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Abstract

Keywords

This article presents a novel design of a Virtual Assistant as part of a human-machine interaction system to
improve communication between the presenter and the audience that can be used in education or general
presentations for improving interaction during the presentations (e.g., auditoriums with 200 people). The main
goal of the proposed model is the design of a framework of interaction to increase the level of attention of
the public in key aspects of the presentation. In this manner, the collaboration between the presenter and
Virtual Assistant could improve the level of learning among the public. The design of the Virtual Assistant
relies on non-anthropomorphic forms with ‘live’ characteristics generating an intuitive and self-explainable
interface. A set of intuitive and useful virtual interactions to support the presenter was designed. This design
was validated from various types of the public with a psychological study based on a discrete emotions’
questionnaire confirming the adequacy of the proposed solution. The human-machine interaction system
supporting the Virtual Assistant should automatically recognize the attention level of the audience from
audiovisual resources and synchronize the Virtual Assistant with the presentation. The system involves a
complex artificial intelligence architecture embracing perception of high-level features from audio and video,
knowledge representation, and reasoning for pervasive and affective computing and reinforcement learning
to teach the intelligent agent to decide on the best strategy to increase the level of attention of the audience.

AI, Human-machine
Interaction, Learning,
Multimedia, Virtual
Assistance.

I. Introduction

I

N the academic world, the mission of the professor/teacher/lecturer
(presenter) is to communicate knowledge in an efficient way [1].
This general objective can be achieved thanks to the experience of the
presenter and the own skills acquired during the years of teaching.
However, even if the presenter has great strategies for communication,
it is difficult to get the attention of students or the public when interest
lacks in the presentation’s topic [2]. Feedback about the attitude and
level of attention of the audience could be useful for the presenter to
adapt and personalize the presentation according to the requirements
of the audience.
Nowadays, there are several applications of virtual agents [3]-[5] or
autonomous robots that can interact with the public using virtual or
mechatronic faces [6]. Social interaction between humans and robots
is paramount in applications where a high level of collaboration is
required such as in hospitals or industry. For this reason, the design
of a robot to generate an instantaneous positive reaction in humans is
key for fostering human-robotic interaction.
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Habitually, roboticists put much effort into the design of a new
robot on physical embodiment properties such as locomotion,
manipulation, haptic interactions, and face mechatronic interaction.
However, for social interaction, technologies such as virtual agents or
chatbots which focus on communication abilities rather than physical
embodiments have been developed.
Therefore, this study presents a novel design of a virtual agent using
artificial intelligence methods for creating a framework for effective
collaboration between the public and the presenter. This framework is
thought for improving the interaction of presentations in large venues
(e.g., auditoriums with 200 people) where direct visual contact of the
presenter and the audience is difficult. Thus, the new virtual agent can
be used for: virtual interaction, preliminary design for a new future
mechatronic system and to provide a hybrid combination of humans
and virtual assistants that can help to increase the level of attention
during a presentation.
The contribution of this research is the design of a Virtual Assistant
with four levels of interaction to increase the audience’s attention
during a presentation. The four levels of interaction are derived from
the intelligent system proposed. The intelligent system must detect
different behavioral patterns of the audience such as divert/distract
attention, people asleep, positive, or negative participation, and
confused participation.
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Furthermore, the study presents a set of psychological analyses of
the virtual assistant’s graphic design to validate the suitability for its
use in the different levels of interaction. The psychological analysis
considers the level of education and type of public to recommend
the use of the virtual assistant with a given level of interaction. The
information about the audience’s profile can be used as an input in the
system for adapting the mode of interactions.
This work also presents a design of the system’s architecture,
which is based on 3 different modules as follows: i) the first module
is based on video and image recognition in order to identify different
patterns (e.g., type of public and level of attention); ii) the second
module analyzes audio and will contain natural language processing
algorithms to recognize the phrases of the presenter and the feedback
information from the public. iii) the third module contains an
intelligent agent that can guarantee in real-time the synchronization
with the presenter and the presentation; Moreover, the third module
will depend on the recognition of patterns from the first and
second module (perception modules) to correctly synchronize the
collaboration between the presenter and the virtual assistant. For
this, the system involves a knowledge representation and reasoning
module to attribute a semantic meaning to the high-level perceptions
regarding the attention and emotion. Knowledge representation is
important to model the context of the current state of the world so
that intelligent decisions can be taken. Reinforcement learning is
proposed as the solution to teach the intelligent agent to decide on the
best interaction with the audience at each moment.
For example, information such as applauds, and the expression of
faces captured through image analysis provide feedback about the
attitude of the audience in each moment, so that the Virtual Assistant
can decide to take certain actions to improve the level of attention, i.e.,
activate a given interaction mode of the Virtual Assistant.
The remaining part of this article is organized as follows: Section
II describes the design of the Virtual Assistant tackling the visual
appearance followed by a discussion of the proposed design and
the results of the evaluation of the virtual assistant animations by
different publics (Section III). Section IV describes the design of the
artificial intelligence system. Conclusions and future lines of work are
presented in Section V.

