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Affective computing has been shown effective and useful in a range of use cases by
now, including human-computer interaction, emotionally intelligent tutoring, or
depression monitoring. While these could be very useful to the younger among us—
including in particular also earlier recognition of developmental disorders, usually
research and even working demonstrators have been largely targeting an adult
population. Only a few studies, including the first-ever competitive emotion challenge,
were based on children’s data. In times where fairness is a dominating topic in the
world of artificial intelligence, it seems timely to widen up to include children and youth
more broadly as a user group and beneficiaries of the promises affective computing
holds. To best support according to algorithmic and technological development, here,
we summarize the emotional development of this group over the years, which poses
considerable challenges for automatic emotion recognition, generation, and
processing engines. We also provide a view on the steps to be taken to best cope with
these, including drifting target learning, broadening up on the “vocabulary” of affective
states modeled, transfer, few-shot, zero-shot, reinforced, and life-long learning in

affective computing besides trustability.

max—Disney's inflatable health companion which

becomes the best friend of a young individual. But
would today's affective intelligence be able to pick up a
child or young individual's low mood? In fact, the lion's
share of works on automatic emotion recognition, gener-
ation, processing, or related fields, such as sentiment
analysis, are based on research on adult’s affective dis-
play. This comes for a number of reasons, primarily includ-
ing that their data—be it auditive, visual, textual,
physiological, or in other form—is easier to obtain and
share, e.g., due to lower protection standards. This is best
exemplified by the competitive research challenges held

‘ ‘I t is Alright to Cry” is a 2014 movie quote of Bay-
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in the field: While the first ever research challenge on
affect recognition—the Interspeech 2009 Emotion Chal-
lenge—was indeed based on children'’s voices, follow-up
challenges dealing with Affective Computing (e.g., AVEC,
Interspeech ComParE, MEC, OMG, and MuSe) featured
adults only—in particular those dealing, e.g., with depres-
sion. This appears unfortunate beyond the pure perspec-
tive of Al fairness leaving out a large share of the
population: in particular, aside from improving, e.g., child-
computer interaction and smart e-learning by integration
of artificial emotional intelligence, or inclusion of the
younger population share for depression monitoring,
some use cases are uniquely opening up to this group,
such as the earlier recognition of neurodevelopmental
disorders, such as autism spectrum condition, Fragile X,
or Rett syndrome by analysis of emotional cues or their
lack.! From this perspective, it appears obvious that
modeling of child and youth affect needs to be addressed
more richly. To this end, we herein provide an overview of
this challenge, the changes of affect over the years of
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development, and the arising demands for an Al modeling
these. In detail, we first justify the relevance and define
emotions of children and young individuals, then dive
deep into their development, including the different
stages over the years of development, before distilling
the according requirements for affective computing tar-
geting it.

In general, capturing emotions as early as possible
has many implications for an individual's well-being. Our
momentary performance, health, academic achieve-
ments, and social relationships greatly depend on our
emotions. In particular, how (un-)pleasant a particular
event is experienced directly addresses someone’s capa-
bility on how to deal with such an experience and may
challenge someone’s well-being in case of maladaptive
coping strategies or emotion regulation deficits. How-
ever, emotions are influenced by numerous factors, such
as subjective experience, memories, and context and
research proposed several theories to capture emotions.?
Emotion constructs are heterogeneous, hence, the objec-
tive, reliable, and valid assessment of emotions provides a
vast variety of measurements facing limitations, such as,
e.g, memory biases, and social desirability. Especially in
children and adolescents, those limitations are even
more striking, since emotions develop and are expressed
differently in the young. In addition, the younger children
are, the less the cognitive representation of an emotional
state is reflected.

The field of affective computing may overcome those
challenges and provides numerous assessment accesses
that may capture in real time a more objective emotional
representation. In addition, it allows us to simulate and
process affect, e.g,, for tutoring applications, interaction,
or entertainment. We will, therefore, now introduce the
emotional development in children and adolescents over
time and discuss possibilities on how they may best be
modeled by technological forthcomings using general
machine and deep learning approaches.

