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Executive Summary
Introduction
From boardrooms to classrooms and from living rooms to cafés, people are misread and
misunderstood. Thoughts aren't finished, and ideas aren't shared. Miscommunication
happens. And this is often because we get foggy, frustrated, confused or just simply bored.
Our emotions get in the way.
We may believe that we can't understand these dynamic aspects of ourselves – that our
minds are a mystery and we can't avoid these unfortunate events. But, what if we can?
What if your webcam could tell you when you’re more likely to make a mistake? What if your
wristwatch could let you know that you might be missing something?
With this report, we share how new types of technology are leading us into a world of devices
that recognise our emotions and can let us know when we might be distracted, anxious or
tired. Having this insight into our emotions can give us great advantages in learning, as we
can more accurately judge our ability to focus and remember what we are learning.

Problem: Learning Soft Skills
Improving our communication, leadership and problem-solving skills can be a big challenge
in all sorts of organisations, and the demand for developing these transversal, transferrable
or soft skills is increasing every day. There is a massive shift across industries towards
coaching and soft skills learning practices, and emotion sensing technology can help with the
training and learning of these new skills. From conversations breaking down to not getting a
point across, if we don't understand our emotions or manage to communicate effectively with
our teams, we lose time, effort and respect.
Emotion technology can alert us to where and when we may need to focus on these types of
skills. It can help to provide awareness of our heightened emotional states and the benefits
of this awareness could help substantially in understanding, managing, monitoring and
developing the soft skills needed to succeed in today's ever-changing work environments.
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Awareness of our emotions can inform us of how we are relating to others, and show us how
our internal states impact our responses, reactions and judgements. The potential for this
type of technology is staggering, particularly in learning areas involving communication and
development, such as leadership development or one-to-one executive coaching. This report
aims to show the potential of this dynamic and fast-growing area of technology.

Approach: Designing Emotional Devices
It’s not just in the office that emotions impact relationships. It is on the commute, on the
couch, at the restaurant and in school. Emotions happen everywhere, and now certain types
of technology are paving the way for a future where we can become aware of heightened
emotions as they arise and step out of their way before they knock us over. There are a host
of technologies available today that are doing just that. We can use video cameras to detect
heart rates and respiration. There are phones in our pockets that can tell how balanced we
are and how irregular our physical movements are. Even the words we type and speak can
reveal our emotional state, and let us know how we feel, and when we feel that way. This
new world of wireless devices, the internet of things, advanced machine learning and artificial
intelligence is creating new ways to enhance emotional intelligence. This report provides a
glimpse into fascinating and wonderful new technologies and how they can be applied to
effectively shape and understand ourselves for the better.
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Wearable Emotion Technology Market
Overview
In this report, we will first look at the elements involved in making, and then using, emotion
sensing wearable technology. Firstly, the report will look at emotion sensing with current
technology, processing the data that is generated, and how to provide feedback on changes
in emotion. Following this, we will cover the different types of emotion systems that are
currently understood within the human mind and body, as well as go into the detail of how
certain systems for understanding emotions are better than others. Afterwards, the report will
look at the experience design considerations involved in creating this type of emotion
technology, how it can be easily adopted and then explain a few potential applications for this
technology. Finally, we will conclude with our expert opinion on the challenges in developing
emotion technology, the impact it may make on the market, as well as a few final thoughts
and references to more information. Let’s begin with a few base definitions to help
understand the technology itself.

Wearable Emotion Technology
Wearables have been a big part of consumer technology for many decades1, and have
existed in the fitness and health spaces 2. A wearable technology is classically defined as
anything that you place on your body or clothing, so it could include eyeglasses, walkmans,
pagers, wristwatches, VR headsets, headphones, pacemakers, motion sensors and a variety
of other technologies. Recently, the world has seen demand surge and devices proliferate as
sensors, transmitters and displays become smaller and more powerful. A wearable could be
as simple as a card in your wallet, which tells you how far you have jogged3 , or as powerful
as a smartphone placed in an armband, which plans your journey, monitors your heart rate,
records your steps and supplies endless audio for your daily jog. As more and more custom

1 citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.584.3959
2 https://www.futurehealthindex.com/2016/09/29/infographic-history-wearables/
3 https://www.grousemountain.com/grind-timer/buy-a-grind-timer
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devices emerge on the market, they are being used for countless new purposes and promise
to surprise us with new features every year.
The original nature of this research was to look at the commercial and technological potential
for emotion sensing wearables. However, it became increasingly clear that the border
between 'wearable' and 'device' was extremely subjective and based on context, particularly
in emotion technology. Although we don't traditionally consider a smartphone to be a
wearable device, a mobile phone in the pocket can be used to detect emotional signals in the
voice4, and can use built-in sensors to detect emotion in movement patterns5, from
acceleration balance and positioning data. In a similar way, laptops are possibly the most
often used technology to observe emotional responses, via facial expression6, and can also
be used for observing emotional activities7 through typing, speaking and eye movement. In
contemporary cognitive psychology’s understanding of embodiment, these devices are easily
considered 'wearable', not only because we wear them in our bags and pockets, but also
because they form a regular connection to and from our minds to our bodies. Because of
this, the following extended list of wearables summarises the basic technologies investigated
in this report for the observation or recognition of our emotions in the wearable context.
Wearables Considered
Smartwatches

Smartphones

Clothing Sensors

Cameras

Laptops

Skin Sensors

Microphones

VR & AR Headsets

Brainwave Sensors

4 https://www.theverge.com/2017/2/1/14476372/mit-research-wearable-app-detect-emotion-speech
5 https://www.mn.uio.no/ifi/studier/masteroppgaver/robin/andreasferovigolsen-masteroppgave.pdf
6 https://www.affectiva.com/science-resource/
7 https://nordicapis.com/20-emotion-recognition-apis-that-will-leave-you-impressed-and-concerned/
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Popularity of Wearables
There are several major markets for wearables which are growing at a very fast pace. The
technology is becoming very common in several key areas, such as Fitness, Mindfulness,
Medical and Performance. As there is such significant growth in these markets, we will
explain each in detail.
Fitness
The largest market for consumer wearables (if you don't include headphones, normal
watches, smartphones, tablets or laptops) is by far the fitness market, and this is where the
majority of commercial products are branded as 'wearables'. While this market is popular and
developing quickly, some statistics suggest the market for people actively using fitness
wearables may have peaked at 8-10%8 of the population, with half of buyers9 continuing to
actively use their fitness device. The popularity of fitness wearables and exercise tracking
technology has not been matched by an increase in the amount of fitness10 activity that
people take part in.
Mindfulness
There is a secondary fitness wearable market emerging in the areas of wellness,
mindfulness, meditation and other more relaxation and balance-oriented types of fitness.
While the wearable element of this technology is only starting to surface due to new more
compact11 , flexible12 and soft sensors13 , the market for this type of technology has existed for
a long time in the app area. In fact, a recent study has found that mindfulness and relaxation
apps14 far outnumber the amount of fitness apps, and were some of the earliest types of

8 https://www.digitaltrends.com/health-fitness/why-fitness-trackers-are-losing-popularity/
9 https://www.wired.com/story/science-says-fitness-trackers-dont-work-wear-one-anyway/
10 https://jamanetwork.com/journals/jama/article-abstract/2089651
11 https://www.byteflies.com
12 https://www.myfeel.co
13 www.ijdesign.org/index.php/IJDesign/article/viewFile/3177/793
14 https://link.springer.com/article/10.1007/s12671-017-0698-x
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apps proliferating on the app stores, pointing to a large and sustainable market overall for
mindfulness wearables, provided that the sensors are designed in line with the expectations
of the users.
Medical
The medical field is perhaps the most developed area for wearable technologies – many
advancements in consumer devices originate in medical technology. The ECG software15 on
the Series 4 Apple Watch is now FDA-approved for consumers to monitor their own hearts,
and many sleep apps are recommended by doctors16, as ‘digital medicine’. Interestingly,
wearables and emotion technology are incorporating more and more of the originally medical
device technologies at a consumer-grade level, such as measuring acceleration, ambient
light, ambient noise, barometer, temperature, vibration, and so on. Some of the most basic
medical processes of measuring pulse and respiration are now possible to obtain via video
signal17, opening up a variety of possibilities for new applications and contexts. As well, there
have been many new technologies embedded in clothing18 commercially, and into pressure
mats19, to reveal a whole host of data including heart activity, blood activity, balance and
posture.
Performance
A massive growth has occurred in the last few years regarding emotion tracking for
performance and sustainable outputs within the workplace. While the ethics of tracking
employees’ emotional states may raise serious privacy concerns, there are companies
already using various technologies to improve the performance of employees. Here
Technologies in Helsinki recently gave every single employee a MoodMetric ring to trial the

15 https://arstechnica.com/gadgets/2018/12/an-ecg-on-your-wrist-apples-new-heart-monitoring-software/
16 https://www.ndcn.ox.ac.uk/news/digital-insomnia-medicine-rolled-out-as-major-study-links-sleep-to-better-health
17 https://ieeexplore.ieee.org/document/6619284
18 https://www.supa.ai
19 http://sensingtex.com
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effects of enhancing emotional wellbeing and managing stress20. In China, the government
has started using emotion tracking technology to monitor railroad employees, the army and
an energy company – who reports generating a profit of $315 Million21 after integrating
emotion sensors for its employees. The motivation in this type of emotional awareness and
monitoring is to adjust the workload according to emotional and cognitive states, allowing
time for breaks when needed and providing a more flexible workload.

