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The 4 Industrial Revolutions (by Christoph 
Roser at AllAboutLean.com)
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“In the years ahead, 
further exciting innovations 
will unify the software, 
hardware and services in 
people’s lives, offering 
them even richer, more 
engaging and deeply 
connected experiences.”

Bill Gates, Outlines Vision for the Digital 
Lifestyle (2006)
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“Computing is not about computers any more. 
It is about living.”
Nicholas Negroponte
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Josh Sutton, Publicis.Sapient, 2016
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Le Corbusier (architect 1887-1963)

“A house is a machine for living in”

Vic Callaghan (UEssex 2000) 

“A building is a robot we live inside”
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Apresentador
Notas de apresentação
Os primeiros ambientes exemplo as casas, os prédios…Corbusier – com as casas com novos materiais e funcões
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Pattie Maes (MIT)

"Ambient Intelligence envisions a world where people are surronded by Intelligence 
and intuitive interfaces embedded in the everyday objects arround them"

Elisabetta Farella (University of Bologna)

“These interfaces recognize and respond to the presence and behavior of an 
individual in a personalized and relevant way”

Juan Carlos Augusto (University of Ulster)

“A digital environment that helps people in their daily lives, in a sensible way”

9
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Apresentador
Notas de apresentação
Pela primeira vez os computadores começarão a trabalhar para nós em vez de sermos nós a trabalhar com eles”Ulster Reino Unido
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ce Ambient Intelligence presents a new approach to the surrounding 
environment, where devices are spread everywhere (ubiquity), 
eventually included in objects (embedded systems), allowing the 
human being to interact in the real world in an intelligent and discrete 
way (pervasive computing). 

These environments should be aware of people's needs (contextual 
awareness), with custom requirements and forecasting behaviours.
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Apresentador
Notas de apresentação
SENSITIVE and USER CENTERED ENVIRONMENTUbiquituos / Embedded / Pervasive
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Apresentador
Notas de apresentação
Providing servicesThe Ambient Intelligence can be seen as the continued providing of services to users.The context information follows the user as it moves between environments.
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Apresentador
Notas de apresentação
Crowdsignals.io
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Apresentador
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Crowdsignals.io
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Things one can do at a large 
scale that cannot be done at a 
smaller one

Bi
g

Da
ta

15



The Role of Non-Intrusive Approaches in the Development of People-Aware Systems

ISLab, Universidade do MinhoPaulo Novais

Extract data from
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How do people
interact?
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There is, currently, a 
significant interest in 
consumer electronics in 
applications and devices 
that monitor and 
improve the user's well-
being

17

Apresentador
Notas de apresentação
This is one of the key aspects in the  development of Ambient Intelligence systems
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Nonetheless, existing approaches are 
generally based on physiological sensors
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Apresentador
Notas de apresentação
which are intrusive and cannot be realistically used, especially in Ambient Intelligence in which the transparency, pervasiveness and sensitivity are paramount
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We propose a new approach to the problem in which 
user behavioral cues are used as an input to assess 
inner state.

Our reactions to everyday events, our behavior, are a 
result of our inner state. 

If we interpret someone’s behavior, we are able to 
“guess” how she/he feels.
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Main goal: a non-intrusive system for acquiring
contextual information about human users;

This will allow the development of unobstrusive, 
pervasive and sensitive Ambient Intelligent Systems;

This innovative approach has been validated by 
research in the last years.

20

Apresentador
Notas de apresentação
In this paper I will describe this approach and show some of our results



Current State
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0 The ISTAG proposed 4 scenarios that would be reality by 2010

One describes 'D-Me‘: an avatar of the user, which constantly 
monitors the user's behaviors, so as to build a complete and
up-to-date prolfie

This avatar, embodied in the clothes of the user, can then take 
some decisions that resemble the ones that would be (and 
were) taken by the user, in similar situations

22

Apresentador
Notas de apresentação
There is no need to dwell on the fact that nowadays, 5 years past the envisioned 2010, most of these scenarios are nearly as ctional as they were in 2001, despitesome advances. The reasons for this are numerous and, interestingly, often increase with each technological advance, i.e., the steps taken to implement these scenariosoften raise challenges of their own.
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Main characteristics: sensitive, responsive, 
adaptive, transparent, ubiquitous, and
inteligente

Some of these characteristics depend on
technological evolution

23

Apresentador
Notas de apresentação
For instance, ubiquitous and transparent depend on advances in pervasive computing. Intelligent depends, mostly, on contributions of certain fields of Artificial Intelligence.
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On what does the sensitive characteristic depends?