II. Design of the Virtual Assistant
A. Design of the Appearance
During the last years, many virtual assistants have been designed
with different shapes and voices, both in the academy and in the
industry. Some virtual agents as Eliza [7] have feminine aspects,
trying to evoke human characteristics. But trying to replicate humanlike is not as easy and is not all about just benefits as there are so
many consequences related to psychology, specifically with how we
perceive and interact within the perception.
There are many studies regarding the concept of “uncanny valley”.
This concept explores the idea that there is something strange in the
level of anthropomorphism of something that is not alive, in a biological
way, but looks like. Professor Masahiro Mori [8] introduced this
concept into robotics, after Sigmund Freud’s article ‘Das Unheimliche’
[9]. The original term comes from Ernst Jentsch [10]. The creation
of intelligent agents that work efficiently and effectively ‘would be
impossible to solve without understanding and using mechanisms of
social-emotional cognition’ [11]. It is important to keep in mind that
the way how we perceive will incise directly in our interaction. In this
context, we have tried to avoid this kind of perception though creating
a virtual interaction.

A study compared three different animated objects during a cognitive
task and their impact on the behavior and performance of primary
school children [12]. The results revealed that animated objects were
well-accepted as interacting partners and had a positive impact on their
emotional state. Also, it shows that 3D objects (animal and robot) with
more “live” characteristics elicited more positive behaviors, and the
animal-like object decreases attention. Other studies from this field
of research encourage managers to take care of the appearance and
behavior of robots and promote collaboration between managers and
researchers to define the limit of anthropomorphism [13]. Considering
all this information, we have developed several designs for the robotic
appearance and behavior of a Virtual Assistant aimed to improve the
attention of the audience during a presentation.

B. Personification
In the XXI century, the resource of personification is one of the
most used rhetorical figures in the field of animation and character
design, but historically it has been used in the field of literary-fabulous
creation and 2D animation (cartoons), since its inception. This
resource has enormous potential to evoke empathy and closeness with
the personified object, but at the same time, in the words of Radoslav
(1996), the personification can “constitute an educational instrument,
capable of producing profound positive effects” [14].
First, an analysis is made of the objects that may be suitable for
the personification of the assistant. The training context in which the
project is registered is online, therefore, suitable hardware elements
are chosen for this purpose. Of all those available, the webcam
is chosen for two compelling reasons. The first is the element that
visually connects the participants in a virtual face-to-face educational
context. Second, because it is considered that its nature is ideal to find
formal and conceptual aspects that support the feeling of life that you
want to give it.

C. Form
Trying to follow the advice of Andrew Jimenez, from Pixar Animation
Studios [15], about the importance of not getting complicated when
creating a character, since the important thing is that the idea in your
head is raised simply and naturally [16], of all the types of webcams
on the market, inspiration is chosen that model whose form is simple
and at the same time versatile for its reorientation as “living being”.
A model with a round central body is chosen, with the objective
cantered, side light pilot on and base in one piece. From there, they
begin to make sketches to choose which of their attributes are
potentially suitable to support their mobility and characterization
when presenting emotionally to the assistant.
At first, the objective is considered as a mouth adding the eyes
and eyebrows. It is also necessary to add some element that supports
the sensation of life and its expressive load, for which the power
cable of the webcam is used as an arm that helps to emphasize the
expressiveness of the assistant and his attitude in each of the poses.
This aspect has special relevance as it already happened with other
references from the world of animation, consulted for this design, such
as, for example, the character in the movie Monsters, INC. [16], Mike
Wazowski who was originally designed as a spherical body with two
legs, without arms. But its creators realized that the arms would give
him that feeling of reality and more suitable mobility to interact with
his co-stars, resulting in closer and less strange to the viewer.
But the facial result is overloaded, losing the feeling of a webcam in
which the most important thing is the objective. Thus, it is decided to
simplify the model, turning the objective of the inspiration model into
the eye of the assistant. Thus, the base of the webcam is modelled on
the different attitudes that the assistant must simulate the movement
of the feet.
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D. Color
“No color is meaningless” [17], and for this reason, the colors that
will be part of the assistant have been specifically chosen.
The wizard is white, with shades of blue. The lights and shadows
in their movements will give rise to shades of gray. White color favors
attention to the object, freeing itself from all colors. It is a bright color
and favors the contrast in combination with blue color. Associated as
Eva Heller [17] indicates to what is empty and light, it will highlight
the expressions of the assistant.