20 www.moodmetric.com/moodmetric-measurement-here-technologies/
21 uk.businessinsider.com/china-emotional-surveillance-technology-2018-4
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Emotion Sensing Technology
Summary
There is a lot of technology that can 'sense our emotions' and relay information about those
emotions. The scope of the technology varies from software that will gather emotion from text
and voice linguistics, to sensors that understand our heart and breathing patterns.
The scope of emotion sensing technologies is varied and in some cases complex. As such it
is useful to have a high-level understanding of the variety of approaches that can be applied.
This will allow us to look more deeply into the specifics of any one technology in the future.
The User Experience Design section later in the report will cover some of the potential
applications, but the focus is on a variety of approaches for many contexts. It should also be
noted that the data gathered from these approaches is often processed based on activity
patterns and changes22, as it is most often changes in the data captured about an individual
over time that is used to inform about changes in our emotions.

Communications Data
The example we are going to look at is the data from communications, which naturally
happen every day in many different environments. The sentiment of emotions can be
detected from existing communications data, such as from the text in email23 or chat 24, voice
and sound from microphones or recorded calls, and also from various interactivity patterns in
using various devices.
1. Text Analysis
There is a large selection of emotion detection technology that can process the written word
and find emotional sentiment within it. In some fields this is referred to as Knowledge

22 https://affect.media.mit.edu/pdfs/15.Jaques-Taylor-et-al-PredictingHappiness.pdf
23 https://www.sciencedirect.com/science/article/pii/S0167923612001418
24 https://link.springer.com/article/10.1007%2Fs41060-018-0096-z
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Based25 emotion detection or Sentiment Analysis26, and it is often based on Natural
Language Processing (understanding human language) or other more advanced methods
such as Deep Linguistic Analysis (using linguistics methods). One of the more well-known
technologies is the Tone Analyser27 within IBM Watson, but there are several others such as
Receptiviti28 and BitText.29 Very often these sentiment analysis tools evolved from more
generic text analysis databases like WordNet30, ConceptNet 31 or Cyc 32, although there are
more emotion-specific public projects like EmotiNet33. In general, it should be relatively
simple to set up and start using these via a number of available APIs, and they are used
fairly often in conjunction with other technology.
The only downside of this technology is that it works primarily in plain English and does not
handle text processing for slang or other forms of personal, professional or local language.
And of course, it is often not available in many other languages. It is also important to keep in
mind that a lot of chat-based communication34 contains not only slang but also abbreviations,
concatenations, acronyms and other localised language that would probably be too temporal
or contextual for this type of processing. In spite of these limitations, this technology is very
evolved and established for analysing formal and plain English in most contexts, and can be
customised to find sentiment in other forms35.

25 https://www.semanticscholar.org/paper/Emotion-Recognition-from-Text-Using-Knowledge-based-Seol-Kim/

cb26738d6b2a70a64507a7170f4c2be91f9b22a7
26 https://www-sciencedirect-com.elib.tcd.ie/science/article/pii/S0167923612001352
27 https://www.ibm.com/watson/services/tone-analyzer/
28 https://www.receptiviti.com
29 https://www.bitext.com/text-analysis-api-2/
30 https://en.wikipedia.org/wiki/WordNet
31 http://conceptnet.io
32 https://en.wikipedia.org/wiki/Cyc
33 https://www.sciencedirect.com/science/article/pii/S0169023X13000785
34 https://link.springer.com/article/10.1007/s41060-018-0096-z
35 https://journals.sagepub.com/doi/full/10.1177/1461444817707349
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2. Voice Sentiment
In terms of emotion recognition technologies, those that analyse voice are perhaps some of
the more established and well understood. While the technology has evolved substantially36
over the years, the basic principles remain the same. The software 'listens' for heightened or
lowered valance37 (the level of arousal) within a voice and assigns a basic emotional state to
that type of difference in the voice. There are a number of technologies38 available in this
area, but some of the major initiatives and frameworks are below:
• Automatic Speech Recognition (ASR39 )
• Interactive Voice Response (IVR40 )
• Munich Open-Source Emotion and Affect Recognition Toolkit (openEAR41)
• Hidden Markov Toolkit (HTK42 )
3. Sound Recognition
Another more recent and interesting emerging technology is in the technological ability to
recognise noises and sounds. There are a number of fascinating possibilities in this area,
where software can recognise43 various objects and actions based on the sounds they make.
For example, there has been software developed to analyse the sound of a pen or pencil on
paper in order to determine the numbers or letters that are written down.
The implications for this are massive, particularly for the vision impaired, but also for
applications that might use this data to provide insight into our emotions. Direct emotion
detection is not the only use for sound detection – this approach can help people navigate
within a physically small space in virtual reality environments, inform us of slight changes in

36 https://dl.acm.org/citation.cfm?id=3129340
37 https://www.frontiersin.org/articles/10.3389/fpsyg.2013.00261/full
38 https://asmp-eurasipjournals.springeropen.com/articles/10.1186/1687-4722-2012-16
39 https://medium.com/descript/a-brief-history-of-asr-automatic-speech-recognition-b8f338d4c0e5
40 https://en.wikipedia.org/wiki/Interactive_voice_response
41 https://ieeexplore.ieee.org/document/5349350
42 https://pdfs.semanticscholar.org/f166/6d3e000cb632db908ef8bd4921e26301a361.pdf
43 http://webhost.engr.illinois.edu/~hjin8/publications/UbiComp16.pdf
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our regular daily activities, and even provide cues to the surrounding environment while we
are focused on listening to something else. All of these can then be used to further explain
emotional context or patterns of emotional changes.
4. Device Interaction
A newer approach to emotion detection has emerged from exploring the ways we interact
with our devices. There are now technologies that can infer changes in emotional state44 by
detecting changes in our patterns of typing, for example recognising how quickly or slowly we
type. Researchers are also studying how to detect emotion by tracking how we navigate our
devices, what elements we click or tap on, and what our patterns of interaction are over time.
This is a remarkable area which will likely see growth in coming years, as it makes emotion
tracking anonymous and eliminates the need for personal data.
We are likely to see many improvements in this area, particularly as technology incorporates
pressure sensitivity, and other more dynamic input modes. For example, the way that an
individual interacts with musical instruments is much more complex, and as a result they
present a much richer set of data to determine emotion. In addition, the area of haptic
technology (that which provides force feedback) could play a crucial role in providing more
accurate and more substantive data. Pressure sensitivity allows for many more degrees of
movement and meaning, as well as being able to integrate more data for emotion feedback.

44 https://affect.media.mit.edu/pdfs/16.Mark-CHI_Email.pdf
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Physical Movement Data
A number of recent advances in technology have allowed for several ways to track and
analyse many types of body movement, including our breathing, facial expression, eye
movement, VR movement and sleep tracking. Emotional changes can now be detected using
everything from infrared and video cameras, to pressure pads and 6-axis sensors, all of
which are available in consumer devices like the Kinect, Wii and Move and can be tailored to
recognise our patterns in body movement.
1. Motion Tracking
The advances in body tracking have really come a long way and so it is possible to detect
even slight imbalances and sways, as well as more agitated and relaxed movements. There
has also been substantial research45 undertaken in gestures, and the feelings we associate
with various movements. Some researchers46 now conclude that some of our emotions are
actually stored in particular muscle movements, and that our emotions are more tied to
patterns of movement than previously imagined.
In general, there is a lot of progress being made in analysing patterns of movement,
regularity and variation, as well as irregularity and changes. The entire field of kinetics is
changing in leaps and bounds, and any technology in this area is sure to improve
substantially with the improvements we have made to pattern recognition and working with
larger data sets.
2. Breath
When looking at patterns of breath, or respiration, there are many ways to obtain this type of
input data. Some researchers are looking at wearable sensors in fabric47 or on fabric48 , to
detect movement of the chest, some products now look at camera data49 to notice the same
45 http://www.oxfordhandbooks.com/view/10.1093/oxfordhb/9780199942237.001.0001/oxfordhb-9780199942237-e-039
46 https://books.google.ie/books?hl=en&lr=&id=eNsJy2sE7e8C&oi=fnd&pg=PA21
47 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5469655/
48 https://www.ibreve.com
49 https://www.forbes.com/sites/mnewlands/2017/08/24/this-stanford-tested-baby-monitor-uses-computer-vision-to-keep-baby-

safe/
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thing. Other approaches detect respiration changes by the shape of air entering and exiting
the mouth and nose50, or even by the general movements of the body while driving51,
including head, arms and shoulders. It goes without saying, there are a lot of technologies
that could be used to monitor breath, as a result it is probably the most popular choice for
emotion sensors, as it is one of the most obvious changes to observe and provides data in a
number of different ways. Here are a few of the most obvious measurable types of data
within breathing and the basic states of emotion that that they can provide:

Characteristics of the respiratory waveform:
• Inhalation / exhalation duration and slope
• Hold durations after inhale and exhale (very different implications)
• Inhalation / exhalation ratio
• Consistency
• Shape of the cycle itself
States of emotion as detected in breathing:
• Calm - generally 6-12 breaths per minute
• Tense - generally 18-24 breaths per minute
• Focus - greater stability and consistency in breathing patterns

The sciences that study breathing or respiration can get quite complex and detailed, so here
we will just cover the basics. There are many categories of breathing, and many irregularities
– breathing varies substantially from person to person and it also changes quite a bit
throughout the day. All of this makes breathing an obvious choice to measure heightened
emotion levels, but it also creates a lot of data variation (depending on how it is done). It
should be taken into account that many other factors affect breathing, like exercise, oxygen
levels, tiredness, and so on.

