm is not confident about the prediction and at
some random times to assure the good performance of
the algorithm.

Future Work

Interface. Once the data is analyzed and annotated on
the server, the information is aggregated in a journal
for the user to browse.

The current system was evaluated by a single user,
who used it for approximately 200 hours. The user
reported that the system significantly increased his
ability to recall past stressful social interactions. In
order to substantiate this finding, we plan to perform
additional user studies involving multiple subjects for
extended periods of time. During the study, the
application will ask the users to rate their experiences
in terms of valence and arousal (similar to [10]) after
some randomly selected events. Finding a strong
positive correlation between the system predictions and
the user input will enable us to validate the correctness
of the system. Furthermore, we want to qualitatively
analyze the experience of users with the system and
identify if the information helps them to modulate their
behavior and decrease unnecessary stress levels.

The journal has two main views: the calendar view and
the list view. The calendar view (see Figure 3) enables
the user to quickly view the color-coded stress level of
each day. Each color signifies a different level of stress.
Green represents very little stress, orange represents a
medium level of stress and red signifies a high level of

We believe that the FEEL platform may be extended
beyond identifying the stress levels to determining a
full range of emotional responses. In order to do so, we
would need to implement additional mechanisms for
determining valence – for example, sentiment analysis
of text and detection of smile intensity and dynamics.

When the user starts reading an e-mail the application
could photograph the face of the user using the frontal
camera and send it to the backend server for additional
analysis. In addition, sentiment analysis could be
performed on e-mail, text messages and transcribed
voice call files to determine their valence. While no one
of these measures is perfectly accurate, combining the
valence analysis of the contextual data with the
physiological responses is expected to improve
recognition accuracy.

Conclusions

Dear X,
We have just been notified
that the deadline for your
grant request was not
extended. Please submit
the request according to the
original schedule.
Thanks,
John Smith
Senior Administrator

Figure 5. Example of the
EDA response (top) of a
user when reading a
negative e-mail (bottom).

This work proposes the use of comfortable off-the-shelf
technology (commercially available phones and
sensors) with custom software that allows long-term
exploration of how real-world events impact the
emotional state of users in terms of stress. In the
context of cell phone social interactions, the proposed
system builds up a journal that users can use to
associate their personal emotional data with events
that are meaningful to them.
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