Although emotions are ubiquitous in people’s everyday
language and a major interest in psychology research,
there are numerous theories and concepts about emo-
tion definitions mirroring the complex interplay of differ-
ent components (sensory, cognitive, physiological,
expressive, and motivational) over time. Several emotion
theories have been developed in the past years, along
with most of which emotions are classified into three
dimensions: valence, arousal, and dominance. The defini-
tion of emotions by Gross and Thompson combines
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several key aspects of the emotion process that are
included in other emotion theories [e.g.,, Scherer's emo-
tional component process model (CPM),%3: “a person-sit-
uation transaction that compels attention, has particular
meaning to an individual, and gives rise to a coordinated
yet flexible multisystem response to ongoing person-situ-

ation transaction p. 5]. Three elements are highlighted:

1) emotions are produced, in case an individual is
appraising an external or internal event (e.g.,
mental representation) as meaningful,

2) emotions obtain several levels: a subjective
experience, behavior (including the expressive
response), and the physiological reaction,

3) emotions are tendencies of reaction, that can be
influenced by the individual (emotion regulation).

Similarly, the CPM? reveals the emotional process
that leads to an individual's perception and processing
of negative and positive life experiences.

As an extension of this model, the emotional compe-
tence model hypothesizes that mental well-being and
adverse psychopathology (e.g, anxiety, depression)
greatly depends on well-functioning emotional pro-
cesses. This depend on the individual's experienced emo-
tional response, their perception of the situation, and an
adequate appraisal and regulation of emotions. However,
these factors differ greatly in the context of early years
and depend on the cognitive as well as socio-emotional
development of an individual.

Despite the fact that emotions are ubiquitous and interin-
dividual distinctions are rather to be neglected, they vary
greatly among different developmental phases until
adulthood. In fact, the ability to perceive, interpret, and
regulate emotions is increasingly viewed as one of the
most important developmental tasks of childhood. Emo-
tions have several functions in a human being, such as,
e.g., protection from external potential danger (fear), poi-
sonous food (disgust), and an ally in a social group (affec-
tion). To achieve those life-supporting functions, specific
strategies of information processing, differential abilities
of attention control, or dealing with social situations, the
further affective, cognitive, social, and personality devel-
opment needs to be acquired.

Successful development of emotional competen-
cies is associated with the adequate expression of
several emotion components:

1) appraisal of a situation,
2) understanding,
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FIGURE 1. Youth emotional development.

3) perceiving the emergent physical, cognitive, and
representational feelings of emotion (in oneself
and others), and

4) regulating this representation.?

Adverse emotional competencies are associated
with negative behavioral outcomes, e.g., negative
interpretations of ambiguous situations are a core ele-
ment in depression. However, the acquisition of emo-
tions takes several years and includes various stages
of development, from preliminary emotions in infancy
to complex emotions.

As all components of emotions, the developmental
stages are not independent from one another and
although most individuals may show similar pathways of
emotion acquisition, developmental processes are not
linear. The emotional expression hereby serves to inter-
act with the surroundings and to communicate with
others. The facial expression as well as gesture, posture,
voice, and way of doing things, e.g,, playing and touching
may be part of the emotional expression.*

We now take a look at the development throughout
“discretized” time periods. For visualization of these,
see Figure 1. For a detailed description, refer to Table 1.

Infancy: Who is not familiar with a heartbreaking
baby's smile or an annoying baby’s crying? From the very
beginning, infants have the opportunity to express their
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feelings and needs (e.g., hunger), as they are not yet able
to satisfy their needs themselves, but depend on their
parents to fulfill them. Infants adapt quite quickly to how
to express their needs in order to attract their parents’
attention and predict their parent’s behavior.