Traditional answer: on the development of sensors, 
especially physiological sensors (hard sensors)

Our answer: on the development of soft-sensors, 
especially behavioral ones

24



Traditional approaches
A c q u i s i t i o n o f i n fo r m a t i o n fo r

S t r e s s

Fa t i g u e

P e r fo r m a n c e
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followed to acquire information about an 
individual
(1) Questionnaires or surveys, used mostly by 

psychology
(2) Physiological sensors, used mostly by 

medicine
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Are an inexpensive approach to collect vast 
amounts of information
Do not represent a very significant effort for 
the researcher
Easy to compile data
Can be administered either by the 
researcher or by anyone else, possibly 
remotely
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• Self-Report
• Questionares
• Fatigue Index

28

Apresentador
Notas de apresentação
 there is the group of the subjective measures, which consist of questionnaires or other self-report mechanisms in which people state their level of fatigue in a numerical scale.
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Apresentador
Notas de apresentação
FSS (the Fatigue Severity Scale) is an example of such a tool. After the individual answers 9 questions, a fatigue score is computed. 
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Apresentador
Notas de apresentação
Another one is NASA-TLX altough more meant to task performance rather than a general feeling of fatigue.
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rs Are very precise in assessing the state of an 

individual (e.g. stress, fatigue, emotions)
Can be used as a basis for medical treatments
Biofeedback units combine feedback from 
multiple bodily functions such as brain waves, 
muscular response or skin conductivity
Are nowadays relatively small and price is 
dropping, although sometimes still expensive
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Apresentador
Notas de apresentação
Alternatively, technological advances and medical research led to a highly precise approach to the problem, based on a range of sensors that measure physiologicalor neurological eects of processes such as stress, fatigue or emotions on the human body



The Role of Non-Intrusive Approaches in the Development of People-Aware Systems

ISLab, Universidade do MinhoPaulo Novais

St
re

ss
 E

st
im

at
io

n

32

Apresentador
Notas de apresentação
There are many different ways to measure stress.We can measure the levels of cortisol on blood or on the saliva…
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Apresentador
Notas de apresentação
We can measure the level of this hormone which is released in the center of the brain and accessible in the cerebrospinal fluid.
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Apresentador
Notas de apresentação
We can use electroencephalograms, which are not that invasive but still…
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Apresentador
Notas de apresentação
We can use a variety of other approaches such as all the different physiological sensors…
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Apresentador
Notas de apresentação
We can even rely on questionnaires that the person fills in in order to determine their level of stress. The problem with all these approaches is that, although they are accurate, they are invasive, impracticable and are not in real-time.We cannot expect someone to be relaxed if the person feels he is being monitored. 
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and monitor mental fatigue:
• Physiological Measurements
• Human Performance
• Subjective Measures

37

Apresentador
Notas de apresentação
Concerning the detection of fatigue, it can be generally be carried out in three ways:
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ts A way of measuring mental fatigue is to measure the 
physiological responses it causes on the body

38

Apresentador
Notas de apresentação
Approaches based on physiological measures, either based on the brain, eyes or hearth, have the disadvantage of being expensive and require specific hardware to be used in also a specific way. There are however unquestionably accurate.
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Apresentador
Notas de apresentação
Smartcap is an example of a project that uses such an approach. It monitors fatigue trough brain activity (EEG (electroencephalogram) and sends the data to central monitoring server.
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Apresentador
Notas de apresentação
Eye Check is another system, in this case based on the analysis of the human eye, in which the aim is to detect fatigue and alert the user so as to avoid accidents while driving machines. 
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Apresentador
Notas de apresentação
This kind of approaches is starting to be used in e-learning systems or in offices or similar workplaces.
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Questionnaires
• Slow, no real-time
• People can lie or hide certain aspects
Physiological Sensors
• Can be expensive
• Intrusive
• Have wires or require batteries
• Have very specific placement needs

42

Apresentador
Notas de apresentação
These approaches cannot be realistically used in an AmI system to aquire data about users