In the following, we explain how the virtual assistant controls the
level of attention of the audience. The first mode is activated when
the algorithm detects that people are talking or there are divert of
attention. Fig. 2 (a) and (b) show the transition when the intelligent
system detects when people are talking in the room, indicating that
is important to keep silent in the room. This interaction is useful for
the presenter to control the level of attention. Fig. 2 (c) and (d) show
interactions when the algorithm detects different levels of distraction.

For its part, the assistant’s eye is blue on a white background,
which according to Eva Heller is associated with intellectual qualities.
Its typical combination is blue and white, both being related to
intelligence, science, and concentration. Likewise, and according
to the survey carried out by this author, the blue color is the most
appreciated with 45%. Another fact to consider is the symbolism
associated with the combination of different colors, and specifically
blue, white, and gray, in this case, produced by the shadows produced
by white, is associated with intelligence. Fig. 1 shows the preliminary
sketches of the virtual assistant’s concept.

a) Normal conditions

b) Keep silence

c) Low level of distraction

d) High level of distraction

Fig. 2. Modes of interaction; (a) normal conditions; (b) keep silence; (c) low
level of distraction and (d) high level of distraction.

Fig. 1. Preliminary sketches of the virtual assistant’s conceptualization.

III. Design of the Virtual Behavior
According to [18], the emotional representation is composed of
emotional characteristics, attributes, and attitudes, among others. In
this sense, the assistant has an outgoing and close personality, capable
of expressing negative or positive attitudes based on the different
animations according to the objective to be achieved with each
interaction with those attending virtual face-to-face sessions.
Regarding the level of attention in the audience, we consider
four states: normal conditions; keep silence; low level of distraction,
and high level of distraction. Based on this categorization, we try
to reinforce the desired behaviors of the audience: High attention
and interaction are rewarded with positive feedback and situations
of distraction should be penalized through negative feedback, in
this case, “anger face” (Fig. 2 (d)). Also, regarding the condition of
interactions within the audiences, we present 4 states: people semisleeping; people sleeping, time for questions, and confusing questions.
The four designs are clearly differentiating these states and represent
a human-like reaction to each one (Fig. 3). About the condition of
the responses of the presentation, we distinguish 2 states: positive
feedback and positive participation. The virtual design reflects each
state using common symbols (Fig. 4).

a) People semi-sleeping

b) People sleeping

c) Time for questions

d) Confused question

Fig. 3. Modes of interaction; (a) people semi-sleeping; (b) people sleeping (c)
time for questions and (d) confused question.

The second mode is activated when the algorithm detects that people
are sleeping in the room. Fig. 3 (a) and (b) show the transition when
with the help of the presenter the level of attention can be increased.
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Moreover, Fig. 3 (c) and (d) show the transitions when people are
interacting or asking questions and the question is confusing. Finally,
the last mode of interaction is when the system recognizes a positive
interaction or comments as is shown in Fig. 4 (a) and (b).

presentation as input to a reinforcement learning algorithm designed
to improve the quality of the presentation. Thus, the proposed
architecture can activate the specific modes of interaction as a
response to the detection of certain situations employing voice and
vision recognition. Therefore, the combination of the different types
of interaction with the presenter is a useful tool to support efficient
communication of knowledge to the public.
Reinforcement learning has its foundation in psychological
principles and practice. This methodology is based on positive
reinforcement and punishment (showcased by the virtual assistant).
For its implementation, it is important that the intelligent agent of the
system can use functions to distinguish the audience’s profile, which
is derived from the recognized patterns in the audience through vision
and sound processing technologies.

