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Abstract

:

Under the vigorous development of global anticipatory computing in recent years, there have been numerous applications of artificial intelligence (AI) in people’s daily lives. Learning analytics of big data can assist students, teachers, and school administrators to gain new knowledge and estimate learning information; in turn, the enhanced education contributes to the rapid development of science and technology. Education is sustainable life learning, as well as the most important promoter of science and technology worldwide. In recent years, a large number of anticipatory computing applications based on AI have promoted the training professional AI talent. As a result, this study aims to design a set of interactive robot-assisted teaching for classroom setting to help students overcoming academic difficulties. Teachers, students, and robots in the classroom can interact with each other through the ARCS motivation model in programming. The proposed method can help students to develop the motivation, relevance, and confidence in learning, thus enhancing their learning effectiveness. The robot, like a teaching assistant, can help students solving problems in the classroom by answering questions and evaluating students’ answers in natural and responsive interactions. The natural interactive responses of the robot are achieved through the use of a database of emotional big data (Google facial expression comparison dataset). The robot is loaded with an emotion recognition system to assess the moods of the students through their expressions and sounds, and then offer corresponding emotional responses. The robot is able to communicate naturally with the students, thereby attracting their attention, triggering their learning motivation, and improving their learning effectiveness.
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1. Introduction


Anticipatory computing (AC) has become increasingly popular in technological applications and computer science. The development of AC can be dated back to 1985 and the work of Robert Rosen [1]. Anticipatory system applications consist of sensors, human–computer interactions (HCI), artificial intelligence (AI), and content estimation [2,3,4,5,6]. There are four major AC capabilities: sensing, context prediction, content estimation, and smart behavior [7,8,9,10]. The authors of [10] proposed a machine learning approach for controlling the flow of products from their respective storage locations to the packing area in a retail distribution center.



Education is the most important factor in realizing sustainable life, through which people gain new knowledge and thrive in academic achievements. Education has led to the rapid global development of science and technology, the popularization of the internet, and the extensive application of robotics and AC. The authors of [11] presented an innovative approach to promote AI in Education 4.0. The authors of [12] studied an anticipatory agent based on the Anticipatory Learning Classifier System (ACS) for learning in changing environments. The authors of [13] proposed a fast machine-learning-based reading algorithm to identify the important elements of a story that are handed down despite temporal and spatial differences. The authors of [14] demonstrated that machine learning can be used as a tool to successfully conduct interdisciplinary education at the middle school level. The authors of [15] proposed a small piece of a set of modern tools for informatics and electrical engineering education. The authors of [16] presented impressive steps of the use of data analysis and prediction. The authors of [17] showed the outcomes of a research and development project aimed at a setup for predictive learning analytics.



Robots are being used for education more frequently in recent years. In addition, robotics has moved toward universal education, such as robots for sign language counseling [18] and robotics for kids [19]. These are only parts of the ongoing research in recent years, but representing robotics research, invention, and application of technology in the scope of education. Robotics involves a wide range of knowledge, technology, and comprehensive aspects, thus resulting in a different robotics education. According to robot education experts’ research and practice, the applications of robot education can be divided into five types, which will be detailed in the following sections.



1.1. Robot Subject Instruction (RSI)


Robot Subject Instruction (RSI) refers to robotics as a science, at all levels of various types of education and specialized courses, so that all students generally grasp the basic knowledge of robotics and its related basic skills. The teaching objectives are as follows:



Knowledge goals: To understand the basic knowledge of robot software engineering, hardware structure, functions, and applications.



Skill goals: To be capable of robot programming and compilation, the assembly of a variety of robots with practical functions, the use and maintenance of robots and smart appliances, and the independent development of software-controlled robots.



Emotional goals: to cultivate an interest in AI technology, and to truly recognize the role of intelligent robots in social progress and economic development [20]. Robot education has become part of the subject curriculum, especially for the teaching experience of primary and secondary school teachers, as well as their equipment, venues, and activity funding, and it thus presents great challenges.




