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Abstract. During the different educative processes in the high school or
university, a student feels different emotions. For instance, physiological
stress has mostly experimented during exam periods, when there is academic overload, in new topics or learning too focused on memorization.
Additionally, the stress has been associated with chronic diseases (e.g.,
heart diseases, faults in the immune system, anxiety or headaches). In
line with these notions, in this paper, we introduce the idea of measuring emotions in order to empower the educative processes by providing
relevant emotional information of all stakeholders involved in the educational task. This kind of information is highly useful for analyzing new
educational methodologies or for evaluating the current educational approaches (educational institutions), and for students because it will allow
a possible optimization in their teaching-learning process. Regarding the
results, we present a preliminary experiment to evaluate the emotion
detector, which obtained an accuracy of 79.17%.
Keywords: educational approach · emo-aware architecture · real-time
emotion detection · physiological stress
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Introduction

The stress and its influence on the life of the humans have been resumed at
present with great force, driven by the new theoretical conceptions assumed, its
recognition as a disease or its association with multiple alterations of the normal
functioning of the organism. Despite its insertion in the field of medical, social
and educational sciences, a general consensus among experts on the definition
of the term stress has not been achieved. This situation has generated a conceptual, theoretical and methodological diversity reflected in a wide range of
research collected in many studies. Academic stress is a systemic process, of an
adaptive and essentially psychological nature, which occurs when the student is
subjected, in school contexts, to a series of demands that, under the assessment
of the student, are considered stressors; when these stressors cause a systematic
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imbalance (stressful situation) that manifests itself in a series of symptoms (indicators of imbalance); and when this imbalance forces the student to carry out
coping actions to restore the systemic equilibrium [22].
According to Arias-Gundı́n and Vizoso-Gómez [3], the main factors that generate stress in people are: poverty, constant changes in the employment situation and social, pollution and competition among co-workers and classes. Several
studies agree that entering university or school represents a set of highly stressful situations, due to a lack of adaptation to the new environment. This kind
of stress can be classified as academic stress, it is expressed for example, during
exam periods [5] [16] [23], when there is academic overload [5] [16] at the beginning of the in the courses [23], a teaching and learning focused on memorization
[16], when there is a lack of time [23], the demands of some subjects [16], during
the interventions in public [23], at the moment that there are methodological deficiencies of the teaching staff [23] and when unsatisfactory results are obtained
[23]. For an educational institution, it is important to know the main academic
stressors in its students, given that stress has been associated with chronic diseases [20], heart diseases [20], faults in the immune system [20] , anxiety [16]
[21], headaches [16], anger [21], metabolic and hormonal disorders, depression
[16] [20] [2] , sadness [16] [21]; irritability [22] [2], decrease in self-esteem, insomnia [22] [2], even with asthma [22], memory and concentration disturbances [2],
affecting both the health and the academic performance of the students [22].
Therefore, it is important then to carry out these kinds of studies that will
be useful; firstly for the students, because it will allow them to increase the
theoretical knowledge on the subject and with it, a possible optimization in
their teaching-learning process and secondly, for the institution, because it will
allow them to have knowledge about stress of the students who are part of it.
Finally, the paper is organized as follows: Section 2 discusses the background
and the related works on human emotions. Section 3 presents the architecture
and the algorithms used in our stress detector. The description of the experiment
and results are presented in Section 4. Finally, conclusions and future work are
discussed in Section 6.

2

Human emotions

Emotions are located in many parts of the brain. Cognitive responses are located
in the cerebral cortex, mainly in the prefrontal area. Also, they imply changes
in human behavior, autonomic nervous system, and neuroendocrine alterations.
The cerebral centers involved in these processes are located in subcortical regions, in the limbic system and the brain stem [7]. The amygdala is a brain
structure located in the limbic system that has historically been directly related
to emotions, it has the size and shape of an almond and its direct electrical stimulation produces subjective reactions of fear and apprehension [7]. Additionally,
the autonomic nervous system is responsible for the physiological activation of
the person. It is a basic survival mechanism that allows us to mobilize many of
the resources available for rapid action. Before the perception of a threat acti-
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vates the sympathetic autonomous nervous system that would produce a series
of changes in the viscera that are detailed below. While if there is no perception
of threat and everything goes smoothly, the parasympathetic nervous system
remains activated. According to specific stimuli, the autonomic nervous system
changes the behavior of a determined physiological signal.
In this context, human emotions recognition has been investigated in different
computer science fields. For instance, in video games, Tognetti et al. proposed
to detect enjoyment in a racing game [24]. In software engineering, Muller and
Fritz presented a method to recognize the perceived difficulty of developers [17]
and in other work the frustration and the happiness [18]. Also, we can find
more proposals in the literature such as Healey and Picard [11], Tognetti [24],
Muller and Fritz [18], Lee et al. [13] or Leon et al. [14]. Overall, the different
proposed works use different data sources to recognize emotions (e.g., images,
microphone data, physiological signals or text). However, according to [7] physiological signals (e.g., heart rate, electroencephalography, electrodermal activity,
electromyogram or electrocardiogram) provides a reliable way to recognize emotions because this theory is based on detecting automatic physiological responses
of the body. For our practical case of education, we use Electrodermal activity
(EDA) as a source of data because EDA is one of the best real-time correlates
of stress [11]. EDA is a psychophysiological parameter that reflects the activity
of the sympathetic nervous system [8]. It could be interpreted as the level of
activation of the subject. In other words, when the subject is very activated
(i.e. high emotionality) the electrical conductance of the skin increases; on the
contrary, when the subject is little activated (relaxed), the conductance of the
skin decreases.
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Emo-aware education approach