50 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4646547/
51 https://ieeexplore.ieee.org/document/6917541
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2. Face Tracking
Face tracking is arguably one of the most developed, if not the most developed, form of
emotion tracking. It is also not without its sceptics and critics – there are those who see it as
a privacy concern, a political tool or just simply not adequately developed, particularly when it
comes to emotions. With that in mind, let's look at the basics.
Face tracking, or face recognition, is done usually with video signal and has a computer
algorithm find familiar objects52 of the face that can be tracked over time in the video signal.
By comparing these tracked objects across many videos, systems can compare and contrast
a wide variety of faces and movements to databases of previous faces and movements. So,
provided you have access to a database of faces or face movements, it is relatively simple to
compare video signal capture data to that in the database. In terms of face recognition data,
the identities of individuals are usually private unless they give consent, but in terms of
emotion data there are several libraries to choose from, or software packages that will do the
work for you.
This has become a massive industry, with Affectiva53 the leader in the western market with
over 35 million in investment, and included in everything from designing video games to
testing advertising. Sensetime54 is now the largest valued startup in the world at 4.5 billion,
and has become the standard technology for the new government face tracking systems55 in
China. iMotions56 is another company attempting to meet the large market for researchbased emotion detection with an ever-increasing number of products and services. While
face tracking has become very big business, there are also some open libraries and smaller
companies57 offering options to work with this technology as well. The fascination with face

52 https://en.wikipedia.org/wiki/Viola–Jones_object_detection_framework
53 https://www.affectiva.com
54 https://www.sensetime.com/core
55 https://www.sensetime.com/intelligentVideo/84
56 https://imotions.com/facial-expressions/
57 https://nordicapis.com/20-emotion-recognition-apis-that-will-leave-you-impressed-and-concerned/
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technology is evident from the entertainment industry’s countless science fiction stories and
its incorporation in many interactive art works. Despite social concerns, face recognition is a
facet of human development that enthralls us and it will mature faster than most emotion
technology because of this.
3. Eye Movement
Another emerging area for emotion tracking is Gaze Tracking, or eye movement. This
technology is being developed rapidly these days due to advances in augmented reality and
virtual reality, with the more sophisticated eye-tracking equipment used in all sort of new
applications. Eye tracking has a long history in computing, where it has been used for
decades to test and measure users’ interaction with software. It is only recently that newer
technology is being incorporated into commercial products, such as the electrooculography58
sensors on the Jins Meme glasses59.
The tracking of gaze can reveal quite a bit about a person's emotional state, if not their
specific emotions. It can be used to alert the user to drowsiness, lack of focus, over intensity
and even help to improve concentration. The interesting thing about eye movement is that
the eyes are considered the most ‘active’ part of the body, so as the technology develops, we
will be able to get substantially more frequent data from our eye movements than other areas
of body movement. It is quite literally the first part of our body to respond to stimuli in many
cases and, of course, has been treasured by many people for centuries as one of the
foundations of communication and emotional understanding.
Currently, eye tracking devices and software cannot tell us as much about our emotions as
face tracking or body tracking, but it is perhaps more personal and the data may be more indepth, so it will likely supply some surprising results in the near future provided the
technology matures to our expectations60.

58 https://ieeexplore.ieee.org/document/7844384
59 https://ieeexplore.ieee.org/document/7140688
60 https://ieeexplore.ieee.org/document/6649935
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4. VR and AR Tracking
There has been a lot of excitement and development in the areas of Virtual Reality and
Augmented Reality for the last decade, and rightfully so, as these advancements promise to
open a whole new world of opportunities for new human interests. As these technologies are
developed, they are using more of the above tracking technologies for face, head, eyes, and
body movements to augment virtual reality environments with greater precision.
Aside from the emotional effect that entertainment can provide while wearing these devices,
there have been significant gains in other areas simply due to the immersive aspect of
wearing these devices. In particular, emotional responses are much higher compared to a flat
screen at a distance. Because we automatically associate emotions with memories, many
simulations for training and learning achieve more effective memory retention61 of the
material, provided that it is spatially relevant and useful to have 3D content in the first place.
This is not to say that academic subjects will be learned faster using AR or VR, just that any
content that can be naturally translated into a 3-dimensional space is typically seeing a much
greater uptake, particularly if it evokes an emotional response.
This could make for huge strides toward understanding our emotions and our responses to
different environments, situations and objects, as well as provide insights into how memories
are stored and accessed. While current VR and AR technology does not usually include
emotion detection, it is emerging62 and will surely begin to create some fantastic and
memorable experiences while giving us plenty of data to enhance our understanding of
ourselves.
There are also some very practical applications currently in use that should be mentioned
although they may not be solely emotion-related at this point. Researchers have been testing
the treatment of all sorts of health conditions with VR for many decades now, since it was in
its infancy. It has been used to treat phobias, to sedate anxiety, to help with communication
issues and even to help treat partial blindness or sight conditions. It would seem that health
61 https://www.nature.com/articles/s41598-018-32063-4
62 http://mentalhealth.media.mit.edu/wp-content/uploads/sites/46/2018/04/CMH2018_paper_03.pdf
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conditions are a natural fit for VR and AR, as these topics have been at the forefront of this
research for a long time now and have had several successes. One could arguably say that it
is a natural fit for treating generic heightened emotions, provided the technology was steered
in that direction.
5. Sleep Tracking
While sleep is not an activity that we typically see as emotional or related to effective
communication, it would be naive to assume that it doesn't have an effect on those aspects
every day. Sleep apps are also one of the most popular forms of body tracking, indicating a
strong human interest to understand sleep and to find out how to make the most of it. Sleep
affects our moods, our emotion levels, and our ability to perform63 substantially, and there are
many explanations as to why. Researchers worldwide have studied dreams, the
subconscious, and why rest is required to 'reset' the entire nervous system. Recent research
additionally suggests our memories are stored and our emotions resolved while we sleep.
Sleep is vital to our working lives. It's only natural that we should want technology to help us
sleep more soundly and achieve a more balanced and less stressful life.
Several technologies have been used to assist in sleep performance including microphones
to detect sound, gyroscopes to measure movement, and all sorts of biofeedback sensors to
gather data from a host of bodily activities while sleeping. A selection of the more popular
and interesting products available are below:
Sleep Cycle64 - App that tracks sleep patterns using gyroscope and microphone
Sleep Shepherd65 - Wearable for tracking brain activity while sleeping
Emfit66 - Tracking heart rate variability during sleep
Sleepscore67 - Irish product that tracks movement, breathing, light and temperature

63 https://dl.acm.org/citation.cfm?id=2858202
64 https://www.sleepcycle.com
65 https://sleepshepherd.com
66 https://www.emfit.com
67 https://www.sleepscore.com/the-science/
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Biofeedback Data
There are a wide assortment of biofeedback sensors and software that monitor everything
from respiration to heart rate and blood pressure to skin conductivity. All of these will show
some states of emotional activity in varying degrees and to different needs. Some of the best
research available focuses on very distinct emotional responses, while other more widely
encompassing research aims to compare the various methods for their suitability to a variety
of situations. Listed below are a number of approaches to biofeedback and their applications.
1. Heart Monitoring
One of the more popular and commercial forms of biofeedback is heart monitoring. In terms
of hardware and software, there have been significant advances in consumer heart
monitoring technology over the last few years, as heart monitoring is one of the more basic
forms of biofeedback technology. As such, there has been a massive adoption of the
technology in all sorts of products, most notably the Apple Watch and the Fitbit, but also a
wide variety of other devices, from rings to clothing. The sheer number of products including
these sensors is staggering.
In terms of product development, it is important to keep in mind that the software may be
more important than the hardware in this case, as there are many subtleties and patterns in
the data that can be extremely useful if detected properly, and there is a significant need to
eliminate certain types of noise or irregularities, as the heart sometimes does skip a beat and
the sensors are known to pick up external stimuli and noise.
Even though the technology is commonly referred to as heart rate tracking, the data is
somewhat more complex than that. There are numerous patterns of heart data which can be
extracted from the heart activity – the resting rate is a key factor as well as heart rate
variability. There are many scientific methods to measure heart data – each attempting to
isolate and determine patterns and irregularities in sometimes very slight and minute
changes, as well as in longer changes over time with variation in different frequencies. The
most popular or standardised approach is to look at heart rate variability, as it tends to be a
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clear indicator of general health, but there are a number of approaches that might be more
revealing of heightened emotions or anxiety, such as irregularities and acceleration or
deceleration.
2. Electrocardiogram (ECG)
ECG sensors are much more detailed than the average heart rate monitor used in consumer
wearables, and they are typically used in the lab or hospital settings. The Apple Watch Series
4 is awaiting FDA approval to give consumers an app68 that will replicate the type of data that
ECG will provide, but there is a lot of scepticism that this will not be as accurate or in-depth
as the devices and software used in hospitals.
An ECG is a biopotential sensor, measuring electrical energy in the body, and placed on the
chest measuring the impulses within the heart that make it contract. It provides a very
detailed window into cardiac function, including but not limited to heart rate, heart rate
variability, nervous system regulation, irregular heartbeats, changes in the heart, and blood
flow. As wearable consumer technology gets closer to medical-grade technology, there will
be more and more concern and excitement over how accurate or helpful it will be. There is
obviously a demand for this type of more accurate technology from consumers, especially for
those with existing heart concerns. As consumer-grade ECG technology matures, new
markets will emerge including general fitness and emotional health.
3. Blood Pressure
The typical inflatable cuff and pressor dial is a low-tech method to measure blood pressure
that has existed for just over a century. Now, variations of this are available for consumers in
the form of wireless cuffs69 . More fascinating is recent research using sensors on a typical
smartphone, which can measure blood pressure by placing the phone against the chest and
feeding data to the accelerometer or putting the camera light against the finger to detect