Although emotion regulation develops later, new-
borns already possess some basic strategies or pre-
cursor emotions,* as they rely on signaling their
distress or satisfaction to attract attention to ensure
their care by the primary caregiver. Regarding the per-
ception of others’ emotions, newborns are perceptible
of their primary caretaker's emotional facial and vocal
expressions within the first weeks. They are able to dif-
ferentiate between negative and positive basic emo-
tions (comfort/discomfort; arousal).’ Infants show a
threefold emotional expressive behavior by showing
distress by crying and irritability, joy by smiling, and
attention and interest in their surroundings.®

At the age of three months, infants express joy and
begin to smile when they recognize known events (e.g.,
humans, animals) as well as sadness in case of an adverse
event (e.g., withdrawal of the mother's attention). Other
basic emotions, such as anger, frustration, surprise, and
fear, appear slightly later in the fourth to eighth months
since, e.g, fear requires more complex cognitive abilities.
However, those basic emotions or “action patterns” do
not need to be learned, but are innate in a human devel-
opmental program. An important developmental step in
the acquisition of emotions is the cognitive ability of
objective self-representation (recognizing oneself, e.g, in
the mirror, within six months). Due to this ability, the
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TABLE 1. Emotion development and emotional expression.

Age [ Emotion development [ Emotional expression
Infancy
First weeks Distress Crying, irritability, grimacing
Joy Smiling
Interest
3 months Joy ‘Social’ smile, excitement, laughing
Sadness Crying
Disgust Spill out
2-6 months Anger, frustration Fake crying
Social referencing: emotion regulation via others/caretaker
6 months Surprise Enjoyment of unexpected or odd
events
7-8 months Fear Hiding behind caregivers
9 months All basic emotions developed

12-24 months
empathy, envy

Self-conscious (exposed) emotions: Embarrassment, pride, guilt,

Hide behind hands, lower face,
blush

30-36 months Pride, shame

Diverse emotional expression abilities

Voice and posture

Early Childhood

3-6 years Basic emotional competencies: understanding the causes of one’s | Adoption of pretended expressive
own and others’ emotions behaviour, expression of ‘blended’
emotions
Recognise and name emotional expressions in faces and photos

Childhood

4-6 years Theory of mind: change of perspective Adoption of ‘cool emotional front’
with peers (5-7 years)

Understand true and false emotions: ability to recognise and produce
social and cultural desired emotional expressions (4-6 years)
Understand fake emotions (6 years +)

6-10 years Mixed and ambiguous emotions Appreciation of norms for expres-
sive behaviour, use of expressive
behaviour to modulate relationship
dynamics

Behaviour based emotion regulations
8 years Psychological emotion regulations (e. g., distraction)
Social situations as triggers of emotion more common (more common
in girls)
Adolescence
13-18 years More intense experience of and higher fluctuations in emotions Restricted emotion expression

emotion production

envy
Cognitive reappraisal

Meta-cognitions: Growing reflective abilities and flexible appraisal
including cultural, social, personal, and situational factors in the