A new view on the
problem

43



The Role of Non-Intrusive Approaches in the Development of People-Aware Systems

ISLab, Universidade do MinhoPaulo Novais

O
ur

 a
pp

ro
ac

h

44

Apresentador
Notas de apresentação
In order to address this problem we are following a multi-modal and personalized approach. Multi-modal in the sense that it is based on inputs from the four dimensions, in order to perceive the effects on the subject as accurately as possible. Personalized in the sense that it is based on personalized behavioural models of acting before stress.
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• Take advantage of our interaction
• Promise of exciting new applications
• Improve poor interaction mechanisms

45

Apresentador
Notas de apresentação
To pursue this line of research we are motivated by several issues: We nowadays interact more with our devices than with most of the people around us. If properly programmed, these devices can get to know us better than this people around us and support:The development of new applications with objectives never before achieved such as the management of fatigue or stress, adaptive software, etc.Another especial motivation will be addressed in the following slides: we wish to improve the poor interaction mechanisms and the lack of context information that exists currently in online settings.



The Role of Non-Intrusive Approaches in the Development of People-Aware Systems

ISLab, Universidade do MinhoPaulo Novais

M
ot

iv
at

io
n

46

Apresentador
Notas de apresentação
Now imagine someone saying something like this to you. If this persons says it to my face I will see that she is lying: she is blushing, the mouth is tight, the eyes are wide open and the eyebrows are raised. That is, her body language tells me much more than her words. Now imagine decoding the same amount of information from a chatroom…
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Apresentador
Notas de apresentação
One of our aims is to allow people to better understand each other while communicating. Take this image for instance: someone is saying a really angry and upset NO! But the person on the other side sees  plain no, with no context information to tell that it is a really bad one-. Why?
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Apresentador
Notas de apresentação
Because a lot of important information such as ……… was lost during the communication process. We want to prevent that all this context information is thrown away when the information is transmitted. Either when we interact with other people or with the computer.



Behavioural Analysis
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Apresentador
Notas de apresentação
To achieve these goals we have been doing research in the field of Behavioural Analysis. Essentially, we want to know how people behave in certain situations and infer their state from that behaviour. Here are some of the aspects that we have addressed in these last years:
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• Estimate Stress and Fatigue in a non-invasive way

• How we do it
• Analyzing the behavior of the users when interacting 

with technological devices
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Apresentador
Notas de apresentação
In that sense we are developing an approach on stress and fatigue assessment based on behavioral analysis: If we know how each person behaves under different levels of stress or fatigue, we might be able to analyze the behavior of the person in real time to determine the level of stress or fatigue.We do it by analyzing the way the person interacts with technological devices such as smartphones, tablets, keyboards or mouses and by analyzing how the person moves, using video cameras and accelerometers.  
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Apresentador
Notas de apresentação
In that sense, we develop a multi-modal model consisting of two big groups of inputs: predictive and diagnostic. Predictive inputs include data that is more or less established in a static profile of the user, such as his context (economical, social, historical), his profile (age, gender…), his goals (for example in the context of conflict resolution the goal may be to win all at all cost) and his trait (e.g. how does the person usually behaves in a situation)Diagnostic inputs are the ones acquired in real-time that describe the four dimensions being studied: physical, phsicological, behavioural and performance. We will be focusing our presentaiton on these ones. 
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Apresentador
Notas de apresentação
In order to acquire information about such inputs we are studying a wide range of different features, provided by these devices. (enumerar algumas…)
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• All things that organisms do—including acting, 

thinking, and feeling—can and should be 
regarded as behaviors

• Psychological disorders are best treated by 
altering behavior patterns or modifying the 
environment

• Behavior can be studied in a methodical and 
recognizable manner with no consideration of 
internal mental states

53

Apresentador
Notas de apresentação
To understand how we use behaviour we must first address some concepts of behaviourismThe main ideia behind behaviorism is that everything we do can and should be regarded as behaviors. As a discipline from Social Science, behaviourism emerged as a way to treat psychological desorders through changes in behaviour patternsThe behavior can be studied independently of concepts such as “the mind” or “mental states”
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n AIDS prevention

Conservation of natural resources

Education

Gerontology

Health and exercise

Industrial safety

Littering

Medical procedures

Parenting

Seatbelt use

Severe mental disorders

Sports

Zoo management and care of animals

…
54

Apresentador
Notas de apresentação
Behaviorism has many fields of application. Some of the best known are in AIDS prevention (e.g. campaigns in television), conservation of natural resources (e.g. inducing people into saving power), Industrial safety (e.g. campaigns to reduce accidents at work), among many others.
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• Behavior is the activity of living organisms. 
Human behavior is the entire gamut of what 
people do including thinking and feeling