68 https://journals.sagepub.com/doi/10.1177/1461444817717514
69 https://www.livescience.com/46818-withings-wireless-blood-pressure-monitor-review.html
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pulse rate – an approach called Seismo 70. While these are useful new technologies for many
who need to find their blood pressure immediately, there are a few other types of wearable
blood pressure sensors71 that are now making their way to the consumer market.
Interestingly, blood pressure does increase when emotions are heightened, and so it can be
a good indicator of emotional activity, but heightened emotions over time do not seem to
have a long-term effect on blood pressure. In fact, it is the other way around – higher blood
pressure will cause heightened emotions as it lowers cognitive ability and causes all sorts of
other health problems which will increase emotional activity with time. Also, research has
found more recently that high blood pressure can make us somewhat blind to emotions72.
This emotional blindness creates even more emotional effects on ourselves and others. So,
while monitoring blood pressure regularly may be a good indicator of emotion levels, it is also
a good preventative measure for avoiding longer term emotional problems like stress and
anxiety.
4. Photoplethysmogram (PPG)
One of the more recent technologies to emerge in the wearable market is the PPG, an
optical sensor that emits light of certain wavelengths and detects small changes in blood
volume under the skin. This is possibly a catch-all sensor for heart rate, blood pressure, and
a whole host of other cardiovascular issues. Similar to the heart rate and blood pressure
sensing technique above, researchers are now using smartphone video cameras to gather
PPG signals as well.
In addition to cardiac parameters such as heart rate, heart rate variability, and autonomic
regulation, PPG provides insights into cardiovascular systems that are related to regulation
of blood pressure, vessel function and oxygen saturation. As with the ECG technology
above, there is some scepticism on the level of detail or accuracy that consumer-grade PPG

70 https://www.semanticscholar.org/paper/Seismo:-Blood-Pressure-Monitoring-using-Built-in-Wang-Zhu/

41f6b600fe1e24c4da030c6d3c1fca508d498298
71 https://www.wareable.com/health-and-wellbeing/wearable-blood-pressure-tech-559
72 https://www.sciencedaily.com/releases/2011/11/111103120455.htm
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can provide, so while there are already wearables on the market providing this technology, it
is an area where the technology will improve significantly in the next few years.
5. Electrodermal Activity (EDA)
Electrodermal sensors have been around a long time, they are the primary technology
involved in the classic 'lie detectors' that we see in films. They have been used for many
decades to detect all sorts of responses, from fear to anger, being startled or orienting
ourselves, and even sexual feelings. They are based on a bioimpedance sensor, which
simply measures any change in electrical conductivity across a small patch of skin. Sweat
will increase conductivity, among a host of other body functions.
Electrodermal is also known as Galvanic Skin Response (GSR), as well as other names
coming from all the different types of research that it has been used in, across many
disciplines. It is a useful and easy way to measure signal for activity, stress, and the nervous
system if it is used together with other signals to provide context. EDA is highly responsive to
emotions, but more in some people than others. These responses are used as part of the
polygraph or lie detector test, and this explains why it is not 100% accurate on all people.
EDA is most often treated as the combination of two components: fast changing and slow
changing activity. Slow changing activity is indicative of increased sympathetic activation or
alertness, which denotes more attention and predisposition to receive and analyse
information. Fast changing activity determines the presence of relevant stimuli and is
indicative of a higher emotional state, or higher arousal.
6. Electromyogram (EMG)
This type of sensing measures the electrical activity produced by skeletal muscles. It can
detect minor emotional muscular movements that may not be visible above the skin, such as
facial contractions for smiling or frowning or leg reactions when startled – even when the face
or leg do not appear to move. It typically consists of a biopotential sensor placed on a
muscle, usually a limb, to record the electrical impulses generated by very slight contractions
of skeletal muscle. It also has many medical applications, for example it can measure
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skeletal muscle movement in motor neuron function, which can be very useful for diagnosing
some muscular disorders.
7. Chemical Reactions
As well there are many other sensors and tests that measure the the following chemical
reactions. There are skin sensors similar to the ones mentioned above, blood tests, brain
scans and a plethora of other new research activities that look into these chemical reactions.
These are, generally speaking, neurotransmitters and hormones which lead to changes in
emotional state:
Dopamine
Essential to the brain’s reward system. Related to desire and motivation.
Helps to recall and recognise good experiences.
Acts in movement control, memory and the feeling of pleasure.

Serotonin
Related to the mood, social behaviour, sleep, memory and learning.
Helps you to 'feel better'.

Endorphin
Inhibits pain while also stimulating pleasure, relaxation, and sedation.

Oxytocin
A hormone that is stimulated by endorphins.
Related to feelings of contentment, trust in others.
Primary cause of comfort, relaxation, and decreased stress.
Increases the sensitivity of endorphin receptors.

Cortisol
A hormone released during chronic stress.
Decreases when oxytocin and endorphins work together.

Structuring Emotion Data
Emotion Components & States
It is generally agreed upon that emotions involve qualitative elements such as triggers,
appraisals, feelings, expressive behaviour, physiological changes, and action tendencies.
Emotions can therefore be described somewhat reliably in terms of categories; emotions
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have an intensity, and so on. On the other hand, the structure of emotions is subject to
opinion. Researchers often use dimensional models73 to map emotion positions and
movements, but they are always controversial as there is very little agreement on these.
Here are components and states of emotions that some people have agreed on, but they are
usually seen as independent features and not interrelated in most cases because each
person and situation has unique emotion combinations.
Components of Emotions (Psychology Studies)
Subjective component: Feelings
Cognitive component: Appraisals
Physiological component: Body Changes
Behavioural component: Actions
Expressive component: Gesture and Cues

States of Emotion (HUMAINE Group database)
Attitudes
Established Emotion
Emergent Emotion (full-blown & suppressed)
Partial Emotion (topic shifting & simmering)
Altered States (arousal, control & seriousness)
Stance Towards (person, object or situation)
Moods
Interpersonal Bonds
Emotionless

73
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Emotion Data Models
It is important to consider how accurate your data needs to be and what it needs to be able
to detect. For this reason, we have explained the spectrum of detectable emotions below, but
it is crucial to keep in mind that the purpose of this report is to make people aware of
changes in emotion, not necessarily to gain insight into any specific emotions. All of the
technologies listed in the Emotion Sensing Technology section are able to detect changing
levels of emotion, but not all of them will be able to determine the type of emotion, never
mind the reactions that will result or the cause of the emotion. Only a few newer
technologies, such as face tracking, body movements and text processing claim to be able to
distinguish individual emotions, but as you'll see in these next few sections, emotions are
very difficult to define.
1. Emotion Strength: Arousal
The concept of arousal is one of the most commonly understood in the areas of emotion
science – it simply refers to the strength or amount of emotion present, whether conscious or
not. In terms of applying the science to technology, it is important to understand how arousal
is measured, that it increases and falls steadily in most cases, and, for all practical purposes,
it disappears completely when an emotion is considered not present. In terms of measuring
arousal, there are all sorts of approaches, using the various technology outlined in the
Emotion Sensing Technology section, and, in a lot of cases, the arousal is mapped onto a
dimension of sorts, forming the basis for emotion maps or emotion models. It should be
clarified though that these emotion models or maps are most often unique to specific
projects, and that in the more commonly accepted models, the concept of arousal (strength
of emotion) is perhaps the only variable that is widely accepted.
2. Emotion Balance: Valence
Valence, in the world of psychology, means the level of attractiveness (positive valence) and
the level of averseness (negative valence) of an event, object, situation, or in this case, of an
emotion. It is often used to characterise or categorise specific emotions. The basic premise is
that positively valenced emotions are brought about by positive thoughts, events, objects, or
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situations. The same premise is true of the negatively valenced emotions. While this may be
a generally accepted model of understanding emotions, it has proven in more recent years
not to be entirely accurate, as emotions perhaps contain both positivity and negativity74, and
sometimes don't contain valence75 at all. Further to this is the notion of ambivalence, which
could be regarded as a conflict between positive and negative values or not to contain either.
As researchers further study the mind and emotions, evidence points to emotions as a form
of conscious memory, containing much more than just the cartesian or linear concepts of
positive or negative, and strong or weak emotions. The lack of dynamics in these dualities
are the major rationale behind the lack of contemporary support in the generally used
emotion models today.
3. Emotion Models
The maps and models that are most often used to describe the 'positions' of emotions are
the subject of debate76. As such, the most popular maps and models of how emotions relate
to each other should be used sparingly or even just for reference, as there is no consistent
model or map of emotions that all agree on. The concepts within these maps and models are
explained below. Some obtain consistent agreement for some purposes. Here are the most
popular methods that are currently used to position emotions.