1.2. Robot-Assisted Instruction (RAI)


Robot-Assisted Instruction (RAI) refers to robots as the main teaching media and tools for teaching and learning activities. Compared with the robot courses, robot-assisted teaching is characterized by the fact that it is not the main teaching tool, but rather, an auxiliary tool [21]. It acts as a helper, a companion role that ordinary teaching aids cannot play, due to their lack of intelligence. Similar to RAI, an environment, or intelligent equipment, it plays a teaching are the concepts of Robot-Assisted Learning (RAL), Robot-Assisted Training (RAT), Robot-Assisted Education (RAE), and Robot-Based Education (RBE).




1.3. Robot-Managed Instruction (RMI)


Robot-Managed Instruction (RMI) refers to the role that is played by robots in the planning, organization, coordination, direction, and control of classroom teaching, educational affairs, finances, personnel, equipment, and other teaching management activities [22]. Robot management is characterized by its automation and intelligence is related to its organizational forms, its organizational efficiency, etc. It fills a kind of auxiliary management function. Therefore, robot management teaching has become a welcome companion for many educators.




1.4. Robot-Represented Routine (RRR)


Robots have an analogous type of human wisdom, as well as a partly human function; thus, they can replace teachers and students in dealing with some things, other than classroom teaching [18], such as the borrowing of books, note-taking, meals, playing games, etc. The purpose of using the agency functions of robots is to improve their learning-related functions and to promote the improvement of learning efficiency and quality.




1.5. Robot-Directed Instruction (RDI)


The highest level of robot application is in the field of education. At this level, the robot is, in many ways, no longer a supporting actor; instead, it becomes the master of the organization, implementation and management of teaching. Robotics is the object of our study. AI, combined with virtual reality technology, and multimedia technology, makes it a possible alternative for human teachers. It is extremely important to determine how it can become more in line with the development of education.



According to the five robot education classifications above, our system adopted the RAI method to assist the teacher in the classroom and to detect and identify the emotions of students. Our research adopts a big data emotional dataset (the Google facial expression comparison dataset), combined with the AI emotion software to design an emotion detection system. We aim to improve the learning environment of students by improving their interest, motivation and effective learning. Our system adopts the AI emotion software, which consists of foundational data such as 9 M + faces, 87 countries, 5.1 B facial frames and six years’ of video data, and it is described as follows: firstly, the facial features are detected, and secondly, emotion recognition adopts deep learning to identify human emotions. The emotion AI lists all the emotion scores, such as anger, contempt, disgust, fear, happiness, neutrality, sadness and surprise, and the highest score reflects the user’s emotions, as shown in Figure 1.



Moreover, in recent years, many schools have adopted digital teaching platforms for curriculum assistance [23]. The purpose is to use the curriculum to enable teachers and students to employ communication and information transmission outside the classroom, as well as to facilitate time-saving. However, there is still no effective way of improving the motivation of the class and the effectiveness of learning in the physical classroom unless the teacher’s classroom teaching method is interesting and attractive enough for the students to keep focused; if a teacher cannot do this, most students may feel that the class is boring, or they will not understand the purpose of learning, which will lead to low participation in the classroom and poor learning effectiveness.



To promote the interaction of collaborative learning in the classroom and the adaptation and understanding of the classroom content, we intend to design a robot that can be used for teaching, and that can cooperate with the teachers in the classroom and interact with students, by using different pronunciations and intonations to assist them in their class learning [24]. The robot that we use is the ASUS Zenbo robot and Zenbo scratch programming (Figure 2). Zenbo programming is scratch-based coding that is used for children and it is easy to program by graph block. The students can use Zenbo Scratch to code their own Zenbo interactive animations. Figure 2 shows our interactive animated Zenbo scratch code. In this system, we also added the T&S (Teacher & Students) mobile platform and the ARCS teaching method that was proposed by Keller [8]. The goal is for the robot to help both the teachers in the classroom or the students after class. Robots can be used to teach middle school students, where teachers can use them to organize their teaching courses and let students interact with them, to enhance their interest and willingness to learn mathematics. The final goal of our approach is for students to improve their motivation and learning outcomes. Our proposed digital learning system, which is based on emotion big data, can help the teacher to notice the student’s learning performance. Our work is significant in the following four ways: Firstly, according to big data feedback, our system can improve the performance of both the teachers and the students. Secondly, according to the feedback of students and the big data, the teacher can analyze each student’s learning statement. Thirdly, teachers are able to track the students’ learning patterns. Finally, our system can retrieve better insights from the big data learning process. Our system adopts Emotion AI as a feedback tool to detect the students’ facial expressions, and it records the students’ facial expressions, as well as their learning features data. If we can collect more and more data on learning features, this could improve the educator’s teaching model, and we could predict the students’ learning performance, using machine learning or the deep learning tool.





