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Abstract 
A student’s attention status during a digital conversation can differ when 
talking to an intelligent agent, that is, a chatterbot interactive. There is evi-
dence that brain waves have different oscillations during the study. A virtual 
platform with an artificial intelligence chatterbot was explored in this study. 
During the study, participants were asked to use the Neurosky Mindwave 
sensor to assess their attention levels in real time. Statistical analyses of the 
results revealed significant effects on the participants’ attention levels. The 
chatbot was associated with dominant proportions of delta and theta brain 
waves in didactic content. Conversation via social interaction chatbot trig-
gered dominant gamma brain waves. 
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1. Introduction 

The virtual world is becoming part of our everyday life. It is essential that there 
is the development of tools and applications that allow us to live in this human 
condition, adapting to changes in the areas of technology. The effective interac-
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tion between computers and humans is expected to be increasing and is increas-
ing exponentially (Bos et al., 2019a). Established technologies like personal 
computer and internet access have become almost ubiquitous for learning. In 
addition, relatively new technologies appear every moment in the globalized 
world, an example is the study that we will be presenting in this article, in which 
we will use the chatbot technology and the measurement sensor of the partici-
pant’s brain activity sample.  

AI-mediated communication represents a new paradigm where communica-
tion is generated by an intelligent system. Spell checking, texts are used for clar-
ity in communication. A chatbot follows the flow shaped by the programmer in 
order to produce an effective dialogue using questions and answers in dialog 
format. It is important to determine what kind of questions to ask, what infor-
mation should be provided to process responses to the user, a flow is based on a 
cycle formed by the bot’s message (questions); the user’s message (reply); and 
decision making (response processing). A conversation strategy should focus on 
recommendation tasks. Teaching is an act based on communication and interac-
tion, and chatbots have significant educational potential in their communication 
skills through the language of a system with a knowledge base. 

It is increasingly necessary to meet the needs of apprentices. Teachers need to 
start from the premise that education must constantly dialogue with neuros-
cience, thus, generating an understanding that evidences brain activity during 
the process as a whole. Neuroeducation is the area of research that aims to link 
educational technologies with students’ cognitive skills and their specificities 
(Tokuhama-Espinosa, 2008). 

The lack of opportunities for engagement, professional training and incentives 
for teachers in Brazil is the consequences in which teachers still lack the appro-
priate technologies (Bos et al., 2019b), always considering that the success and 
effectiveness of the implementation of educational technology are largely linked 
to the positive perceptions of teachers. Measures could be taken to increase 
teachers’ willingness to adopt such technologies in their teaching practices. 

In this context, this work presents a study that brings new trends in tools and 
platforms, using the Zenvia platform as a reference used during the study. 

2. Theoretical Framework 

As a result of conducting an educational survey, we have found that NeuroSky 
has been widely applied to several research topics. It can be used in teaching and 
learning; the following will mention some related works already developed with 
chatterbots in education and the use of the sensor to collect evidence in brain ac-
tivities. 

With the study of learning materials, it was possible to find the works of Sha-
diev et al., 2017b, who adopted the EEG to investigate the effectiveness of text 
speech recognition applications in learning performance, attention and student 
meditation. 
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Google Home, is a smart speaker made for Google, which answers voice 
commands, its software is based on the Google Assistant chatbot. It allows the 
user several commands such as: checking the time, a search with music, videos, 
etc. Some frameworks have been proposed to facilitate the development of chat-
bots (Yan et al., 2016). 

IBM Watson Assistant is an example of a bot with many abilities. The user can 
open an account and experience a chat with the virtual assistant that he will 
quickly have many answers to his questions. 

A chatbot called ELIZA was created in 1966 at MIT to imitate human conver-
sation and simulate a physical therapist in clinical treatment (Abu Shawar et al., 
2007). 

The ALICE chatbot was created in 1995 and was inspired by ELIZA. ALICE 
was conceived as a conversational agent and at the time many people thought 
they were talking to a real human being during interactions. 

Chatbots are used daily by some people. Apple’s Siri, Amazon’s Alexa, Mi-
crosoft Cortana and Samsung’s Bixby have the ability to open applications, play 
music and be a virtual assistant (Dale, 2016). 