Further development of disgust, anxiety and surprise, shame, jealousy,

Growing empathy and change of interpersonal perspectives

Skillful ~ adoption  of  self-

presentation strategies

social emotions of embarrassment, empathy, and envy
evolve. When the cognitive development proceeds fur-
ther and infants are capable of understanding expecta-
tions and rules by caregivers and culture, more complex
social emotions, such as pride, shame, guilt, and embar-
rassment, are emerging—hence, all basic emotions are
shown within the first nine months. To assess these emo-
tions, the facial expression only is not sufficient anymore;
voice and posture should be additionally taken into
account at this age. Already at the age of three, children
possess a variety of complex emotions in relation to cog-
nitive appraisal processes that will further differentiate
and transform in the following years. However, the basic
emotions remain the same within this process.
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Early childhood: Between the second and fifth
year, children take rapid steps in recognition and label-
ing of emotions.® From 18 months onward, the ability
of self-awareness emerges as an important precondi-
tion: more self-conscious (exposed) social emotions,
such as embarrassment, pride, guilt, empathy, and
envy, develop further in the second year.® Moreover,
between the age of two and three, children start to
distinguish between negative and positive emotions,
such as “sad” and "happy” and use those words in sim-
ple contexts. With processing age and language abili-
ties, the emotional vocabulary doubles between the
preschool age until the age of nine.” Going along with
more complex and differentiated emotion recognition
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and then emotion vocabulary. At the age of three, chil-
dren begin to understand how external events may
have an impact on the emotions of other individuals,
e.g., estimating someone else's sadness due to the
death of a pet. From the age of three, the causes of
one’s own and others’ emotions can be recognized
and named. At the age of six, children are almost per-
fectly able to categorize emotion expressions to spe-
cific emotion-related situations, 7 while two-year-olds
are especially good in recognizing situations related to
joy. With processing age, children take the facial
expression of emotion into account to identify the
emotional situation and are more and more skilled to
integrate several emotional cues.

Childhood: The development and differentiation of
basic emotional competencies take place between the
ages of three and six.® The acquisition of emotional com-
petence can be described as one of the most important
developmental tasks in toddlers and preschool age. It pro-
motes and forms a basis for other developmental areas.®
In addition, the ability of change the emotional perspec-
tives (see in the following: the Theory of Mind), differentia-
tion of true, false, and ambiguous emotions, as well as
emotion regulation are important steps within childhood.

Theory of mind: One major concept and important
developmental step in psychology is the ability of change
emotional perspectives—the so-called “Theory of Mind'—
children acquire at the age between four and six years.®
This includes the understanding of how human minds
function having an impact on someone’s behavior. In addi-
tion to nonvisible behavior, such as thoughts, dreaming,
forgetting, and sleeping, the Theory of Mind also includes
wishes, beliefs, perceptions, and feelings. Here, the first
step is the relation between the wishes and emotions of
others. Until the age of five, children are capable of antici-
pating someone else’'s emotional representation while,
e.g., three-year-old children still face difficulties in this
regard. For instance, a three-year-old child would state
that red cap is afraid of visiting her grandmother’s house
since the wolf is waiting there, while five-year-old children
already realize that red cap did not get this information
and cannot be anxious as a consequence.’ Harris et al®
discusses two processes in the acquisition of emotions
within the Theory of Mind: 1) a rapid, empathy-based pro-
cess that is primarily based on the wishes of the protago-
nist in a story and the 2) slower and more cognitive-based
process that is depending on the protagonist's expecta-
tions of an event in a story. The second process requires
further cognitive processing and apparently develops in a
dynamic manner from the age of four.

True and false emotions: An adaptive emotional
expression is a necessary skill to interact in an adequate
way in social situations (e.g., show piety at a funeral, or
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be serious in a job interview) that underlie certain social
and cultural display rules.® Hence, decoding and follow-
ing such displaying rules is another important step in
the development of emotions. At the age of three, chil-
dren are not yet capable of differing pretended or false
from true emotions. Children start to understand how
pretended emotions are used to manipulate others and
realize what effect fake emotions may have on others at
the age of five. For six- to ten-year-olds, the differentia-
tion of true and false emotions is not a problem any-
more. Interestingly, girls and boys show different
abilities in their masking behaviors: in two experimental
settings, girls were observed to show more positively
expressed emotions by receiving an unpleasant present
(in comparison to a pleasant present), while boys did
show less effort to mask their disappointment® The
older the children, the less negative was the emotional
expression in the case of disappointment in boys and
girls, however, the gender effect remained significant.
Apparently, children develop first the ability to control
the emotional display and the differentiation between
internal and external emotion representation (age four
to six), but understand later (age six years plus) the
meaning of the discrepancy.® The development of these
abilities is furthermore related to the general under-
standing of emotions and to how an emotional expres-
sion may influence others. For example, showing joy
over candy can encourage grandparents to provide
more supplies. Understanding emotions in others was
also shown to be helpful in recognizing emotions of their
social environment in seven-year-olds™® and hence, is
helpful guidance in social situations for adequate behav-
ior preventing social rejection.