a) Positive feedback

Additionally, the proposed solution represents a creative approach
to define the boundaries between biological and artificial life from
human expressions for a learning enhancement system avoiding the
uncanny valley effect in the design of the virtual assistant.

b) Positive participation

Fig. 4. Modes of interaction; (a) positive feedback; (b) positive participation

A. Discussion of the Virtual Design
Humans use different types of communication in verbal, written,
and facial expressions. Face expressions [19] are enormously powerful
because they instantaneously communicate emotions and intentions.
This characteristic is the key aspect of the design of our artificial
virtual assistant. For this reason, we use a smile and a gesture that
represents a positive emotional state such as “it is O.K.” represented in
Fig. 4 referring to positive interactions or gestures like Fig. 2 (b) that
transmit messages such as “keep silence”.

As we explained in section II, animal representations are biological
representations, but they generate negative effects because the
audience may get more distracted. In contrast, if the design is too
artificial it is possible that people cannot understand its meaning.
For this reason, the presented design uses a mixture of features from
biological and artificial representations to generate a better interaction
with the audience. At the same time, this system will help the presenter
to emphasize efficiently the knowledge during the presentation.

B. Evaluation of the Animations

Hence, the design presented in this work has been selected
according to the research carried out in section II and III. This analysis
helped to encounter the best features for a virtual assistant. Therefore,
as a result, our proposed design is a non-anthropomorphic form, as we
pretend to reduce the uncanny valley effect.

The animations of the virtual design were evaluated using a
psychological study based on a ‘discrete emotions questionnaire’ [22].
In this analysis, 34 participants (23 female and 11 male) with an age
between 20 and 50 participated in the evaluation of the five animations
as follows:

As a result, the Virtual Assistant’s design incorporates a mixture
of robotic and artificial life accessory characteristics. The design
includes non-artificial characteristic or “live” characteristics such as
the eye, mouth, and the cable-arm to give it an acquainted appearance.
With these live characteristics, we try to increase the level of positive
behavior in the public. This relies on the fact that humans can recognize
patterns of facial expressions nearly instantly as the human learning
system has been trained by years for face recognition. Therefore, this
natural way of recognition helps to interpret a smile as a positive
answer (Fig. 4) and a negative answer as the “anger face” (Fig. 2 (d)).

Animation 1: transition from Fig. 2 (c) and 2 (d); animation 2:
transition from Fig. 2 (a) and 2 (b); animation 3: transition from Fig.
3 (a) and 3 (b); animation 4: transition from Fig. 4 (a) and 4 (b) and
animation 5: transition from Fig. 3(c) and 3(d).

The color chosen for the principal object (the camera) is white as
it represents purity, elegance, and truthfulness. It is also simple and
recognizable. But also, it is the counterpart of the color black, and that
is why there are some nuances of grey color to emphasize the object.
The combination of these colors fosters the contrast of the image,
highlighting the color chosen for the blue eye. As Molly E. Holzschlag
[20] points out “as white is necessary for contrast and design, it is
ideal to mix it with another color that has a stronger and more obvious
meaning”. The blue color inspires affection, friendship, confidence,
and harmony. According to a survey [17], blue is the color that has
more followers (46% men and 44 women) and only a few people do
not like it (1% men and 2% women). It is commonly related to positive
feelings.

The results of animation 1 generate three emotions of anger
as highest values, 1 emotion of anxiety, and 1 emotion of desire.
Therefore, this animation achieves the main objective of generating a
negative emotion in the public. Animation 2 produced two emotions
of relaxation and one of desire for the keep silent animation (Fig. 2 b).

The spherical form is directly in consonance with common
traditional web cameras. It represents perfection as it does not have a
beginning and an end, as well as it depicts protection and movement
[21]. The shape of the figure also inspires stability as it incorporates
a foot stand.
These positive and negative interactions are used during the

The questionnaire is based on different items that can measure the
following emotions: Anger (Ag), Anxiety (Ax), Desire (Dr), Disgust
(Dg), Fear (F), Happiness (H), Relaxation (R) and Sadness (S). The
emotions were measured on a scale ranging from 1 to 7. The results of
the questionnaire are shown in Table I and explained below according
to the most relative scores (from 3).