• Behavior can be determined by applying the 
Dead Man's test:
• If a dead man can do it, it isn't behavior. And if a 

dead man can't do it, then it is behavior

55

Apresentador
Notas de apresentação
Let us not define what is a behavior. A behavior can be seen as all the activity of a living organism, including what the organism thinks and feels.Based on this definition, a popular test to determine whether something is or is not a behavior was defined: the dead man’s test. It says that if a dead man can do it, it is not a behavior. If a dead man cannot do it, then it is a behavior.
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individual's behavior is modified by its 
consequences

• It may change in form, frequency, or strength
• Is the result of reinforcement and punishment
“studying hard for a particular class will result in 
good grades”

56

Apresentador
Notas de apresentação
Let us now see some concepts that will allow us to better understand the remaining of the presentation.Operant conditioning: this is a voluntary form of learning in which an individual performed an action, saw its consequences, and started to change his behaviour in order to achieve such desirable consequences more often. The behaviour may change in form (when we start/stop doing something else), in frequency (when we do something more/less often) or in strenght (when we do something harder).It is the result of reinforcement and punishement (explained in the next slides).A common example is the one of a student that notices that when studying harder he starts having better results in the exams. 
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g • All organisms respond in predictable ways 
to certain stimuli

• These stimulus–response relations are 
called reflexes

• The smell of food (stimulus) elicits a dog's 
salivation
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Apresentador
Notas de apresentação
Respondent conditioning (also known as classical conditioning) is a little bit different: while operant conditioning is a form of learning in which a behaviour is stimulated by its own consequences, in respondent conditioning the behavior is stimulated by a stimulus that comes paired (The stimulus triggers the behavior).A common example is a dog salivating with the smell of food. If a given sound or action is paired with the smell of food, after a while the dog will start salivating when hearing the sound or detecting the action.
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A stimulus is an "energy change” that affects 
an organism through its receptor cells
A stimulus can be described:
◦Topographically by its physical features
◦Temporally by when they occur in respect to the 
behavior
◦Functionally by their effect on behavior

58

Apresentador
Notas de apresentação
The concept of stimulus is important but can be difficult to define. We consider a stimulus to be an “energy change” that affects an organism through its receptor cells. These cells should be seen as abstract input points, they can be our skin, our eyes, our thoughts, or any other thing through which we interact with the environment. A stimulus can be characterized according to different dimensions, namely according to its physical features, the time of occurrence in respect to the behavior, or by their effect on the behavior. 
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• The environment is the entire constellation 
of stimuli in which an organism exists

• This includes events both inside and 
outside of an organism

59

Apresentador
Notas de apresentação
The environment must be seen not as a physical one. In fact, the environment is the whole universe of stimuli in which the organism exists, including outside of the organism as well as inside (e.g. our muscles, our nervous system)
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• Reinforcement is the most important principle 

of behavior
• It is the process by which behavior is 

strengthened, if a behavior is followed closely in 
time by a stimulus and this results in an 
increase in the future frequency of that 
behavior

• May be positive or negative
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Apresentador
Notas de apresentação
The principle of reinforcement is central in behaviorismIt denotes the process in which a given behavior is strengthened when followed closely in time by a stimulus, resulting in na increase in the future frequency of the behavior. A traditional example is the one of giving a doc a treat whenever he performs a trick (the trick is the behavior, the treat the stimulus). This example represents a positive reinforcement. Reinforcement can also be negative, when it is the absense of a stimulus that results in na increase in the frequency of the behavior. An example of this would be the reduction of the speed (behavior) on the highway reduces the number of speeding tickets (the stimulus): the less speeding tickets, the more I see that reducing speed is positive so that behavior is strengthened.
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• Punishment is a process by which a consequence 
immediately follows a behavior which decreases the 
future frequency of that behavior

• Like reinforcement, a stimulus can be added (positive 
punishment) or removed (negative punishment)

• Punishment can often result in unwanted side 
effects, and has therefore been used only after 
reinforcement-only procedures have failed to work
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Apresentador
Notas de apresentação
Another equally important concept is the one of Punishment. Punishment happens when a given stimulus follows a behavior that results in a decrease in the frequency of that behavior. For example, punishing a dog after misbehaving may result in a decrease in the frequency of the misbehaving (please note the “may” word, it is important…)Like reinforcement, when there is a stimulus it is positive punishment but it can also be negative punishment when it is the lack of stimulus that results in a decrease in the frequency of behaviour.Punishment however often results in unwanted side-effects. Going back to the example of the misbehaving dog, the dog may become violent after the punishment. In that sensem reinforcement procedures are always preferred.  