Ambiguous emotions: Understanding and integrating
two (conflicting) emotions at the same time is a more dif-
ficult developmental task and therefore developing later
starting at the age of six. In experimental tasks involving
the presentation of a story with one negative and one
positive event, six-year-olds focused on only one event
(either the negative or the positive event) and neglected
the other.” At the age of eight to ten, children still face
difficulties in understanding that it is possible to experi-
ence two (ambiguous) emotions simultaneously. At the
age of 10, children were shown an understanding of
ambiguous emotions in relation to different contexts.””

Emotion regulation: Regulating how emotions are
expressed and experienced represents a basic skill for
social interaction and mental well-being.® However, this
skill is also rather complex and requires an advanced
developmental state. In Gross and Thompson's model,
two processes (internal and external) are responsible
for monitoring, evaluating, and modifying emotional
responses, including their temporal and intensity
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characteristics, to achieve one’s goals® p. 27). Between the
stimuli and response attention, the appraisal of a specific
situation tailors the resulting emotion.® E.g, talking in front
of others can be frightening if someone fears to say some-
thing unsuited and the consequent social rejection. Those
appraisals differ among the lifespan due to individual
learning experiences, e.g, the experience of laughter in
school due to a mistake. To actively intervene in the emo-
tion production, a person has several options within the
emotion production process (as shown in Figure 1):

1) situation selection,

2) modification of the situation,

3) attention focus,

4) cognitive reappraisal, and

5) direct emotion modulation via relaxation techni-
ques, substance (as drugs), or emotion display
restrictions.

Assessing emotion regulation is challenging in
research, as it is difficult to distinguish from “unregu-
lated” emotions as a control condition. Those emotion-
regulating processes vary on a continuum from con-
scious and controlled to unconscious and automatic.

Small children mostly depend on the support of
others to regulate their emotions (e.g., hugging while cry-
ing) and rely on “social referencing” beginning at the age
of six months.® Thereby, toddlers look for the emotional
reaction of their caregiver in order to regulate their own
emotions on this basis. At the age of one year, the paren-
tal emotional expression is the main important source,
especially the facial expression, and further extended in
the upcoming years to others like peers in school (and
emotional expressions sources). Furthermore, as children
grow older, emotion regulation shifts from the interper-
sonal to the intrapersonal realm, and emotion control
strategies become more advanced. This goes along with
the expectations of others to handle impulses and to
adapt to social norms and integrate into a social group
(e.g. wait until it is their turn).*

Although the emotion acquisition process is more or less
finalized within childhood, adolescence goes along with a
deeper and more complex development of emotional
competencies. Simultaneously, adolescence depicts a
special vulnerable phase due to hormonal and neurologi-
cal changes in the development. The great plasticity of
the adolescent brain allows environmental influences to
have a particularly formative impact on cortical circuits,
representing both an opportunity and a risk.” At the onset
of puberty, the activity of the prefrontal cortex increases,
going along with behavioral inhibition via anger and rage
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increases.* In a longitudinal study assessing everyday
emotions with ecological momentary assessment, 220
adolescents (aged 14-18 years) showed more negative
emotions than four years earlier.” At the same time, the
general mood was positive in 70% of the responses. One
interpretation is that the balance of affects is challenged
within adolescents. Furthermore, the experience of emo-
tions is more intense for both negative and positive emo-
tions and changes in rapid manner compared to children
and young adults.*™ It was further shown that the range
of emotional intensity was bigger, especially in girls, who
experience more fluctuation in intense positive and nega-
tive emotions. More negative emotions and higher fluctu-
ations were associated with negative experiences and
depressive symptoms. However, those sex differences
were larger in the early adolescence and diminished later
on (up to 18 years). Although adolescents experience
more intense emotions, this is not accompanied by a
stronger expression of feelings.* This control of emotion
expression is observed not only in negative emotions and
potential “vulnerabilities” (e.g., sadness, anxiety), but also
in positive emotions and in various emotion-triggering sit-
uations (e.g. failure, provocation).”* The aim of emotion
suppression—or “playing cool”—is rejection avoidance by
peers, and is what was shown to be especially important
for boys.* In general, at this time, the peer group has a
great influence, e.g, on the risk behavior of adolescents.
Managing the emotional expression flexibly depending on
a particular situation and relationship due to the esti-
mated consequences is an important achievement and
requires emotional competencies.”