Animation 3 resulted in emotions of desire and one of anxiety for
the case ‘people are sleeping’ (Fig. 3 b). Animation 4 yielded three
emotions of happiness and two of relaxation. This result is important
because the positive feedback animation is evaluated by the public
through a combination of positive emotions such as happiness and
relaxation. Finally, the animation 5 generates two emotions of Anger
and Anxiety.
As conclusion, the results of the survey confirm that the emotional
reactions of the people coincide with the emotional effect, which was
designed for each animation. These results are important because
if any animation does not generate an adequate emotional reaction
in the audience, the interaction with the public can be ineffective,
resulting in frustration and ignoring of the virtual assistant.
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TABLE I. Evaluation of the Five Animations
6
5
4
3
2
1

Animation 1

0

Pissed off
(Ag)

Worry
(AX)

Wanting
(Dr)

Anger
(Ag)

Rage
(Ag)

5
4
3

Animation 2

2
1
0

Calm (D)

Desire (D)

Relaxation (R)

3,64
3,63

Animation 3

3,62
3,61

Wanting (Dr)

Worry (Ax)

6
5
4
3
2
1

Animation 4

0
Satisfaction Enjoyment
(H)
(H)

Happy
(H)

Easy-going
(R)

Calm
(R)

3,9
3,8
3,7

Animation 5

3,6
3,5
3,4

IV. Design of the Artificial Intelligence Architecture
The artificial intelligence architecture for the human-machine
interaction system comprises three main modules. Two perception
modules are responsible for the visual recognition and acoustic
analysis (sound analysis and natural language recognition) of patterns
from the audience and a third module, responsible for the real-time
synchronization between the presenter and the virtual assistant. Fig. 5
describes the organization of the main modules.

A. Perception Modules
The purpose of Module 1 is the recognition of the public’s attitude
towards the presentation through the caption of the visual focus
of attention. A similar approach has been used recently to analyze
the behavior of persons in group meetings [23] using a multi-modal
sensor approach. In our approach, the visual patterns are used to detect
situations remotely where the public is not putting the appropriate
attention. This can be implemented by using face recognition

Pissed off (Ag)

Worry (Ax)

algorithms, which detect whether the eyes are open or closed [24]
or calculate the eye gaze direction [25]. These two variables allow
the system to derive information about the level of attention of the
audience. The eye gaze direction and head movements have resulted
in the key for detecting attention shifts in a previous educational study
[26]. Analyzing the eye gaze direction, the system can determine
automatically how many people pay attention to the projection of the
presentation. Moreover, module 1 must recognize the type of people
according to the average age of the audience [27]. Thus, these types of
techniques allow the system to determine if people are asleep, divert,
or distract attention.
On the detection of these previous situations, the virtual assistant
will be activated with the corresponding interaction model, as
described in section III.
Module 2 is used to capture the acoustic feedback from the
audience. From a technical point of view, the system must carry out
acoustic analysis to recognize certain human activities related to
different types of noise. Acoustic scene and event recognition are an
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Module 2.
Audio Analysis

· Acoustic event analysis
· Natural Language Processing
· Level of attention
· Positive and negative feedback
· Understanding questions

Module 3.
Real-time synchronization

· Schedule Virtual Assistant
· Decide feedback actions

Module 1.
Visual recognition

· Face expression recognition
· Level of attention
· Positive and negative feedback

Many knowledge bases have been released with the aim of
information reuse and sharing. ConceptNet [38], for example, is
an important knowledge base describing the semantic of several
thousand of concepts. SenticNet [39] is an extension from ConceptNet
with the ability to describe sentiment-based annotations. Such
representation of human emotions in a computer interpretable format
is tackled as affective computing [40]-[41], an interdisciplinary
discipline, which aims to enable computer systems to recognize and
interpret human emotions. SenticNet considers the categories of
admiration, anger, disgust, fear, interest, joy, sadness, and surprise.
Recently, OntoSenticNet [42] was released providing a connotative
description of emotions to the concepts using polarity values. For the
present system, we consider the use of OntoSenticNet, as emotions
and attention levels must be attributed to the concepts sensed from
the perception module.