The Role of Non-Intrusive Approaches in the Development of People-Aware Systems

ISLab, Universidade do MinhoPaulo Novais

Ex
tin

ct
io

n
• The procedure of withholding/discontinuing 

reinforcement of a previously reinforced 
behavior, resulting in the decrease of that 
behavior

• The behavior is then set to be extinguished
• Extinction procedures are often preferred 

over punishment procedures that are 
frequently deemed unethical

62

Apresentador
Notas de apresentação
The concept of extinction denotes a process in which a behavior that was being previously reinforced ceases to exist because of the discontinuation of the reinforcement. When this happens the behavior is said to be extinct. Extinction procedures are also preferred over punishment. They can be accompanied, if possible, with the reinforcement of a behaviour with opposite consequences to the one we are extinguishing. 
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The Social Sciences tell us that, in applied behavior analysis, all experiments should include the following:At least one participant (we must have someone to study the behavior)At least one behavior (the behavior that we want to reinforce/punish/extinct)At least one setting (i.e., the environment in which we are making the study)A system for measuring the behaviour and ongoing analysis of the data (i.e. a simple and efficient system that allows us to accurately measure the behavior in an objective and pragmatic way, preferably with a visual and intuitive analysis of the data, in real (or almost real)-time).At least on treatment or intervention condition (i.e. we must have a plan to do something when we detect some behavior/stimulus/event)Manipulations of the independent variable (so that we can determine how changing the stimulus affects the behavior being analyzed)An intervention that beneficts the participant in some way (otherwise the exercise is futile).
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Let me now detail, step by step, how we are implementing the study of behavioral analysis following this approachThe first point is that there must be at least one participant. All the studies we have been performed include a minimum number of 15 people
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There must be at least on behavior to be studied. In fact, we have many behaviors (the ones detailed two slides back, in which we called them features)
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We must have at least one setting. Our setting, depending on the study, can be  ISLab, in the unversity of Minho as well as classrooms of high schools  or univerities, as in the case of the Health School of the Universidade do Minho. When needed, we devise applications to be used during the study. For example to study stress in the use of the smartphone we developed a game, that involved mental calculations and memorization. Each user played the game in two different moments, without stressors and with stressors, in the second case with increasing intensities. These stressors were things like unexpected vibrations of the device, game pressure, time limit, annoying sounds, among others. Data was collected for each user in the two different times to be compared. 
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To capture data related to the use of the mouse and the keyboard we developed a key and mouse logger that registers all the related events. This application is used to study the behaviour of peopl while working or of students when doing exams. 
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This is what allow us to see the evolution of the data and perceive the behaviour of the individuals and how it is being affected by the independent variables,To address this issue we will jump into the Results section to show the graphics that make the visualization of the data more intuitive.