2. Related Work


In the past few years, much research has focused on collaborative e-learning, as it has become an important cornerstone of the e-learning system. The digital learning platform enables students to study together, regardless of their geographic location or time limits [25,26]. These educational environments are designed and committed to encouraging both personal and group work in all areas of teaching, as well as to make collaborative learning more efficient, while modern learning has also begun to use AI as a suitable solution. There are currently quite a few collaborative learning systems that are used to solve problems; for example, in English teaching in primary schools, in high school vocational courses, and even in the execution of business operations [27]. However, most of these studies focus on electronic collaborative learning platforms in order to make them a conduit for users to learn online, to have discussions with each other and to access new knowledge. Today, there are already well-functioning and user-friendly digital learning management systems, such as Moodle, Edmodo and Blackboard, and Massively Open Online Courses (MOOCs) [26] (see Figure 3).



A robot is used by the Aichi Nagoya University School of Engineering in Japan as a classroom teaching aid [24]. It uses the voice of the robot, intonation and facial expression changes to assist students and teachers with classroom interaction. This will change the traditional model of the classroom that has always been led by teachers in the past; instead, the robot will help the teacher to teach and the students to learn in the classroom. Robots are also used to assist pupils with their language exercises [28]. These cases have been statistically analyzed, and the results have proven that such practices can attract the attention of the students and improve their attitudes towards learning. The big data is integrated into the human context in many applications on the internet. Lytras et al. [29] analyzed the main aspects of big data and data analytics research, and provided metaphors for the future. Drawing from the detailed big data analysis of the outcomes of an international pilot study [30], they show-cased even the most educated users of smart city services. The multimodal emotion analysis is a very popular research topic that is based on big data methods, semantic rules and machine learning, by using different techniques [31].



Currently, there are convenient online platforms that help students to learn after class. However, if classroom teaching involves robot participation, which is our plan, it would change the status of teachers and students in the classroom, and it would increase the students’ sense of fun in the classroom as well as a feeling of novelty. We look forward to using robots to increase classroom participation, to assist teachers in helping students to answer questions, to solve problems in the class, and to enhance learning motivation and effectiveness. Therefore, based on the digital teaching platform that can be used for learning and having discussions with, and among, students outside the classroom, and with the help of classroom-assisted robots, we aim to combine the two, in order to create a better way for students to enhance their willingness to learn and to improve their learning outcomes.




3. The Research Methods


The goal of this research is to apply anticipatory computing to robots, based on AI, to improve children’s learning by increasing their motivation in the classroom. Robots will become teachers’ assistants and help them to teach in the classroom. The integration of robots in the classroom can provide interactive teaching, with the teachers asking questions, discussing problems and helping students to find answers to their problems, stimulating the students’ enthusiasm and motivation for learning, improving the long-standing teacher-oriented teaching with passive students in the past, and developing the their high-level thinking skills. With the help of robots, teachers can use the class time to teach more effectively. Students can also improve the ways and attitudes toward self-learning because of changes in teaching methods, namely, the interaction between people and robots [3], thereby improving the learning outcomes and having a positive impact on future education and research.