Figure 1 shows the architecture of our proposal; which is addressed not only
for one person but also for many students (e.g., students of a course). On the
left side, each user uses one or more physiological sensors (e.g., E4-wristband3 or
Moodmetric ring4 ); in case of the E4-wristband, this device is placed on the wrist
of the non-dominant hand of the subject. Also, the collected signals are the input
of the real-time emotion detector module. This module has the responsibility to
determine whether the user feels an emotion or not; for this paper, the physiological stress was selected as target emotion, in other words, the detector will mark
a label of ”stressed” or ”not stressed”; for that objective, we have implemented
the pre-processing steps (see Section 4 for details) proposed by Bakker et al. [4]
for arousal detection in an integrated pipeline to enable real-time processing.
Next, this information is input for the inference engine component, which according to the set of assessment rules in the rule base, it decides which metrics
will be sent to the messaging application module. This last module provides relevant information about each student in the experiment to the stakeholders (e.g.,
3
4

https://www.empatica.com/research/e4/
http://www.moodmetric.com/
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professors, teachers or researchers). Finally, it is important to remark that each
physiological sensor placed on the subjects is directly connected by Bluetooth
to the inference engine module; in other words, the inference engine also works
as a server to receive all information.

…

Rule base
Real-time
emotion
detector

Inference
engine

Messaging
application

Sensors

Subjects
Fig. 1. Architecture of the emo-aware proposal.
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Preliminary results

In this section, we present the first stage of experiments to analyze the performance of the primary module (i.e., real-time emotion detector) of our approach.
First, it is presented the description of the algorithms used for detecting physiological stress; next, it is presented the details of the experiment and the obtained
results.
4.1

Real-time stress detector

As the real-time emotion detector is the primary module of our approach, then it
is necessary to ensure a good performance of this module for the correct working
of the complete pipeline. Therefore, the goal of this preliminary experiment
is to evaluate the performance of the real-time stress detector in terms of its
accuracy. As was mentioned before, the stress detector is based on a change
arousal detection approach proposed by Bakker et al. [4].
As we use signals is required a previous step of noise filter applying a median
filter over a moving window of size n = 100 EDA samples. After it is applied
an aggregation process of one value for each 240 EDA samples. Next, the data
is discretized using the symbolic aggregate approximation (SAX) method [15].
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Finally, we use a change detection algorithm based on ADaptive WINdowing
(ADWIN) method [6]; basically, this algorithm analyzes the statistically significant difference between two consecutive splits. For instance, given φ1 and φ2 as
the means of two splits of a sequence of EDA signals, then |φ1 − φ2 | >∈cut is
the condition for a change detection that is computed with the Equation 1.
r
∈cut =

2
2
2
2 2
.σ .ln +
ln
m W δ0
3m δ 0

(1)

2
where σW
is the variance of the elements of W. δ is the desired confidence
0
and δ = δ/(ln n) [4]. Figure 2 shows the output the algorithm detecting a stress
change.

Fig. 2. Stress detection using ADWIN algorithm.

4.2

Experiment

The goal of this preliminary experiment was to evaluate the accuracy of the
real-time stress detector, for that objective the following research question was
proposed:
What is the accuracy of the real-time stress detector able to recognize physiological stress changes in semi-controlled conditions?
To achieve this objective, we use two different stressful5 (i.e., the Stroop Task
[12] and an environmental noise [19]) for generating stress on participants, and
the stress detector can detect these emotional changes. Also, the used stressful is
5

A stressful is any stimulus that generates stress on the user.
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defined as the independent variable, and as dependent variables, the user stress
state (measured by the stress detector) and the reported stress by the subjects.
The experiment involved 14 subjects (i.e., master students and Ph.D. candidates), whose ages ranged between 21 and 32 years old. The experiment lasted
about 30 minutes; where the subjects interacted with the two stressful by five
minutes each one. All subjects used the E4-wristband, that is a wearable device
that offers real-time physiological data acquisition. Additionally, after of the interaction with the stressful, all participants are asked to complete a questionnaire
about their stress perception (self-report stress). Overall, comparing the results
of the stress detector and the reported stress by the subjects, the real-time stress
detector obtained an accuracy of 79.17% (to compute the accuracy we use the
Equation 2).
accuracy =

TP + TN
TP + TN + FP + FN

(2)

Where TP indicates true positives, TN true negatives, FP false positive and
FN false negatives. In this case, examples where reported stress and stress detector are labeled as stressed are considered as true positive.