Results
STRESS AND FATIGUE
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According to the experimental control, we also need a system for measuring the behavior and visually analyze the data. What we did, for each parameter, was to plot the data. This allowed us to see how a calm user (red line) and how a stressed one (blue line) behave. Black lines denote data from increased levels of stress. This allows us to see that, for example for this user, the maximum intensity of the touch is higher in higher levels of stress. The box-and-whiskers on the right show the same data. 
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The same is done here for the value of the mean intensity. We concluded, as these graphics show, that for most of the participants, the average value of the touch intensity increases as the level of stress increases. Again, a calm user is represented by the red line and a stressed one by a blue line.The graph on the right shows the same information. 
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These graphics now refer to the amount of movement of the participant. Interestingly enough, contrary to what was expected and as the graphics show, a stressed user tends to move less. We would expect a stressed user to gesticulate, to have sudden body movements but no, the stressed user generally is highly focused on the task he is performing, sparing no attention to other issues, thus moving little.
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This data concerns the duration of the touch. It depicts a behaviour that was observed in almost every participant: stressed users tend to have shorter touches than calm users.
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This shows the same analysis for the acceleration, in this case, the acceleration measured is higher when the user is more stressed, which means that his hands move more or in more intense ways when holding the handheld device.
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The analysis of the score, for this user, shows that it decreases as he reaches higher levels of stress
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For each of the features analyzed we perform a test of significance, allowing us to statistically assess the differences observed graphically. With this data we build a personalized model of the reaction to stress, i.e., each one of us reacts differently (e.g. some are more affected in the intensity of the touch, others in the amount of movement)Significance was assessed using the Mann–Whitney U test, with a significance level of 0.05
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This graph shows the features that have shown more significant results, for all the users
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Notas de apresentação
When we consider Fatigue, similar analysis are carried out. In the following slides we will briefly see some examples of the effect of fatigue on the interaction of the user with the computer when he claims to be fatigued and when he claims not to be.Concerning mouse acceleration, for example, it is possible to see that when the user is fatigued, the value of the acceleration decreases. Standard D. -> Standard Deviation, is a measure that is used to quantify the amount of variation or dispersion of a set of data values
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Likewise, the velocity of the mouse also decreases. 
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The time between each key tends to increase under fatigue, showing that the user writes at a slower pace.



The Role of Non-Intrusive Approaches in the Development of People-Aware Systems

81

Key Down Time

Apresentador
Notas de apresentação
The time a key is pressed down while typing increases which shows that, besides the previous conclusion, the user also spends more time while pressing keys.
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Concerning task-performance, we analyze the number of errors per key pressed and we can conclude that it tends to increase with fatigue. 
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We can then, similarly to stress, conduct an analysis of the evolution of the interaction throughout the day. Concerning the keydowntime, for example, we can see that it more or less increases steadily during the day, from around 86ms to more than 90: a very small difference but a noticeable one. 
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The velocity of the mouse decreases over the day and this decrease can be observed graphically.We have many other examples of this but we won’t go into further detail. Let us rather see what we can do with this information.
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Classifiers can also be built that take this data in real time and classify it as stressed or calm. As an example, we built a classifier for classifying touch patterns (the intensity curve during the time of the touch in the touchscreen) according to a fitted quadratic function. In this image we can see the touch pattern (orange line) and the quadratic curve that fits it. 
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The parameters of the quadratic curve can then be used to classify touches as stressed or notThe database used to train the classifier used data from the user
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Using the distributions we also provide a real-time value of the stress. As we now how a user behaves when stressed and when calm, we can compare the distribution being generated in real-time with the known ones (through the overlap of the confidence intervals) and provide a measure of the level of stress (i.e. when the real-time distribution is very similar to the stressed one, the user is probably stressed) . To implement this we use the mathematica libraries of Wolfram.



The Role of Non-Intrusive Approaches in the Development of People-Aware Systems

ISLab, Universidade do MinhoPaulo Novais

Re
su

lts

88

Apresentador
Notas de apresentação
This was the first version of the interface in which we could see in real time the information being generated (raw data and corresponding value of stress)
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This screen shows the computation of the level of stress. Red lines depict the data distribution of a stressed user, for a given parameter. Green lines depict the data distribution of a calm user. The blue line is the one that is being built in real time, to be compared.The rectangles represent the confidence interval of the two known distributions (red and green) and the grey one represents the real-time distribution.The amount of overlap of the Confidence Interval for each parameter tells us about the level of stress from that parameter.
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We are now working on this kind of interface. This one shows the evolution of the level of stress for each parameter and the overall level of stress.
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These interfaces allow to see the evolution of each parameter along time
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These interfaces allow to see the evolution of each parameter along time
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Continuing with the points of the experimental control, we said that we needed manipulations of the independent variable so that we could study its effects on the dependent variableWhat we did in this sense was to define stress as a weighted sum of the stress provided by each feature/parameter. The weight of each parameter is given by the significance of the parameter (received from the results of the statistical significance tests) and by the quality of the information (which includes the amount of information known about that parameter in a recent past (e.g. if the user has not touched the screen for a few minutes, the last information we had may be outdated…))
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The two last steps of the experimental control model were to have at least one treatment or intervention condition and that such intervention would benefit the participant in some wayThese two are dependent on the domain of application but will be something such as The treatment will be to notify the user when he is stressed and issue recommendationsIt will benefit the user by increasing his quality of life, quality of the work, etcIt will allow users to recognize the effects of fatigue an to improve their working habits and routines
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Let us now see briefly some case-studies and fields of application
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We are applying this research concerning stress to the field of online dispute resolution. The main problem currently is that people communicate online but do not share context information. It becomes very hard for the parties and above of all for the mediator to understand the state of each other. It is very useful to analyse the level of stress in order to take actions such as making a pause or continuing the other day. This may prevent emotions from escalating, allowing to preserve relationships. It will also allow parties to better understand each other and communicate more efficiently.
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Another case-study, this one more recent, is to apply this approach into moodle. The obejctive is to acquire information from students on a daily basis and also on the evaluation moments. Comparing this data will allow to understand, for each user, the subject that is being more difficult. This will allow the teacher to adjust his teaching strategies, according to what the individual student or the class needs more.