Lövheim cube77

Plutchik's model78

Positive Negative Activation Model79

74 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5397534/
75 https://www.frontiersin.org/articles/10.3389/fpsyg.2013.00261/full
76 https://www.affective-science.org/pubs/1998/98DiscreteEmotDimens.pdf
77 https://en.wikipedia.org/wiki/Lövheim_cube_of_emotion
78 https://www.6seconds.org/2017/04/27/plutchiks-model-of-emotions/
79 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3196197/
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One of the most obvious reasons that emotion models are not entirely successful at
obtaining traction is that they don't reflect the variety of language people use to describe
emotions or even the variety of emotions that one person might experience to any level of
detail. Below are a few examples of projects that aim to add more language to the spectrums
of emotions, though even the base emotions change meaning and relevance for individuals
as well as across cultures and locales.
4. Emotion Vocabulary
In addition to explaining emotions through the components and states mentioned in the
introduction, there is quite a bit of variety concerning the definitions of actual emotions,
particularly in different communities of knowledge. Because of this, it is extremely difficult to
define emotions beyond a very local subset of any population, and even then the variations
are quite profound when any level of detail is looked at beyond the basic agreed
categories80. This explains the difficulty in finding agreed maps or models for emotions and
points us to look at newer research into the ideas of Adaptive or Learned Emotions as a base
to explain the vast variety and difference between sets of emotions that may be unique to
each individual even within a single family.
The Untranslatable Emotions You Never Knew You Had81
How Many Different Human Emotions Are There?82

80 https://www.sciencedirect.com/science/article/pii/S0747563215001417?via%3Dihub
81 www.bbc.com/future/story/20170126-the-untranslatable-emotions-you-never-knew-you-had
82 https://greatergood.berkeley.edu/article/item/how_many_different_human_emotions_are_there
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Emotion Systems
1. Adaptive Emotions
In order to understand how wearables can help with emotions, it's important to understand
the basic concepts of adaptive behaviour and adaptive emotions. In the last 20 years, a lot
has changed in psychology and emotions – it was believed that we could not adapt our
emotions or our responses, or even our behaviour, no matter how we tried. These were
things we thought were 'naturally ingrained' in ourselves and we could not relearn them.
Because of this, emotions were considered maladaptive (unable to be adaptable) until the
last 20 years, whereas now they are seen as adaptive and even indispensable for adapting
behaviour. We can learn new emotions, new reactions and new behaviours. It simply takes
effort.
This goes hand in hand with new brain science insights concerning neuroplasticity – the idea
that our brain is made up of neurons that are like plastic and can be reformed. This is a new
understanding, that we can change our minds. There is now a huge proliferation of apps and
technology oriented toward brain training and psychological improvements. In the last 20
years, researchers have proven that this brain changing is a natural phenomenon that we
can use to alleviate different types of heightened emotions – we can change our own brains.
Mindfulness or training apps tend to use processes like altering our sense of pattern
recognition and positive-thought reframing techniques (among many other approaches) to
give us a sense of change and improvement.
2. Learned Emotions
Some fascinating new research is proving that emotions are not only learned through
experiences, but deeply associated with memories of particular situations. These findings
suggest that learning plays a central role in emotion, with emotion adapted to the situations
in which it is experienced. This is what researchers call Situated or Learned Emotions83 , as
they are positioned within the brain as a set of processes that are remembered when the

83 https://www.sciencedirect.com/science/article/pii/S0028393218300083?via=ihub
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original emotion was developed. Emotion results from learned assemblies of relevant
perception, cognition, interoception, and motor processes in specific situations. Here are a
few examples of emotions taking situation-specific forms:
Imagine a speeding car running a red light approaching suddenly from the left.
The fear experienced might engage:
•

perceptual processes for sensing physical threat

•

cognitive processes for imagining bodily harm

•

interoceptive processes for mobilising action

•

motor processes for avoiding the approaching vehicle.
Imagine being at a dinner party and impulsively saying something offensive.
The fear experienced might engage:

•

perceptual processes for sensing social threat

•

cognitive processes for imagining social exclusion

•

interoceptive processes for inhibiting further impulsive comments

•

motor processes for expressing regret facially and verbally

3. Situated Emotions
This framework of Situated Emotions is grounded in earlier psychology work into Situated
Concepts, or how the brain creates concepts in different situations84 . As individual items in a
situation are conceptualised, a global conceptualisation of the situation becomes a coherent
interpretation of what is occurring across the situation as a whole. This reflects and
represents how an event bears on one's self interests, how various coping actions might
regulate the situation and how one's body responds.
According to this psychology theory, the brain is a situation processing architecture, with
multiple neural networks simultaneously using concepts in memory to interpret various
elements of the current situation, including the setting, agents, objects, actions, events,
mental states, and overall importance to the self. Together, these elemental and global
concepts establish a 'situated conceptualisation' that represents and interprets the situation
at multiple levels.

84 emotionresearcher.com/lisa-feldman-barrett-why-emotions-are-situated-conceptualizations/
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For example, while you are consuming a croissant at a coffee house, a situated
conceptualisation is constructed that includes concepts of the coffee house, the croissant, its
goal relevance, eating, and the emotion experienced.
4. Movement and Context
Fascinatingly, the expression of emotions is not enough for devices and sensors to learn new
emotions, there needs to be a context and some movement within that context in order to
situate the emotions. Software needs to capture both Movement and Context to provide a
way of understanding emotions. We need to be able to track people’s movements accurately,
to measure their movements and as much of the external and internal context as possible.
This is why emotions are such a good fit for wearables, they are is much more likely to learn
or retrieve emotions with data from cameras, microphones, locations, and so on. Without any
movement or context alongside a memory, the technology won't be able to trigger, repeat or
recognise emotions, The data they they store without context won’t be able to be reexperienced as human memories, and therefore we won’t be able to learn or develop our
emotions from the technology.
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UX Design Recommendations
To make recommendations for the design of emotion devices, there are a few basic
guidelines based on research into wearables and social factors. It is important to explain the
types of content that work well for emotion technology and the features that suit emotional
devices. Our recommendations are based on research across several topics – any actual
design efforts should be based on adaptation and success through iteration.

Physical Device Factors
1. Social Weight
Wearables devices inevitably contain an element of social weight85, as they represent our
interests, needs, and many other factors that reflect what we are psychologically or
emotionally attached to. Human beings have a long history of adorning and decorating,
equipping and positioning themselves with all sorts of technology, but there is almost always
a form of social weight associated with this process. From a feather hat to a hammer, our
position and purpose within society is often indicated by the types of technological
advancement we choose to attach to ourselves.
Keeping this long history in mind, it becomes easy to see the temporal nature of most
electronic wearables – the white apple headphones, the mobile phone hip holder, and the
mp3 player armband are perfect examples of very popular wearable technologies that did not
have a sustainable social weight. To side-step this temporal nature of trending wearables, or
even to make sure your technology meets a certain level of temporary popularity, it is
important to understand a few basic principles86 of social comfort and our psychological
attachment to wearables.
2. Non-Disruptive Wearables
While the technology itself may become very popular for disrupting a market or a
technological limitation, the user experience design of that technology should be as non85 www.tinmith.net/papers/toney-puc-2003.pdf
86 https://www.ncbi.nlm.nih.gov/pubmed/25570908
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disruptive as possible. The only way to avoid disruption with the design of new technology is
to position it in such a way that it maintains a similarity with consumers’ existing clothing,
tools and other attachments.
It is extremely important to avoid disrupting the social weight of existing objects, and this is
why people routinely return to black headphones, putting phones in pockets, wanting
wireless connections87 and soft wristbands for their watches. It is in keeping with Don
Norman's timeless recommendations 88 in The Invisible Computer, where he explains the
narrative of the disappearing computer and the positive effects of social transparency for
devices.
3. Soft Wearables
While objects that we consider to be our tools and to serve a functional purpose are often
designed to be hard and solid objects, the opposite is true with those that inspire an
emotional attachment or that provide us with a sense of emotional well-being89. There is
significant research into this area in many fields including medical, fitness, performance and
the arts, leading to the almost ubiquitous conclusion that if a device is to be worn, or it is to
reflect our emotional state, it needs to be 'soft'90.
This has been seen globally in people making the decision to personalise their devices with
soft cases, to place wearables on clothing, and to prefer soft bands or materials. In almost all
cases, the devices we wear closer to our bodies are becoming softer91, for obvious reasons.
If your intended device will have regular contact with human tissue, it should be soft. We
recommend soft cameras and microphones as well, even though they may not touch the
body, as this is also an emerging trend92 to create a sense of comfort for users.