Fig. 5. System architecture of the intelligent system for the virtual assistant.

active field of research, where deep neural network models currently
outperform humans in recognizing certain types of acoustic events
[28]. In the present system, the focus is on the detection of attention
drift primarily based on the level of noise in the room [29]. Another
feature of the acoustic module is speech recognition to analyze
comments from the audience. Speech recognition relies on complex
models for natural language processing [30-32]. Active research
during the last decades, especially in the area of neural networks [33]
have implemented speech recognition as a helpful human-machine
communication technology [34] in virtual assistants. In our system the
automatic recognition of speech is designed as an input to the content
of the presentation as the algorithm can detect automatically in which
slide of the presentation the comment is made. Another functionality
of the module is the detection of positive and negative comments and
other types of feedback (such as applause). This information will be
used for the intelligent agent of module 3 to decide the best mode of
the virtual assistant.
The integration of information from several signals (video, audio,
or linguistic) is referred to as multimodal feature extraction and
fusion providing more reliable and rich information compared to
that derived from single-modality signals [35]. Nevertheless, the
high dimensionality and the complexity of the input pattern require
sophisticated machine learning models for the extraction of high-level
features from raw data. Recently, several cloud providers specialized
in artificial intelligence technologies, such as Google or IBM, offer
services for the automatic extraction of features from video, audio,
and natural speech. These services are provided with a scalable and
quite affordable cost, so that system developers may integrate such
technologies in their software. Other alternatives are open-source
software solutions, such as ‘Pliers’ [36], which provide an extensible
framework to automatically implement semantic feature extraction
from audiovisual resources.

B. Knowledge Representation
To process the perceptions from the visual recognition or acoustic
module, the recognized perceptions must be transformed into
treatable information for an intelligent agent by a proper knowledge
representation. Semantic networks (or ontologies) provide a formal
description of domain knowledge defining the characteristics
of entities and the relationship between them. Ontologies use
description logics such as OWL as the representational formalism for
the domain description providing the ability to apply logical inference
on the entities and model a context (state of the world). The ability
of reasoning on knowledge representation is an enabler for pervasive
(context-aware) computing [37].

The following examples illustrate the conceptualization of three
relevant perceptions in the proposed system, namely ‘doze_off’
(tiredness), ‘applause’, and ‘noise’ by OntoSenticNet (Table II). The term
‘doze_off’ is described as semantically close to the terms ‘fall_asleep’,
‘bed_time’, ‘become_bored’ or ‘drowsiness’. The corresponding mood
tags are sadness and disgust, and the overall emotive valuation is
negative with an intensity of 0.54. The emotional assessment (sentics
values) gives a fine-grained evaluation of emotions in different
categories. All three analyzed terms show a proper conceptualization
regarding the attention and emotional categorization from a human
point of view, which confirms the adequacy to use the OntoSenticNet
as a knowledge base for emotion characterization in the system.
TABLE II. Conceptual Map of the Term ‘Doze-off’ (1), ‘Applause’ (2) and
‘Noisy’ (3)
N

Semantic

Mood tags

Sentics

Polarity

1

fall_asleep
Sadness
bed_time
Disgust
become_bored
drowsiness

Pleasant (0.48)
Attention (-0.08)
Sensitive (0.04)
Aptitude (0)

Value:
Negative
Intensity:
-0.54

2

watch_play
entertainment
cheering
attend_

Pleasant (0.164)
Attention (0.24)
Sensitive (-0.14)
Aptitude (0.28)

Value:
Positive
Intensity:
0.179

3

Loud
Sadness
uncontrollable Disgust
obsolete
last_clue

Pleasant (-0.44)
Attention (-0.15)
Sensitive (0)
Aptitude (-0.36)