4. A Mobile Network Exchange Platform


Because of the widespread and developed network today and the increasing number of people who have one or more smartphones, we use the T&S mobile platform as a communication platform for teachers and students to publish messages, discuss courses, communicate, interact with robots, and more. We use the network platform, called Tronclass, which also has an app to provide users with more convenient learning resources and the environment. The functions of the platform are also quite complete, including important learning indicators, such as fragmented, autonomous, guided and systematic learning (Figure 4). It not only helps teachers to understand student’s learning process, but also for teachers and students to use an online communication channel, to view the class content online (Figure 5 and Figure 6), to view student and teacher online interaction and feedback, to release messages, etc. The interface is quite simple, easy to understand and use, which can help teachers to understand the classroom situation and to save time, and it is also coupled with online learning, discussions, a test question bank, and other ways of helping students practice and learn. At present, quite a few domestic universities have adopted this system, in order to save teachers more time for other teaching tasks. Because our research focuses on the design of interactive robots, teachers must spend much more effort on class design and interaction in the teaching of robotics, while using the platform can save teachers time in the program.




5. Designing an Interactive Teaching Robot


The robot design and hardware equipment that we use is the ASUS Zenbo. For the software design, the method proposed by the Nagoya University Institute of Engineering [24] is used. The method proposed in the interactive teaching of the robot, the expression of the transformation, as well as the voice intonation and wording usage, can effectively enhance the learning attention, willingness and interaction of students, thereby achieving good results. We have specifically compiled easy-to-learn software into the robot, for example, “scratch” (Figure 7).



Along with a speech recognition system, which it can be easily, quickly and effectively understood and used, the robot also has networking capabilities. In other words, it can act as a mobile computer that responds and accesses the Internet by voice or by issuing programmatic instructions, so that teachers do not feel overly confused by their use. Therefore, Zenbo focuses on the expression, tone and vocabulary of the interaction between the teachers and students. Zenbo gives a happy expression and a pleasant tone when students answer the questions, and there are soothing expressions and encouraging words when students do not know the answers; in this way, Zenbo can communicate more like an average person, so that the interaction between teachers and students can be improved, which attracts the students’ attention and increases their classroom participation (Figure 8).



The design interacts with the teaching in the classroom, and the teacher’s questions and answers during the class help the students to better understand what is going on. It can also be designed to deliberately offer the wrong answer, to allow the student to correct it, and to confirm whether the student has understood the classroom content. When the teacher asks questions, the robot can also give the students reminders, give directions or prompt the students to find the answers. After school, robots can also be used by students to practice in the test bank. When you answer correctly, it gives praise via the table line and sound. When you answer incorrectly, it encourages you and gives some tips to help you solve the problem. If you keep making mistakes, the robot makes a joke. By using this approach, students can do more after-school exercises to enhance the effectiveness of their learning, as the robotic responses attract students and enhance their learning; even students with Tourette Syndrome can experience a happy and comfortable learning environment. Therefore, the focus of this research is the interactions of teachers, students, and robots in the classroom, which will also play an important part in improving the students’ motivation and learning outcomes.




6. Robot for Teaching Design


In terms of the teaching method design, we focus on the interactions of teachers, students, and robots. Because of the pressure of the learning environment, students are less likely to take the initiative to ask questions during classroom instruction, even if the teacher wants to know if the students understand. Therefore, when the teacher explains a new theory or problem-solving method, the robot can ask the teacher questions on time, and the teacher responds to the robot’s problem, in order to achieve interaction and enable the students to understand the problem. The teacher also finds some students in the classroom to answer the questions. Most of the students may be confused because they do not know the answer. At this time, the robot gives some tips and helps the students to answer the questions. Of course, all the questions and answers in the classroom must be designed by the teacher and asked by the robot, in order to elicit answers. The class adopts the ARCS motivation model, so that students can clearly understand the problem, find the answers, analyze the results and apply them in the various fields during their study. Finally, this method can be used to train the high-level thinking skills of students, so that they can begin to think independently and find the answers, instead of being provided directly with the answers.



Finally, with the method that we have designed, combined with the system of teachers, students, robots and digital platforms (refer to Figure 9), the students’ motivation and effectiveness in learning should be improved, so that they are able to solve the above-mentioned educational problems.