87 search.ebscohost.com/login.aspx?direct=true&db=a9h&AN=119356339
88 https://www.nngroup.com/books/invisible-computer/
89 interactions.acm.org/archive/view/july-august-2015/somaesthetic-design
90 https://muxjournal.springeropen.com/articles/10.1186/s13678-016-0006-z
91 https://dl.acm.org/citation.cfm?id=3173607
92 https://catchbox.com
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4. Unaware Wearables
The need for wearables that we are not continually aware of, and yet have complete control
over is paramount. This is evident in the medical field, where a lack of control is often
matched by a continual awareness that would be unacceptable and perhaps unethical in
commercial electronics. The problem is systemic and causes technology design that relies
on top-down systems of information distribution. In the medical field, the wearer may be
oblivious to the device’s activity or results and have little control over the device but suffers
consistent and continual reminders of its presence.
This is a pressing need, not only for the design of medical devices, but also for devices that
have a technology-first or data-first approach to design. The only path forward for wearable
technology to be accepted, both in and beyond medical contexts, is that the wearer is not
usually aware of the device(s) and that they understand and are in control of the operation
and data within the technology.
While the need for unaware wearables is urgent in the area of medical devices, the same
holds true for consumer devices or tools of work. Technology should be a natural and
comfortable extension 93 of the body and the mind, and this is especially important for any
technology related to our emotions, or it will not be accepted and will be unsustainable.

Recommended Content
Now that we have explained what technical approaches can be used to make people aware
of emotional activity that might cause unwanted responses, we will explain a few basic
approaches to informational content, which can be used in various ways to deal with
emotional reactions.
1. Distractions
Perhaps one of the more fundamental recommendations to manage emotions is to create
distractions. This could arguably include anything from sounds and nature imagery to text

93 https://www.sciencedirect.com/science/article/pii/S0022103114000936
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and images. All it needs to do is alert the person to a new thought and it will start to create a
natural refocusing. This makes it the primary content recommendation for alerting people to
heightened emotions – our brains need breaks from too much focus and time to reframe our
thinking in order to dampen heightened emotional activity. The following sections are all
examples of personalised distraction content and are already very popular on the internet.
2. Awareness
To develop technologies that inform us effectively to the state of our emotion levels, it is
important to understand a few of the more frequently used awareness approaches to
moderate heightened emotions. Some of the most popular approaches are simple reminders,
saying, 'take it easy’ or 'try to relax’. There is also the time-trusted method of giving more
time to think things through, finish goals, and meet expectations. These basic ideas and
many more have been integrated into countless awareness practices, to help our awareness
of our emotions by giving the time to reframe thoughts towards more positive thinking.
Before we get into the specific content options that we can use to provide emotion feedback,
it is important to think about these from the perspective of the awareness approaches that
have worked for many years without technology. Some of the most common approaches to
solving emotion related problems via awareness are below:
Using mirrored language, repeating thoughts constructively
Showing positive appreciation and establishing rapport
Reducing internal back chat through distractions and relaxation
Introducing physical activity to benefit respiratory and nervous systems
Increasing mindfulness of the body and environment
Encouraging healthier diet and rest patterns

3. Relaxation
Many interactive technologies and games developed for the purpose of cultivating
awareness try to achieve this goal by inducing relaxation, often by consciously manipulating
breath and thoughts or by providing imagery and sound. This is contrary to meditation, where
the breath is observed naturally without intention to change it, and relaxation is a by-product.
However, innovative approaches for improving awareness that make use of relaxation can
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contain valuable elements for emotion software and are explored in detail in the two papers
below:
Immersive Interactive Technologies for Positive Change / A Scoping Review94
Feeling your data: Touch and making sense of personal digital data95

4. Audio
Some of the most popular emotion technologies on the market today are based on audio,
music and sound. Sound recordings designed to help us relax are the most common form of
positive feedback technology currently available. The selection of audio for relaxation,
sleeping, studying, meditation, exercising and so on has grown exponentially as evidenced
by its popularity on YouTube, Soundcloud and Spotify, among other services.
Our brains are hardwired to react emotionally to certain sounds and types of sound. As a
species, we are hardwired to appreciate music and various other sounds, and to enjoy these
in ways that provide us with immediate mood changes. Because of this, audio is probably the
best type of content we have for emotion reduction technology, if it is done right. It needs to
be personalised, which we cover in the upcoming section on Recommended Features.
Here are a few examples of audio technologies and recording types that are popular for
causing emotional responses: ASMR, Binaural Beats, Nature Sounds, Noise, and Music.

5. Imagery
Another popular way to relax is to spend time in nature. We love absorbing the textures and
patterns of nature with our eyes, hearing the intricate sounds, absorbing the variety of smells
and feeling the sensations of wind, water or the ground beneath our feet. Many of us choose
to relax in nature, from vacations by the sea, to simply sitting in the park. Our bodies are
somehow grounded and at ease within a natural environment. But, as we don't have the
ability to always make the time needed, or the availability of nearby nature as an easy option,

94 https://www.frontiersin.org/articles/10.3389/fpsyg.2018.01354/full
95 https://journals.sagepub.com/doi/full/10.1177/1461444817717515
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we are more and more seeking out nature content to give our bodies that sense of calm and
wonder that nature inspires.
This drive for nature content has begun a whole host of options within the amazing content
on demand systems that we now all have ready access to. We may consume nature
documentaries about extreme environments, videos of household cats acting silly, long audio
recordings of rainstorms or waves crashing on sunny beaches. We somehow never tire of
watching and listening to nature. We can now use technology to generate these emotional
responses by delivering nature content to the right person, at the right time based on their
preferences.

Recommended Features
1. Personalisation
One could say that the human mind is as picky about software and hardware as it is about
sights, tastes and smells. Because we are a very diverse species when it comes to our
emotions, it is important to look at the underlying reasons for emotional reactions and to
understand what types of things cause these reactions. For each person the reactions are
slightly different, and the information that might drive these reactions is very personal.
Therefore, it is important to allow customisation or personalisation of content in any
technology for emotional relief.
2. Activities
For many centuries, diverse cultures across the world have practiced activities that calm and
reset the emotions. There are many theories, sciences, philosophies and even superstitions
underpinning activities promoting emotional balance. One of the more popular activities for
refocusing and physical fitness is the approach referred to as High Intensity Interval Training
(HIIT96 ), which is also used in brain training as well as a number of other areas. This is an

96 https://en.wikipedia.org/wiki/High-intensity_interval_training
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activity schedule that is based on intense activity with scheduled intensive breaks, allowing
the body to build strength quickly.
3. Scheduling Breaks
The popularity of break scheduling around the world also points to its success in fulfilling a
human need – it quite simply gives us the ability to reprocess our thoughts, build upon our
memories and to get distracted long enough to reframe our perspectives. Some people take
this a step further, using software to remind them of the need to take breaks. From alarms
and notifications, to egg timers and countdowns – there is a wide variety of software
available to encourage and assist in taking breaks.
There has been a lot of research recently into the topic of taking breaks97, even making it into
the mainstream media and causing some businesses to adapt their schedules to encourage
breaks in order to increase productivity. Interestingly, these brief diversions vastly improve
our ability to focus, they allow us to increase our vigilance towards tasks98 , and avoid the
slowing down of productivity that happens after any extended period of time spent on one
task. There is research into breaks that says the productivity gains actually come from Task
Unrelated Thoughts99 (TUTs), that we need to temporarily think about something else entirely
in order to refocus with greater clarity on the task at hand.
4. Brain Training
This leads into some very interesting new research regarding the mind and what we call
Neuroplasticity, or our ability to 'rewire our brains' and to learn new habits, activities and
knowledge. There is substantial research100 into this area that has found the brain’s ability to
train itself is very similar to the abilities of muscles to train themselves to be faster, stronger,
more flexible and so on.