Value:
Negative
Intensity:
-0.21

Interest
Admiration

C. Reasoning Module
Module 3 implements the artificial intelligence agent, who decides
on the operating mode of the virtual assistant in real-time. According
to [42] “all reinforcement learning agents have explicit goals, can sense
aspects of their environments, and can choose actions to influence
their environments”. In this application, the agent uses the information
from the visual and acoustic module as sensing information about
the state of the audience. The actions on the audience are taken by
deciding a given virtual assistance mode and the goal is to optimize
the audience’s attention. Thus, when positive answers are detected,
the system will activate the positive feedback animation (Fig. 4).
However, if a negative answer is detected, the system will activate
the animation of “anger face” (Fig. 2 (d)). Moreover, the algorithm will
decide which animation activate from negative to positive parameters.
Fig. 6 shows a description of the information flow in this humanmachine interaction system.
The agent uses a reasoning module to decide on the actions to take
in the current state. Reasoning can be implemented with traditional
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logic-based symbolism using knowledge representation languages
(OWL) or alternatively using machine-learning approaches. Symbolic
reasoning applies logic inference to a set of rules and facts (instances in
the ontology) deriving higher-level knowledge from the observations,
which represent the context of the state. Recent research [43] focuses
also on the use of neural networks, capable to project in embeddings
the equivalent to the logical reasoning in ontologies. These approaches
are interesting, as they overcome some commonplace shortcomings of
logic-based reasoning in ontologies, such as sensitivity to noise and
missing values.

Perception Module

Image analysis

The ontology to be used in this system must be carefully designed
to cover generic descriptions from the behavior of the audience,
attitude, level of attention, and questions of the audience about the
presentation to model the context. The knowledge regarding emotions
of OntoSenticNet is complementary to these representations of entities
of other knowledge bases and can be integrated through different APIs
in external systems.

Audio & NLP

Knowledge presentation
& Reasoning Module
Moltimodal high level features

Furthermore, the agent should be able to make intelligent decisions.
For this, it is necessary to implement a reinforcement learning (RL)
system, where the agent learns from its experience of interaction with
the environment. In this application, a positive reward is given if the
attention of the public increases, while a negative reward is given
when the attention decreases.

Decibels
Transcribed text

Face

In RL, an agent observes a state and takes actions, which generates
a transaction of the current context to a new state, providing a reward
to the agent as feedback of the transaction. The objective of the agent
is to learn a strategy that maximizes the reward.

Semantics

An overview of the literature shows that deep learning models are
reported as the state-of-the-art technology for ‘enabling reinforcement
learning to scale to problems that were previously intractable’ [44] as
these models are capable to process high dimensional input patterns
and complex state scenarios. Another interesting work is presented in
[45], which gives an overview of recent advances in the integration
of natural processing language models in reinforcement applications.

Entities & Emotions (OntoSentic)

Intelligent Agent
Reason & Decide

D. Discussion of the Artificial Intelligence System
The modules constituting the artificial intelligence architecture for
the proposed human-machine interaction system were described as
part of preliminary system design. The implementation of the system
requires dedicated work to solve the respective tasks and it is part of
the future lines of work.

Act

Virtual Assistant
Sense

V. Conclusions
This work has presented a novel graphic design of a Virtual
Assistant with four levels of interaction. An artificial intelligence
system has been designed to activate different interaction modes
of a Virtual Assistant to improve the communication between the
public and the presenter. The proposed system is designed for four
levels of attention, such as normal conditions; keep silent; low level of
distraction, and a high level of distraction. When one of these levels of
attention is recognized by the intelligent agent, a positive or negative
interaction of the virtual assistant is induced in order to increase the
level of attention of the audience.
Moreover, the presented designs of the assistant rely on nonanthropomorphic forms with “live” characteristics (eye, mouth, and
cable-arm). These features help the audience to automatically recognize
situations without the need for an explicit explanation of the presenter
(e.g., ‘keep silence’). This characteristic makes the system autonomous
as the meaning of the interactions is intuitive and easy to understand
for humans. An exception is the type of interaction when people are
sleeping. In this case, the interaction of the presenter is required.
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Feedback

Audience

Fig. 6. Description of the human-machine interaction of the system.
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Future lines of work will focus on the measurement of the impact of
the proposed system on the quality of presentations. The objective is
to measure the level of attention of the public comparing conventional
ways of presentations and the incorporation of the virtual assistant.
A preliminary study of the intelligent architecture necessary to
implement the Virtual Assistant in a human-machine interaction
system has shown the need to use several modules. Perceptions of the
environment are captured from an audio and visual recognition module
extracting high-level features representing behavior or attitudes.
Ontology-based knowledge representation is proposed as a
framework for the intelligent agent responsible for the activation of the
virtual assistant. Reinforcement learning is recommended for deciding
on the best strategy of the virtual assistant to achieve a high level of
attention in the audience. The implementation of a proof of concept of
the described framework is considered as a future line of work.
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