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Abstract 

The psychological approach to education and communication using robotics systems based on learning theory, human-
agent interaction, biological analysis, and cognitive science is becoming increasingly important in activities such as 
education and driving assistance. We are developing these systems by integrating advanced topics of information, 
biological, and robotics research.  

Keywords:  Education; Communication; Robotics; Feasibility research 

1. Introduction

Recently, many communication and intelligent robot researches have been proposed. Group behavior with cooperation 
was considered by CEBOT [1]. Asama et al. considered efficient negotiation which is realized by a newly developed 
communication functionality called groupcast and a learning mechanism utilizing historical records as ACTRESS [2]. 
Blackboard-like system is used to coordinate planning and scheduling the tasks by GOFER [3]. Steels considered 
cooperation between distributed agents through self-organization [4]. Kube and Zhang mentioned behaviour based 
robots to perform tasks without centralized control [5]. Dudek mentioned taxonomy for the characterization of multi-
agent robotic systems [6]. In cooperative robotics, agent modeling has been explored by Donald [7]. Reinforcement 
learning was considered by Barto et al. [8] and Parker [9]. Littman considered framework for multi-agent reinforcement 
learning [10]. Distributed Artificial Intelligence (DAI), Distributed Problem Solving (DPS) and Multiagent Systems (MAS) 
discussed by CAO [11]. Fujimoto developed multiple robot collaboration system using the database and task scheduler. 
A collaborative task experiment by multiple robots in a human environment using the Kukanchi System [12]. Asada 
mentioned motor representation and spatial perception is one of the most fundamental issues of Cognitive 
Developmental Robotics (CDR). But he did not proceed synthetic approaches because lack of good platforms [13]. These 
researches are basic element of human and robot communications and nowadays we have basic platform of robotics 
system. These must have the ability to interact more naturally with humans by using verbal, nonverbal representation 
and knowledge database. In this study, we aim to developed an education and communication system to improve 
students’ motivation and their learning effects, integrating information technology, robotics and artificial intelligence. 
Moreover, we focus on the system design based on the effect of color that can affect students’ psychological and 
behavioral responses [14, 15].  

In this paper we present a brief introduction to the major technological elements in our research and provide some 
discussion on the color effect in an educational environment in terms of behavioral and biological information analysis, 
data mining, and human-robot interaction.  
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2. Research Elements 

We are researching five research themes for education and communication with human using robotics by using color 
psychological science. 

2.1. Influence of Robot Expressing Atmosphere Using Utterance Mind 

It has been clarified that a person unconsciously expresses the feeling "utterance mind" such as "I want to talk" when 
acting on speech as behavior. In this research, paying attention to the concept of "utterance mind", it is thought that a 
robot can read human atmosphere by implementing behavior that expresses "utterance mind" on the robot [16]. Figure 
1 shows emotion recognition experiment system. 

2.2. Heart Rate Variability Analysis with Pneumatic Pressure Sensor 

We developed a measurement system with pneumatic pressure sensor for heart rate variability analysis (Fig.2). Heart 
rate variability (HRV) analysis is a non-invasive measure for assessing the autonomic nervous system (ANS) activity 
[17]. The pressure sensor can detect the ballistocardiograph (BCG) signal caused by bodily movement cyclically arising 
from the ejection of blood into the great vessels with each heartbeat. The measurement system can gather the data of 
the involuntary movements without any wearable device. 

2.3. Data Mining for Discovering Educational Rules from Log Data 

Through practices of the education and communication robots, large amounts of log data are generated. They are then 
used as inputs for mining or discovering educational rules from the log data of experiments. A text matching algorithm 
using the Longest Common Subsequence (LCS), a well-known algorithm of dynamic programming, is developed to 
provide partial matching functionality of texts, and then it is incorporated in an Apriori-based data mining algorithm to 
discover educational rules derived from experiments using the proposed robots for educational communication. At the 
first stage of development, the data mining algorithm is applied for finding programming patterns and rules using a 
package of Java programs composed of about 370,000 lines of source code, i.e., Java SWING graphics package. Figure 3 
shows the example of co-occurrence words extraction and their graphic representation. Implementation of the 
following functions is in progress for the purpose: 

 Co-occurrence words extraction and their graphic representation, 
 Statistical analysis of co-occurring words and rule generation, 
 Support function for combining rules to generate higher rules or knowledge on education and communication. 