97 https://www.sciencedaily.com/releases/2011/02/110208131529.htm
98 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2865224/
99 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3819597/
100 http://www.myneurogym.com/the-science/NeuroGym-Science-Review.pdf
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As a result, a number of researchers and practitioners101 have found that High Intensity
Interval Training schedules are as good for your mind as they are for your body. In general,
this type of training has to do with keeping to a fixed schedule. The most popular and
successful version has a schedule of approximately 80–90 per cent exercises followed by
10–20 per cent rest. The same can be said for the mind, that for every 60 minutes of focus,
the brain refocuses best with 6–12 minutes of intentional breaks. The effect of this 'brain
training' becomes even more constructive if the brain begins to focus on something
completely different, and with a different set of thoughts. One could say, for example, that for
every hour of document writing, a person should do ten minutes of something else
completely different, like surfing the internet, making tea or going for a walk. This is an ideal
way to develop focus and to increase productivity overall. It allows us for a greater state of
'flow', which is where we find the most satisfaction in our work and generate the best outputs.
5. Reframing Time
Heightened emotions is sometimes connected to an end goal, such as doing something or
getting to a certain place at a specific time. Having extra time, or enough time, to finish things
according to our expectations is very often a frame of mind more than an actuality102. It is
also a socially transmutable perspective – if one person feels they are lacking time, it
somehow becomes contagious to those around them. For this reason alone, it is extremely
important to instill a sense of confidence regarding 'time panic' and to catch it almost as soon
as it appears. There are countless approaches to this, such as 'slowing down to think things
through, or 'taking things down a notch'. Our culture has thousands of expressions for
helping each other with this unpredictable sense of urgency – the trick is to teach our devices
to recognise these moments and to provide similar assurances.

101 https://www.fastcompany.com/40451692/this-is-the-only-type-of-brain-training-that-works-according-to-science
102 https://www.sciencedirect.com/science/article/pii/S0022103114000936
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6. Finished Thoughts
Another common cause of heightened emotion is unfinished thoughts. Our minds continually
process information, from the minimal and innate, to the all-encompassing and relevant.
Interestingly though, it is not the size or importance of the information or the relevance of its
significance that causes the most amount of emotional activity, it is simply the amount of
repetitions it takes to process it103 before we experience emotional flooding.
Of course, more timely concerns equate to faster processing needs, and more important
thoughts require greater attention to detail, but the emotion itself is nearly the same whether
someone cannot complete an important exam on time, or they cannot remember where they
put their hairbrush. Both of these events are caused by thought feedback loops, an everyday
occurrence where the mind has to rethink something through in order to complete its
objective.
The problem occurs when the mind gets stuck trying to process the same thought several
times over. This happens much more often when we are tired, when we need a break, when
we haven't eaten properly, when we have other distracting thoughts, when there are too
many current distractions and a whole host of other scenarios.There is no 'permanent cure'
for this phenomenon of getting stuck in thought feedback loops, and in fact there shouldn't
be, as we find them entirely engaging and rewarding provided they are under our control and
finish when we expect them to. The problem occurs when the thoughts continue beyond our
reasonable expectations and they still have not concluded. The easiest way to conclude
these thoughts is to defocus and refocus, or to distract and reapply your thinking. In the
feedback solutions below are some examples of how to avoid or conquer these nagging
thought loops with various technology or psychology approaches.
Here are some of the major causes of unfinished thoughts which lead to emotional flooding:
Inner Voice

Communication Errors

Posture, Diet & Health

Aspirations

Social Positioning

Air Quality & Quality of Life

103 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2672052/
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Challenges
User Experience
Design Considerations
As this is a UX Research report, the priority is to present the challenges here for the
technology from a user’s perspective. Of course, there are many other challenges in getting
this technology working and to market but based on the research into active technology
almost all of the suggestions in this report are plausible or in existence already. Because this
is an emerging area, there is very little already done in terms of user experience, there quite
simply haven’t been many emotion systems designed in general, never mind with the user in
mind or design for usability and inclusion.
Ergonomics are going to be crucial to these types of interactions, because they are so
personal and reflective. The user will simply want to know how they feel, and that is a
substantial design challenge. The wrong labelling or placement of interface elements could
easily sway a user into thinking that the software simply ‘doesn’t get them’. Because of this,
the hardware and physical interactions are also going to play a bigger part than in other
forms of technology, because they are worn on the body and relate stronger to self-identity.
They require an additional stage of design that includes fashion and accessory design as
well as typical software and hardware design.
Non-Disruptive Feedback
As mentioned in the User Experience Recommendations section, they need to be designed
to be Non-Disruptive. They simply can’t be annoying or awkward in any sense, or they won’t
reflect the basic premise of providing transparency into emotional status. This means that
greater attention to design for empathy and awareness will be paramount for emotional
devices to be successful. It’s an exciting area, and hopefully one that brings new methods
and practices into the work of user experience design.
There will need to be subtle yet informative methods for alerting to feedback and informing of
intentions and actions because the content and data is linked to the user’s emotions. A fine
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balance is needed to reflect both positive and negative influences and to increase awareness
of emotional flooding. Because these devices will be monitoring the human body
continuously, and the feedback may be indirect, there may less need for screens and more
focus on voice, hand gesture or other less tactile interactions.
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Conclusion
New Technology
This is a fascinating area of development where we are using new technology to learn about
how we think, behave and feel. There will be massive effects on the existing wearable device
market, as products try to incorporate more and more personal data to reflect the interests of
users. The introduction of biometric data has already been one of the most popular features
of new smart watches and other fitness devices, and these devices are only beginning to
offer ways to interpret and use this data.
Many industries will begin to develop emotion sensing technology as part of their existing
products, and those that already use data that can reveal emotion patterns will start to use
those data sets more and more. In the fields of Health and Psychology, devices like this will
revolutionise how care is monitored and how data is collected. And in the areas of Artificial
Intelligence and Crowd Sourced Data, projects will begin to take on a new life, by quite
literally looking at the data that reflects life itself. This will be an era of new emotion
recognition technology that changes people’s lives by providing a glimpse into the self.
Brain Training
Already there is evidence of the effectiveness of brain training, executive coaching, and in
new ways of learning, these new methods for brain training are taking the world of learning
by storm. Emotional Devices are only going to extend the effects of the ‘relearning’
movements, by providing more context and relevance to the patterns of behaviour we are
more comfortable with. There is a wealth of opportunity in the entire learning and
development space with the potential of this new technology, from immersive learning to selfpaced learning. When we learn, we remember, and when we remember we feel emotions.
Our thoughts, feelings and memories are incredibly linked, and with this type of technology
on the horizon there is only the possibility to understand ourselves more.
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Emotion Management
There is also a huge opportunity here for self-awareness and management of our emotions.
A vast majority of projects in this area of emotion technology explore and employ techniques
from preventative approaches such as mindfulness, awareness and psychology. These
projects often look at increasing awareness of emotions to help us steer ourselves towards a
more positive and balanced direction. It is important to keep in mind that this technology
should be used for personal development and not for behaviourist or corrective applications.
The influences our emotion data has on us will inform our decisions, so the technology
should not lead us into negative outcomes. It will be important for the technology itself to be
mindful of the user’s needs and wants in order to create positive expectations and results.
Learning Soft Skills
In the area of learning soft skills also known as transferrable or traversal skills, there will be
many challenges as learning apps and approaches will need to learn how to incorporate
emotion data in order to be successful. There are huge growth opportunities for executive
coaching and leadership training processes, as any learning situation will benefit from
emotional context and understanding. These markets are changing fast, with new experts
and expertise emerging every day. We believe that emotion tech and wearable tech may
help make many learning experiences104 more comfortable, the information will be easier to
remember and in general the experience will be more enjoyable as these technologies can
guide people through many new ways and methods to learn.
Benefits for Industry
Emotion tech technology may assist the everyday communications and organisational
challenges companies face. Having an informed perspective on your emotional states and
learning how to work with this new data will be not only exciting but extremely interesting and
rewarding. Life with emotion technology could one day improve teamwork and collaboration
in the workplace, it could provide the missing link in broken dialogue, and it could generate
useful data about the people that drive the business.

104 https://www.frontiersin.org/articles/10.3389/fpsyg.2017.01191/full
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Appendix 1: Key Research
In the making of this report the best research had several things in common. As the topics
are as varied as they are complex, it was important to get a good overview of the state of the
the technology, the state of the market as well as the personal and social elements that are
embedded in the use of emotion technology. The references listed below are the findings
that placed the above the rest. In addition to the footnotes, this is a listing of the key
materials that will provide further detail on the major topics in this report.
Dense with Data
The majority of research in emotion sensing is fairly scientific or theoretical. This poses a
problem for extracting details relevant to the design of new technologies, as the data tends to
be focused on the technology or its implications. Therefore, in order to find research that is
best suited to designing new emotion sensing devices, the best research is dense with data;
it provides a depth in terms of the scientific studies involved, or provides a breadth in content
such as a substantial history on the specific topic or a wide variety of approaches used.
Relevant and Timely
In order to qualify the following research as key research, it needed to be relevant to our
needs surrounding emotion sensing, and as well our interests or habits. It is not enough for
emotion sensing devices to be focused on available technology or to make it based on data it
collects or observes. The technology we choose to bring into our lives has to be relevant to
how we currently live and fit into our lives in a way that meets a contemporary interest.
Human Interests
Emotion technology is often made using content or contexts that are not already part of
people's lives, creating low motivation or interest in the technology. As a result, there is very
little real world usage or acceptance. In order to make technology that resonates with people
and becomes valuable, it needs to reflect our interests more than aspirations or doubts.
Orienting emotion technology research towards human interest is perhaps the number one
design consideration in finding best in class emotion sensing research
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Technology
Topic

Reference

Sensors

Stress Recognition using Wearable Sensors and Mobile Phones
https://www.media.mit.edu/publications/stress-recognition-using-wearable-sensors-and-mobile-phones/