In adolescence, recognizing, and describing emotions
in detail becomes increasingly easy and is accompanied
by an expanded vocabulary. In addition, metacognitive
skills develop and adolescents are able to reflect on emo-
tion-eliciting situations, the appraisal, and the resulting
emotion in a more flexible and advanced manner, includ-
ing cultural, social, and personal factors. For example,
they can attribute the specific event of an emotion that
triggers anxiety, anger, or sadness.'® In addition, adoles-
cents are capable of differentiating mixed or ambiguous
emotions and are able to articulate those. Adolescents
were shown to distinguish the emotions of sadness, anger,
anxiety, and happiness in a more complex and detailed
way than children.” Especially the emotions of disgust,
anxiety, and surprise develop further in the later years,
while smaller children already recognize happiness,
sadness, and anger quite well.” Naturally, the better repre-
sentation, perception, cognitive flexibility (cognitive reap-
praisal), and expression of emotions improve emotion
regulation abilities throughout adolescence. With growing
years, adolescents are able to estimate the antecedents
and outputs of emotional events and control their
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emotional expression. An important factor for the training
of emotion modulation was shown to be close friendships:
adolescents with close friends showed more anger-regu-
lating skills."® Furthermore, emotional self-revelation abili-
ties were associated with an increased number of friends
over time. On the other hand, social withdrawal was corre-
lated with social isolation and less friends.'

Although those emotion development steps are rather
general, several individuals and social influence factors
shape the individual development of emotions quite sub-
stantially. Individual factors are the already mentioned
cognitive development, including language, executive
functions (e.g., problem-solving skills, control of attention
focus, or working memory), intelligence, gender, and tem-
per. Social influence factors are parents, the parent—child
relationship (or attachment), and familial relationships
especially in the early years. During adolescence, peers,
friends, the social economic status, and cultural norms
are more important for the emotional development.

In order to master the abovementioned sketched
challenge of computationally modeling of young individ-
uals’ affect, we envision a number of steps to be
required, as follows.

Learning with drift: The past is not the future when it
comes to child and youth emotion display. Hence,
machine learning algorithms have to be able to adopt to
changes during the development of young users. This
can be a hard problem from a machine learning perspec-
tive, but according to solutions exist and need to be
adopted to affective computing.

Ambiguous, mixed, regulated, and social emotions:
From the abovementioned it becomes clear that fully
modeling children and youth affect includes beyond
some “classical” categories or dimensions ambiguous,
mixed, or regulated affect and richer facets of affect,
such as social emotions. Such have, however, in prac-
tice, hardly been modeled computationally so far.

Transfer, zero-, and few-shot learning: The gradual
changes across the years of development in affective
behavior and the required richness sketched previously
demand for excessive amounts of learning data. This hits
hard in a field where data sparseness is an ever-present
concern, due to the high labeling cost coming with multi-
ple labelers per data due to the subjective and uncertain
nature of affect. This situation is even more severe deal-
ing with the vulnerable group of children and youth.
Hence, methods of transfer learning from adults or across
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ages and affects can help to initially ease this require-
ment. If few data points can be collected from the target
group, few-shot learning can further improve such mod-
els. If such is not available, but the affective behavior can
at least be described in this article and its references,
zero-shot learning can be a last resort.