Bos et al., conducted a study on the use of the Neurosky sensor to measure 
students’ attention by measuring interactivity with the interactive video platform 
and identifying the stimulus response (Bos et al., 2019c; Bos et al., 2020; Bos et 
al., 2019e: p. 3). 

Shi mentions that correctly inferring user preferences for items is crucial for 
effective recommendations (Shi, Larson, & Hanjalic, 2014). 

Recently, rapid progress in technology has transformed computer-mediated 
communication by artificial intelligence-mediated communication, which is ro-
bust and has been widely used (Hohenstein & Jung, 2020). As technologies 
evolve, they become readily available and are adapted to the areas of education. 
Technological innovations can increase student engagement and motivation. 
Whereas a chatbot offers a range of potential benefits, including personalization 
and instant availability 24 hours a day, 7 days a week. These positive aspects are 
interesting in the education sector. This branch of research is only emerging in 
the scientific community, so in our article we propose this new technology for 
educational use in addition to the business that has been in use for a longer time. 

In contrast to previous studies, we focus on a mechanism that alternates be-
tween questions and recommendations, in addition we use the method of ad-
justing the parameters they have in interactions. Thus, introducing a bot and 
user conversation model, simulating the systematic interactions inferred in a 
knowledge base with didactic content and social interactions. 

3. Methodology 

In order to establish an empirical basis from which design principles for educa-
tional chatbots derive, we explored the previous studies. So, we started imple-
menting a bot suitable for the educational context. 

This work shows an experience carried out with student volunteers, exploring 
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the impacts of using a platform for creating and implementing chatbots during 
the teaching process, with a total of 7 participants. In this scenario, the produc-
tion of digital content previously prepared was exposed to participants on the 
platform. In the implementation, we used the Zenvia tool, which is a development 
platform for creating chatbots with human computer interaction technology based 
on natural language processing. The questions were divided into categories of 
activities, social interactions, realist, didactic and conventional content. 

3.1. Materials and Methods 

In this study, the participants talked with the chatbot in AI format simulating a 
dialogue with a virtual teacher with questions and answers. During the virtual 
conversation, the participant was controlled by a sensor to capture samples of 
brain activities. According to the user’s responses, the ultimate goal of the chat-
bot is to allow him to respond appropriately to the student’s questions and inte-
ractions (Bos et al., 2019c). There were two moments of studies carried out in 
which the interactions with the chatbot occurred. At first, the participants inte-
racted with the chatbot with social interactions in which there were interactions 
such as “Hello, what’s your name”; “how are you today”; “where do you live”; 
“What you like to do” among other social interactions. In the second moment of 
the study, the participants were invited to interact with the chatbot with didactic 
content about general knowledge. 

3.2. The Zenvia Conversation Platform 

The dialogue platform mediated by AI (Artificial Intelligence) used in this study 
was the Zenvia Conversational Cloud. After selecting the creation of a new chat-
bot, the “bot design” screen used to build the conversation flow was used. The 
stream screen has start and end chatbot balloons on a connection line. The inclu-
sion of the interaction steps occurs between “sends message” webchat channels 
and “receives message” and after decision point. When a user answers a mul-
tiple-choice question, using an interface is more convenient than free text input. 
Still, the system needs to provide answer options in addition to the questions. Fig-
ure 1 shows the flowchart of the proposed dialogue for decision-making points. 

3.3. The Neurosky Mindwave Sensor 

The NeuroSky MindWave Mobile sensor (NeuroSky Inc., San Jose, CA, USA, 
MindWave) is one of the most popular and affordable EEG devices. In addition, 
the current trend of adopting this device makes it essential to help researchers 
and end users to understand its validity (Bos et al., 2019d). MindWave develop-
ers claim to be able to measure cognitive functions, such as states of attention 
and relaxation, with just a passive dry electrode on the forehead, located in the 
Fp1 (left frontal lobe). To collect brain frequencies, the Neuroexperimenter 
software installed on the computer was used to collect data. Figure 2 shows the 
Neuroexperimenter and Neurosky software. 
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Figure 1. Flowchart of the dialogue, points of decision making. 