Neurotics Can't Focus - An in situ Study of Online Multitasking in the Workplace
https://dl.acm.org/citation.cfm?id=2858202

Seismo: Blood Pressure Monitoring using Built-in Smartphone Accelerometer and Camera
https://dl.acm.org/citation.cfm?doid=3173574.3173999

Wearables

Haptic media and the cultural techniques of touch: The sphygmograph and the Apple Watch
https://journals.sagepub.com/doi/10.1177/1461444817717514

Infographic: The history of wearables
https://www.futurehealthindex.com/2016/09/29/infographic-history-wearables/

Text

Automatic emotion detection in text streams by analyzing Twitter data
https://link.springer.com/article/10.1007/s41060-018-0096-z

Norms of online expressions of emotion: Comparing Facebook, Twitter, Instagram, and WhatsApp
https://journals.sagepub.com/doi/full/10.1177/1461444817707349

Facebook in context(s)/ Measuring emotional responses across time and space
https://journals.sagepub.com/doi/abs/10.1177/1461444816681522

Email Duration, Batching and Self-interruption: Patterns of Email Use on Productivity and Stress
https://affect.media.mit.edu/pdfs/16.Mark-CHI_Email.pdf

Beyond emotion archetypes: Databases for emotion modelling using neural networks
https://www.sciencedirect.com/science/article/pii/S0893608005000353?via%3Dihub

Accelerometer

Detecting Human Emotions Using Smartphone Accelerometer Data
https://www.mn.uio.no/ifi/studier/masteroppgaver/robin/andreasferovigolsen-masteroppgave.pdf

Eyes

Activity Recognition for the Mind: Toward a Cognitive “Quantified Self”
https://ieeexplore.ieee.org/document/6649935

Making Regular Eyeglasses Smart
https://ieeexplore.ieee.org/document/7140688

Learning
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Measuring Cognitive Load in Embodied Learning Settings
https://www.frontiersin.org/articles/10.3389/fpsyg.2017.01191/full
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Design
Topic

Reference

Wearables

Wearable artefacts as research vehicles
http://www.realitydisfunction.org/papers/ResearchVehicles.pdf

Somaesthetic Design
http://interactions.acm.org/archive/view/july-august-2015/somaesthetic-design

Wireless Waves
http://search.ebscohost.com/login.aspx?direct=true&db=a9h&AN=119356339

Towards a Next Wave of Wearable and Fashionable Interactions
http://www.ijdesign.org/index.php/IJDesign/article/viewFile/3177/793

Social

Immersive Interactive Technologies for Positive Change: A Scoping Review and Design Considerations
https://www.frontiersin.org/articles/10.3389/fpsyg.2018.01354/full

Soft, embodied, situated & connected: enriching interactions with soft wearables
https://muxjournal.springeropen.com/articles/10.1186/s13678-016-0006-z

Social dimensions of wearable computers - an overview (and history)
https://philpapers.org/rec/VISSDO

Personal

Feeling your data: Touch and making sense of personal digital data
https://journals.sagepub.com/doi/full/10.1177/1461444817717515

Perception

When perception says “no” to action: Approach cues make steep hills appear even steeper
https://www.sciencedirect.com/science/article/pii/S0022103114000936

Social and Contextual Constraints on Embodied Perception
https://journals.sagepub.com/doi/abs/10.1177/1745691616660199

Perceiving Affordances and Social Cognition
https://www.researchgate.net/publication/258667629_Perceiving_Affordances_and_Social_Cognition

Mindfulness

A Review of Interactive Technologies as Support Tools for the Cultivation of Mindfulness
https://link.springer.com/article/10.1007%2Fs12671-017-0698-x

Review and Evaluation of Mindfulness-Based iPhone Apps
https://mhealth.jmir.org/2015/3/e82/

Challenges

Replication Crisis
https://en.wikipedia.org/wiki/Replication_crisis

Why Most Clinical Research Is Not Useful
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1002049
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Emotion
Topic

Reference

Models

Levels of valence
https://www.frontiersin.org/articles/10.3389/fpsyg.2013.00261/full

Study of Emotion Models: A Survey
http://www.irdindia.in/journal_ijeecs/pdf/vol5_iss1/17.pdf

Speech

MIT built a wearable app to detect emotion in conversation
https://www.theverge.com/2017/2/1/14476372/mit-research-wearable-app-detect-emotion-speech

Perceptual audio features for emotion detection
https://asmp-eurasipjournals.springeropen.com/articles/10.1186/1687-4722-2012-16

Automatic Emotion Variation Detection in continuous speech
https://ieeexplore.ieee.org/document/7041592

Multimodal interaction with emotional feedback
http://ceur-ws.org/Vol-860/paper14.pdf

Hidden Markov model-based speech emotion recognition
https://ieeexplore.ieee.org/document/1220939

Situated

Learning situated emotions
https://www.sciencedirect.com/science/article/pii/S0028393218300083?via%3Dihub

Lisa Feldman Barrett: Why Emotions Are Situated Conceptualizations
http://emotionresearcher.com/lisa-feldman-barrett-why-emotions-are-situated-conceptualizations/

A New Way To Look At Emotions
https://www.npr.org/sections/13.7/2015/08/07/430334253/on-simple-minded-views-of-the-emotions

Content
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Business
Topic

Reference

Health

Learn about Wearables in Healthcare
https://www.byteflies.com/approach

Fitness

Wearable Devices as Facilitators, Not Drivers, of Health Behavior Change
https://jamanetwork.com/journals/jama/article-abstract/2089651

Science Says Fitness Trackers Don't Work. Wear One Anyway | WIRED
https://www.wired.com/story/science-says-fitness-trackers-dont-work-wear-one-anyway/

Automotive

Affectiva Automotive AI
https://www.affectiva.com/product/affectiva-automotive-ai/

Sleep

Sleep Cycle analyzes your sleep and wakes you up at the most perfect time, feeling rested.
https://www.sleepcycle.com

Emotion

Feel is an emotion sensing wristband and app that coaches us to achieve greater mental well-being!
https://www.myfeel.co

Software

20+ Emotion Recognition APIs That Will Leave You Impressed, and Concerned
https://nordicapis.com/20-emotion-recognition-apis-that-will-leave-you-impressed-and-concerned/

Corporate

Executive and Leadership Intelligence
https://www.receptiviti.com/executive-and-leadership-intelligence/

Biometrics

iMotions simplifies advanced biometric research by providing software, hardware, and services.
https://imotions.com

Shimmer develops and manufactures medical-grade wearable sensors.
http://www.shimmersensing.com

The E4 wristband is a wearable research device that offers real-time physiological data acquisition.
https://www.empatica.com/en-eu/research/e4/
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Appendix 2: Market Forecast Data
There is substantial growth predicted in wearable and emotion technology across many
different types of products and markets, with major growth in watches, wristbands and
eyewear. In the upcoming 5–10 years, this technology aims to become as ubiquitous as the
smartphone. Major brands are already offering products in this space to match consumer
interest and predicted growth.
Wearable Technology
As wearable technology becomes even more feature-rich, there is a projected direct increase
in revenues. Gartner says it expects a total of 225 million wearables to be sold this year, and
that number is expected to continue to increase to 453 million devices by 2022105 . The
largest portion of this market is the smartwatch, with the exception of headsets.

According to CSS Insight the wearable tech market is to be worth $34 Billion by 2020106

IDTechEX predicts a growth of 23% to over $100bn by 2023 and over $150bn by 2026107
105 https://techcrunch.com/2018/11/29/analysts-are-still-bullish-on-wearables/
106 https://www.forbes.com/sites/paullamkin/2016/02/17/wearable-tech-market-to-be-worth-34-billion-by-2020/
107 https://www.smartinsights.com/digital-marketing-strategy/wearables-statistics-2017/
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Emotion Technology
As emotion detection and recognition technology becomes more widely distributed there is a
projected direct increase in revenues, driving the market to reach 24.74 billion by 2020108.
Reuters reports that the government sector is expected to dominate the market landscape,
with the major applications including security & surveillance, authentication, and law
enforcement. These projections are based on current market demands, and the technology
is projected to move into the consumer sector even faster and to see a greater growth
pattern.

Tractica forecasts revenue from emotion analysis will increase to $3.8 billion by 2025109

Emotion and Executive Coaching Reports
Affective Computing Market by Technology, Software, Hardware, Vertical, and Region - Forecast to 2021
https://www.marketsandmarkets.com/Market-Reports/affective-computing-market-130730395.html
Affective Computing: IBM HorizonWatch 2016 Trend Brief
https://www.slideshare.net/HorizonWatching/affective-computing-ibm-horizonwatch-2016-trend-brief
Key Trends in Executive Coaching - The 2016 Ridler Report
https://www.managingchange.org.uk/news-and-views/key-trends-in-executive-coaching-the-2016-ridler-report

108 https://www.reuters.com/brandfeatures/venture-capital/article?id=30299
109 https://www.tractica.com/newsroom/press-releases/emotion-recognition-and-sentiment-analysis-market-to-reach-3-8-billion-

by-2025/
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