Introducing the function of each part of this system:



Network: With today’s academic collaborative learning, which emphasizes the system’s convenience and the current high coverage of wireless networks in Taiwan, the Internet uses Wi-Fi as a medium for data transmission and reception.



Digital platform: The Tronclass service is used as an interactive platform for teachers and students, both in- and outside the classroom.



ARCS Motivation mode: During the course, attention, relevance, confidence, and satisfaction serve as a benchmark for the evaluation of the measures that aim to cultivate the high-level thinking ability of students, and to enhance their learning motivation.



Robot: The use of robots to assist teachers in classroom teaching and presentation is done through dialogue and interaction, which adds to the classroom fun and enhances the will to learn.



Interactive teaching: In class, teachers, students, robots and interactive teaching methods are used to increase the students’ participation in the classroom [22].



AC based on AI: The AI set for the robot, namely, the emotion AI that detects the students’ emotions, enables corresponding interactions and responses, with interactive ways of asking questions and helping students to discuss the problem and find the answers in the classroom. Our system, using emotion AI, is the human emotion detection method that is based on a standard webcam on a robot. The emotion AI first detects human faces from images. The deep-learning algorithms (such as the Convolutional Neural Network, CNN) are adopted, to analyze the facial expressions. The emotion AI is trained by six million faces and the deep-learning method can achieve high performance and accuracy.




7. Planning to Enhance Learning Motivation and Effectiveness


We use the ARCS Motivation Model proposed by Keller (Figure 10) [28] to improve the motivation and effectiveness of students. The method emphasizes that learners must be motivated by four elements to stimulate their learning motivation. It suggests that the systematic teaching design must be strengthened and that students must be encouraged to participate and interact with each other, while providing the theory and practical application [8], combined with a variety of techniques to assist with their learning, as well as to solve incoherent learning and knowledge conflicts.




8. ARCS Mode Features


	
Attention to motivation and feelings of affection.



	
It can complement other theories of teaching design steps, by combining them.



	
It not only focuses on improving teaching effectiveness, but it also pays special attention to learning interest, through a series of strategies, to enhance the interest of learners and to achieve learning effectiveness.






According to ARCS motivation (Figure 9) to achieve learning outcomes [25], this method combines current theories of learning motivation, such as the cognitive, humanistic, social learning and behavioral theories, etc. (Table 1), by analyzing and summarizing new explanations. This motivation model, combined with various perspectives of the motivation theory, can provide teachers with the appropriate teaching strategies.



It can be seen from the above that planning and design of the ARCS model uses a series of strategies to enhance the interest of learners, and to promote their learning effectiveness. Therefore, we divide the robot into the four elements (ARCS), as discussed below:



Attention: In order to attract the interest of the students, as well as to stimulate their curiosity, we put the teaching robot, Zenbo, in the classroom, with its rich expression and self-introducing voice and timely questions, to attract the students. Another important point is the provision of change, in order to stimulate the students’ need for knowledge. In class, Zenbo helps students to answer questions and encourages them to be more confident and courageous, by asking and answering questions in the classroom.



Relevance: Personal relevance is established. Although attention and curiosity are necessary, they cannot be sufficient learning conditions; students need to be aware of the need to pursue their goals, to develop a learning style, and to connect them with their past learning experiences. In class, the program’s curriculum is based on the middle school basic mathematics for teaching; we use Zenbo to play videos and communicate with students, so that they can identify whether they are interested in learning about math, and how they relate to what is going on in their lives, and how to achieve a clearer learning motivation.



Confidence: A clear learning goal builds confidence. In order to build the students’ confidence in learning, the teachers arrange online tests, most of which are not too difficult, but very close to current events or topics related to the students, and Zenbo helps them to solve problems. When the students are successful in a problem-solving session, they could understand how a problem is solved and how it can prove to be useful in the real world, so that their confidence in learning is increased, they become more motivated, and have a sense of belonging.



Satisfaction: In order for students to actively engage in the learning experience, to feel satisfied and to apply what they have learned, we use the test method. The content, as well as the problem-solving skills and the methods used, are all offered in class. It is not difficult for students to answer the questions, nor is it difficult to encourage them to learn and get a good score, and to feel satisfied. Not only can it be used in real-life situations, but students also become proud and satisfied with their learning outcomes during the semester, as they finally achieve a sense of self-satisfaction and their learning is effectively enhanced.