Reinforced affective computing: A further alternative
to cope with the low availability of suited data is provided
by reinforcement learning. Rather than requiring labels,
real-world interactions of an Al with children or youth
with some kind of “reward” feedback are needed for the
Al to learn and adapt. For the recognition of engagement
in children, this has been observed to boost performan-
ces considerably across modalities." It needs, however,
to be scaled up across developmental stages, and can
help to cope with the data bottleneck if real-world affec-
tive applications can be turned into an agent-based rein-
forcement learning setting.

Life-long learning: If Al learns from children as they
grow, it seems reasonable to make use of life-long learn-
ing strategies in order to avoid catastrophic forgetting of
affective behavior learned across ages. Such approaches
have already been demonstrated feasible in specialized
ways,?° and need to be generalized across use-cases.

Trustworthy affective computing: Finally, affective
computing comes with considerable ethical chal-
lenges and demands. Given the named vulnerability of
the target group concerned herein, however, the trust-
worthiness of the affective Al is even more so a clear
must. Among others, this will include safe and
“Dependable Affective Computing” following the prin-
ciples of Dependable Al, yet to be established.

We highlighted the challenge of affective computing deal-
ing with children and youth in modeling—be it for recog-
nition, interpretation, processing, or simulation of
respective affect. We provided an overview on the differ-
ent affective abilities and portrayal changes during young
individuals' development. This can serve as a rough blue-
print, guideline, and reference pointers in the develop-
ment of according technical solutions. In addition, we
distilled pressing requirements on the road to realize
such. Most of these have not (e.g, learning with drift, or
dependability) or yet sparsely (e.g., zero-, few-shot, rein-
forced, and life-long learning) been addressed in affective
computing in general; hence, raising the challenge in real-
izing these in this demanding context. Most of all, how-
ever, “fair” Al will require children and youth to be equally
provided with the promises affective computing holds—
let us assure them they will not only benefit, but can also
rightfully trust in such technology.

IEEE Intelligent Systems

75



76

1.

12.

13.

. A.Mencattini et al,, “An emotional modulation model as

signature for the identification of children developmental
disorders,” Sci. Rep., vol. 8, 2018, Art. no. 14487.

K. R. Scherer, “The dynamic architecture of emotion:
Evidence for the component process model,” Cogn.
Emotion, vol. 23, pp. 1307-1351, 2009.

J. J. Gross and R. A. Thompson, “Emotion Regulation:
Conceptual Foundations,” in Handbook of Emotion
Regulation. New York, NY, USA: The Guilford Press,
2007, pp. 3-27.

S. A. Denham, “Emotional Competence During
Childhood and Adolescence,” in Handbook of
Emotional Development. Cham, Switzerland: Springer,
2019, pp. 493-541.

B. Beebe and M. Steele, "How does microanalysis of
mother-infant communication inform maternal
sensitivity and infant attachment ?,” Attachment Hum.
Develop., vol. 15, no. 5/6, 2013, pp. 583-602.

R. A. Thompson, “The development of the Person:
Social understanding, relationships, conscience, self,”
in Handbook of Child Psychology, W. Damon and R. M.
Lerner, Eds. Hoboken, NJ, USA: Wiley, 2007, pp. 24-98.
G. Labouvie-Vief, M. DeVoe, and D. Bulka, “Speaking
about feelings: Conceptions of emotion across the life
span,” Psychol. Aging, vol. 4, no. 4, 1989, pp. 425-437.
M. Bartroli et al., “The emotional competence
assessment questionnaire (ECAQ) for children aged
from 3 to 5 years: Validity and reliability evidence,”
Educ. Sci., vol. 12, no. 7, 2022, Art. no. 489.

P. L. Harris, M. De Rosnay, and S. Ronfard, “The
mysterious emotional life of little red riding hood,”
Contributions Hum. Develop., vol. 26, pp. 106-118, 2014.