The Role of Non-Intrusive Approaches in the Development of People-Aware Systems

ISLab, Universidade do MinhoPaulo Novais

Fa
tig

ue
 M

an
ag

em
en

t

98

Apresentador
Notas de apresentação
We are also making contributions to the development of better fatigue management tools that can work in real-time and in a non-obstrusive way. This, we expect, will increase the use of this kind of tools that nowadays require questionnaires or physiological sensors and are, for this reason, not as used as they could and should be.
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There are however many more fields of application.The main one would be to create this context layer on top of services such as twitter, and transform this cold and neutral bird in an emotional and responsive bird, that shares much more information than words, like we do in our traditional communication mechanisms. Then, this could be used to analyse the behavior of profesisonals in many sensitive areas, in which people need to work in their best state or things could go wrong. These areas include healthcare, air traffic controllers, the stock market, among others…
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Easy to usePoint and follow
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In this project we are developing an application similar to the one of the images. However, while this one only quantifies the quality of the sleep, we are taking a step forward by crossing that information with daily behaviors (such as eating late, studying many hours, exercising, not exercising) in order to point out to the user behaviours that may be affecting positively or negatively the quality of his sleep.
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Redes Colaborativas como suporte a Ambientes Assistidos.Descrever as funções principaisRealçar  as facetas IA do projetoSistema de Decisão em Grupo – lida com informação incompleta e mede a qualidade de informação PhD LimaLocalização indoor e outdoorMonitorização de AALAprendizagem 
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This work is particularly focused on analysing behaviors in the context of online dispute resolution. It’s main objective is to classify the personal conflict handling style of the parties in a non-intrusive way, by analysing the nature of the proposals exchanged during a negotiation. Then it can intervene through the mediator or by notifying the parties themselves that they are sticking to unrealistic positions or that maintaining a given behavior is not likely to result in success.
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Data aggregation tasks (sumarize interaction features at 5 minutes interval, mean, median, variance)Classify data, if necessary
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Data aggregation tasks (sumarize interaction features at 5 minutes interval, mean, median, variance)Classify data, if necessary
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Data visualization (D3)
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Data visualization (D3) D3 is a JavaScript library for visualizing data
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• Just like Human-Human interaction, Human-

computer Interaction is richer in information 
that what we can see at first sight

• This information can be used to develop more 
intelligent and sensitive interfaces

• This is in-line with one of the main objectives of 
Human-computer Interaction
• To put the user in the middle
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• The work carried out in the last years 

shows  that:
• Processes such as fatigue and stress have an 

effect on the interaction patterns
• This effect can be measured in a non-invasive 

and continuous way
• Such information can be used to improve 

Human-computer Interaction
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“Siri and virtual assistants like her will soon change everything. I. Mean. Everything.” 
Mike Elgan, in Computerworld, Sep 21, 2015

“The speed of current breakthroughs has no historical precedent. When compared 
with previous industrial revolutions, the Fourth is evolving at an exponential rather 
than a linear pace. Moreover, it is disrupting almost every industry in every 
country.” 
Klaus Schwab, Founder and Executive Chairman, World Economic Forum 

“Looking to the future, the next big step will be for the very concept of the ‘device’ to 
fade away. Over time, the computer itself — whatever its form factor — will be an 
intelligent assistant helping you through your day. We will move from mobile-first to 
an AI-first world”
Sundar Pichai, Google CEO April 28 2016 
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