5

Applications

The recognition of physiological stress on students is a valuable information for
different stakeholders and this information could be used with different proposes.
In line with this notion, in this paper we identify two potential applications,
which are explained as follow.
5.1

Evaluation of teaching-learning processes

In the last decades, from economic, political and social spheres, one of the main
objectives of the education, in any of its levels, is the quality. The legal educational regulations have emphasized this demand and for which various projects
and institutions have been launched, in order to achieve the highest levels of
quality in Peruvian institutions. In addition, there is a need for accountability,
demanded by society, with the interest of planning improvement processes that
provide as a result the increase in the quality of the education system. In which
undoubtedly, the evaluation plays an important and necessary role.
Initially, the evaluation was an activity carried out by those who were in a
position of power, authority or superiority over the people who are evaluated.
In this way, the evaluation has served and serves for the selection of people, for
the qualification of the apprenticeships, for the promotion within the system or
for the certification of socially recognized qualifications. However, the evaluation is not a process that consists of controlling and demanding the evaluated,
but it is a process of reflection that requires us all to commit to knowledge and
improvement. One of the intrinsic reasons for the need for evaluation is that
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an educational program cannot be designed and developed effectively and efficiently without the evaluation phase is naturally present. Therefore, the value
of evaluation as a quality factor can hardly be denied. Being aware of the need
to promote evaluation procedures that address the needs, already mentioned, of
accountability and improvement of teaching, a potential use of this emotional
information is in the evaluation of educational processes.
Contextualizing in the educational area, it is possible to evaluate the negative
emotions that could generate the methodologies that use a teacher, the teaching
process, the selected educational competencies, the educational material, or the
number of hours in which the students stay in an institution. In line with this
notion, it is important to carry out these type of evaluations together with
psychologies who can supportand orient about emotional intelligence topics that
could be useful for managing emotions in relation to students behavior.
5.2

Prevention of chronic diseases

Stress as a psychophysiological response of the organism due to external or internal factors (classified as stressors). Stress can complicate the health of people
and consequently, it could result in chronic diseases. Regarding the educational
area, stress can affect both teachers and students even reaching more aggressive
pathologies such as Burnout Syndrome [9] which is an emotional disorder that
is linked to the workplace (e.g., schools). This syndrome can have very serious
consequences, both physically and psychologically.
Therefore, the collection of emotional information takes on a crucial importance in order to make quick decisions in order to avoid and/or prevent
this problem from worsening. In our proposal, the collection of information is
obtained objectively, appropriately and in real-time, unlike other conventional
procedures, to provide true data that help identify cases that require prompt
help and derive this information to the corresponding professionals avoiding so
that the problem becomes chronic. This information collection could be done
during a month, approximately, both to professors and students and from the
information that is obtained begin to plan actions oriented to the prevention
and treatment of stress.

6

Conclusions and future works

The academic stress whose source is in the educational environment is a question
that affects the students’ learning and their well-being.
In this paper, we present an emo-aware architecture for providing emotional
information of students (from high school or university) during a teachinglearning process. We argue that this kind of emotional information is fundamental to understand the different behaviors in the student reactions involved
in a teaching-learning process. Another important contribution of our approach
is for the students, which can use the information collected from themselves
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to analyze their learning difficulties and after to make decisions about how to
optimize their educational processes.
In the first stage of experiments (analyzing only the real-time emotion detector component), an experiment was conducted with 14 subjects using the
E4-wristband device to gather physiological data (physiological sensors). Comparing the outcome of our stress detector with the reported by each subject
(perceive stress), the real-time stress detector obtained an accuracy of 79.17%.
Overall, we can conclude the real-time emotion detector based on stress recognition has had a good performance for detecting physiological stress in semicontrolled conditions (i.e., in a room), because this result show a good accuracy
in comparison with other machine-learning based on recognition methods, due
to it oscillates between 70% and 85% [1, 10], values reported in the literature of
stress recognition using physiological data.
As part of our future work, it is important to generate interest in future
research in which academic stress is the focus of attention, because it is necessary
to prevent or even cushion the effects of stress in students, although it may seem
to some to be unimportant in comparison with others, it is closely related to
undesirable alterations, such as memory failures at the moment of performing a
stressful test, or failures in the learning process itself. Also, we plan to conduct
a series of simulation-based experiments to assess our inference rules. Then, we
plan to conduct experiments with multiple groups of subjects for evaluating the
relevance of the information delivered by our prototype application.
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de salamanca. Rev. enferm. CyL 6(2), 98–105 (2014)

10

Suni Lopez et al.

24. Tognetti, S., Garbarino, M., Bonanno, A.T., Matteucci, M., Bonarini, A.: Enjoyment recognition from physiological data in a car racing game. In: Proceedings of the 3rd International Workshop on Affective Interaction in Natural Environments. pp. 3–8. AFFINE ’10, ACM,
New York, NY, USA (2010). https://doi.org/10.1145/1877826.1877830,
http://doi.acm.org/10.1145/1877826.1877830