. Y.Wu and L. E. Schulz, “Understanding social display

rules: Using one Person’s emotional expressions to
infer the desires of another,” Child Develop., vol. 91,
no. 5, pp. 1786-1799, 2020.

P. Waite, J. Codd, and C. Creswell, “Interpretation of
ambiguity: Differences between children and
adolescents with and without an anxiety disorder,” J.
Affect. Disord., vol. 188, pp. 194-201, 2015.

K. Konrad, C. Firk, and P. J. Uhlhaas, “Brain
development during adolescence: Neuroscientific
insights into this developmental period,” Deutsches
Arzteblatt Int., vol. 110, no. 25, pp. 425-431, 2013.

R. W. Larson et al., “Continuity, stability, and change in
daily emotional experience across adolescence,” Child
Develop., vol. 73, no. 4, pp. 1151-1165, 2002.

. J.V.Sallquist et al., “Positive and negative emotionality:

Trajectories across six years and relations with social
competence,” Emotion, vol. 9, no. 1, pp. 15-28, 2009.

IEEE Intelligent Systems

15. R.W. Larson and J. R. Brown, “Emotional development
in adolescence: What can be learned from a high
school theater program?,” Child Develop., vol. 78, no. 4,
pp. 1083-1099, 2007.

16. P.Camochan, "How emotions develop and how they
organise development,” Cogn. Emotion, vol. 4, no. 2,
pp. 81-127,1990.

17. K. Lawrence, R. Campbell, and D. Skuse, “Age, gender, and
puberty influence the development of facial emotion
recognition,” Front. Psychol., vol. 6, 2015, Art. no. 761.

18. M. von Salisch and J. Zeman, “Pathways to
reciprocated friendships: A cross-lagged panel study
on young adolescents’ anger regulation towards
friends,” J. Youth Adolescence, vol. 47, no. 3,
pp. 673-687, 2018.

19. O. Rudovic, H. W. Park, J. Busche, B. Schuller,

C. Breazeal, and R. W. Picard, "Personalized estimation
of engagement from videos using active learning with
deep reinforcement learning,” in Proc. IEEE Conf.
Comput. Vis. Pattern Recognit. Workshops, 2019,

pp. 217-226.

20. Z.Ren et al,, “Enhancing transferability of black-box
adversarial attacks via lifelong learning for speech
emotion recognition models,” in Proc. Annu. Conf. Int.
Speech Commun. Assoc., 2020, pp. 496-500.

JOHANNA LOCHNER

health and mobile assessment with Department of Child and

is a junior professor for e-mental

Adolescent Psychiatry, Psychosomatics and Psychotherapy,
University Hospital Tubingen, 72076, Tubingen, Germany.
Lochner received her Ph.D. degree in clinical psychology from
the Department of Child and Adolescent Psychiatry, Psycho-
somatics and Psychotherapy, LMU, Munich, Germany, that
was followed by a postdoctoral fellowship with the Depart-
ment of Clinical Psychology and Psychotherapy, LMU. She is
a full member in the German Society for Psychology and the
International Society for Internet Interventions. Contact her
at johanna.loechner@med.uni-tuebingen.de.

BJORN W. SCHULLER is a professor of Al heading GLAM with
Imperial College London, London, SW7 2AZ, U.K,, full professor/
chair of Embedded Intelligence for Health Care and Wellbeing
and with the Centre for Interdisciplinary Health Research, Uni-
versity of Augsburg, 86159, Augsburg, Germany, CEO and CSO
of audEERING, and independent research leader, The Alan
Turing Institute, Royal Statistical Soyiety lab, U.K. Health Secu-
rity Agency, as well as permanent guest professor with HIT/
China and Honourable Dean, TIJNU/China. Contact him at

bjoern.schuller@imperial.ac.uk.

November/December 2022




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