4. Results 

To solve the problem of better student productivity, it was necessary to create 
and develop the chatbot where the developer focused on creating the logical 
structure. Technology like Zenvia’s platform helps to reduce teachers’ work, re-
placing student questions and feedback with artificial intelligence. Chatbot is 
helping to reduce faculty work by using chatbot and text analysis technology to 
assess student assignments and tests. In study 1 (Figure 3 and Figure 4), the 
analysis of responses is presented, in which the participants were monitored 
with their brain activities during the conversation with the chatbot with social 
interactions. Figure 3 and Figure 4 show the analysis of responses during the 
conversation with the social interaction chatbot.  

It is noticed that in the trend line for attention, concentration occurs with the 
highest potential coefficient of determination for the attention spectrum with a  
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Figure 2. Neuroexperimenter in use with the Neurosky sensor. Source: by the author, 2020. 
 

 

Figure 3. Analysis of responses during the conversation with the social 
interaction chatbot.  

 

 

Figure 4. Analysis of attention during the conversation with the chatbot. 
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R2 score of 0.011 in the color shown in blue. In red, it is possible to observe the 
trend line for meditation at R2 0.06. Also, in this data set, the brain frequencies 
that most oscillated positively during the study were measured, which were the 
low Gama and high Gama waves. The low Gama and high Gama waves work at a 
frequency of (30 to 50 Hz) with multisensory processing and act on complex 
cognitive functions. Still for the attentional spectrum in Figure 3, a score greater 
than 1042 is perceived for attention in relation to meditation with a score of 530 
points. 

In study 2 (Figure 5 and Figure 6), the analysis of responses is presented, in 
which the participants were monitored with their brain activities during the 
conversation with the chatbot with the interactions of general knowledge with 
didactic content. Figure 5 and Figure 6 show the analysis of responses during 
the conversation with the chatbot. 
 

 

Figure 5. Analysis of responses during the conversation with the chatbot of didactic 
content. 

 

 

Figure 6. Analysis of student attention in decision making with educational content. 
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The most dominant brain waves in this study were the delta and theta waves, 
which are electromagnetic frequencies provided by brain electrical activity. The 
Delta wave (1 to 3 Hz) refers to the states of mind of expanded consciousness. 
The Theta wave is the state of meditation, intuition, creativity and memory. The 
Theta wave is in a frequency range (4 to 8 Hz). It is possible to show that the 
sample shown in Figure 5 has its frequency range of attention at 798 points. Al-
ready followed by meditation at 486 points. Still during the decision-making 
with the educational content, the trend line among the participants had R2 of 
0.043 and R2 0.0059 for meditation, thus showing the differences in measures 
between the comparative studies. 

5. Conclusion 

This research brought the research approach on systemic neuroscience, in 
which, the objective was to expose some experiences of neuroscience in the 
teaching process, studying the regions of the brain in the processes of measures 
evoked from attention spectra. 

The diagram of the operational flow of the chatbot, to the questions proposed 
by the bot in Portuguese language, refers to the educational content approached 
according to the theme proposed by the teacher, together with the social interac-
tions compared here in the study. The results obtained in the study are satisfac-
tory and show a good perspective on this type of educational approach. 

Teachers still find it difficult to produce interactive educational resources, as 
in some situations it is necessary to have prior knowledge in programming lan-
guages and web development. Therefore, the platform like Zenvia can be a pos-
sibility, as it does not require advanced knowledge and is an attractive educa-
tional resource for teachers. It is still an emerging technology that with distance 
learning teaching will be increasingly in evidence and with more advanced ar-
tificial intelligence techniques. 

This study has some limitations, although some articles have educational con-
texts, they are mostly not for educational purposes. However, this study sought 
to investigate the area of educational chatbot. To develop a chatbot with various 
purposes and functions for educational purposes, it is necessary to make several 
efforts with more specialists. 

Subsequent developments involve the application of other approaches pro-
posed by more teachers in various contexts and an improvement in the online 
platform to make it more robust in its knowledge base. 
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