 

Figure 1 Emotion recognition experiment system. 
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Figure 2 Measurement system with the pneumatic pressure sensor. 

 

 

Figure 3 Example of co-occurrence words extraction and their graphic representation. 

2.4. Human Behavior Recognition and Control the Robot Actions 

Recently, many robots to perform the guidance and receptionists have been utilized in a variety of places [18,19], but 
those that move around are very few. In this research, we aim to develop a mobile system for the Pepper robot that can 
be easily introduced at educational sites, such as classrooms. Teachers are called by a show of hands in some cases of 
lectures. The Pepper robot needs ability to recognize the show of hands and move to the hand's position by following 
the black line. We developed a function to recognize the students who are raising their hands in the classroom using 
skeleton detection from monocular camera images. We were able to recognize the show of hands from the Y axis 
information of their shoulders, elbows, and wrists. In addition, we were able to determine which columns they were 
sitting from the XY information of their neck. In order to trace a line for Pepper, we developed a function to allow Pepper 
to discriminate black tape affixed to surfaces in a classroom in directions using deep learning. The deep learning 
network was made by using transfer learning the learned VGG16 network. Figure 4 shows moving robot by recognition 
of student’s hand state. 
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Figure 4 Moving robot by recognition of student’s hand state. 

2.5. Human Education Based on Mental State 

In education, not only promoting effective understanding but also teaching behavior taking into consideration the 
learner's mental state becomes important. In order to conduct teaching behavior at the same time as analyzing the 
mental state, we need robots and agents. In this research, we analyze the influence of robot's own teaching behavior on 
learner's mental state. Furthermore, we propose an environment including a teacher robot, a TA robot and student 
robot (who is a partner robot). 

 

Figure 5 Color changing experiment during education.  

3. Results  

First, utterance mind expression for a communication system with a robot was applied in our system. We verify that 
investigate whether it is possible to facilitate communication with people by implementing "utterance mind" in emotion 
recognition through the humanoid Pepper. 

The second element is estimation of the student condition using heartbeat. To detect the heartbeat, we applied a fuzzy 
spiking neural network as a pulse oscillator to generate a simulated heartbeat signal. Furthermore, we conducted an 



Sone et al. / Global Journal of Engineering and Technology Advances, 2020, 02(01), 008–013 

12 
 

experiment in a real environment. In the experiment, the proposed system detected the change in the LF-HF ratio 
corresponding to the subject’s psychological state. 

The third element is data mining for discovering educational rules from log data. We executed apriori-based data mining 
to discover educational rules derived from experiments using robots proposed for educational communication. The 
results are promising in terms of functionality and time performance. In the next stage, we are planning to apply the 
algorithm to discovering rules from the log data obtained from actual experiments using education and communication 
robots. 

The forth element is recognition of student’s behaviours. We developed analysis function by student skeleton using 
OpenPose. Then we can recognize the behavior of raising hand. Teaching assistant robot is needed to move close 
position for rising hand student. We developed moving function to such student using line trace. We applied template 
matching of deep learning for line trace. 

The fifth element is human education. In the first experiment, we investigated the influence of some statements ("This 
is important point." and "Be quiet.", etc.) with colored eyes in robots. As a result, it was revealed that the presented color 
affects the learner's impression, especially impression changes depending on learner's way of thinking about learning. 
In the second experiment, we investigated the impression when the robot speaks with colored eyes using script of an 
actual teacher. As a result, it was revealed that the presented color influences learner’s mental state also in the context 
of the actual lesson. Figure 5 shows Color changing experiment during education. 

4. Conclusion 

We researched and developed the main element of human education and communication assist using robotics. Color 
phycology effects were observed by robot education. Our base technologies are human agent interaction, biological 
analysis, text mining, deep learning, robot control and education with mental state method. We will integrate these 
technologies and will build high levels human education assistance and communication robotics system based on color 
science phycology in the near future.   
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