The following corresponding strategy shown in Table 2 lists the use of the elements of ARCS motivation:




9. Experiment Method


The research method was conducted by the “teacher, who is the researcher” and who carried out the ongoing research experiment. The Tronclass learning platform and the teaching robot are used as classroom aids to confirm whether the students’ motivation and learning effectiveness can be improved in the teaching of sustainable learning. Our proposed robot-assisted instruction learning system adopted AI to recognize the students’ emotions when they are learning. The assisted learning system is based on AI.



The class is divided into two classes, namely, Class A, the experimental group, and Class B, the control group (Table 3), to compare the effectiveness of the two classes and to confirm whether robot-assisted teaching can enhance the students’ willingness to learn and achieve.



The experimental group is a class that implements digital platform and robot teaching. The control group teaches traditionally, without robot-assisted instruction. In order to get the most objective and accurate results, both classes must pass the pre-test, in order to confirm that the scores do not differ greatly. The average score is compared. The number of classes are three hours per week, and each class is 50 min long. The content of the textbooks is the same and the two sides do not know each other’s teaching situation. At the end of the semester, the two classes take the post-test on arithmetic and problem-solving, based on the basic sustainable learning of the semester. Finally, they fill in the motivation scale and questionnaire; the teacher will then conduct a statistical analysis and report to see if the students had any help in the new class or from the robot (Figure 11). Our study focused on robot-assisted teaching in the traditional classroom, using the digital platform. Therefore, the students were divided into two groups, namely, the robot-assisted group and the non-robot-assisted group. Our system adopted the robot and the digital platform-assisted group in the traditional classroom. After school, the students can solve their question by asking the robot in front of the rest of the class. Our system has definitely verified that the robot interacts with the students, which improves their learning motivation.




10. Statistical Results and Analysis of Experimental Results


The results of the test are determined by the teacher. The statistics include the average of the pre-test scores and the post-test scores and the total average of the progress score, to assess whether the learning effectiveness of the students improved with the interactive teaching of robots. Our learning system was adopted by middle school students and the learning study top group is about the middle school mathematics domain. We tested the experimental group and the control group. The sample numbers are 25 and 25, respectively. The t-value and p-value are shown in Table 4, where we find that the four factors (ARCS) are extremely significant when using the anticipatory computing and emotion big data for sustainable education learning. Our research investigation is mainly on teaching-assisted robots for classroom teaching, as well as the satisfaction and learning motivation of the teachers and students. This study focused on the students involved in this course, and the Student Learning Motivation Scale questionnaire design was used shown in Appendix A (Table A1). The design of the questionnaire was adapted from Keller (IMMS, Textbook Motivation Scale) [9], which is a tool for the ARCS model that is used to determine the learner’s motivation. The questions contained four subscales, which were used to measure the learners’ attention, as well as the relevance, confidence, satisfaction and learning motivation of the teaching material, using the Likert five-point rating scale, from being very much disapproved (1) to very agreeable (5): the higher the score, the stronger the motivation, and vice versa. The topic is divided into four parts, namely, there are seven questions on Attention, seven questions on Relevance, seven questions on Confidence, and five questions on Satisfaction.




11. Conclusions


Digital learning on big data relies on the following: (1) From the big data extracting the efficient learning features, teachers can improve their teaching processes. (2) To predict the student’s performance, the teachers can identify the learning difficulties of the students. (3) The students can help to extract learning features from the big data. The goal of this research is to apply anticipatory computing to robots and to assist teachers in their teaching, which is shown in Figure 12. We adopted the robot and digital platform-assisted system in the traditional classroom. After school, the students can solve their questions by asking the robot in front of the class. Our system has definitely verified that the robot interacts with the students, which improves their learning motivation. The most important purpose is to increase students’ sustainable learning motivation and to improve their learning outcomes, and interactive teaching is provided to stimulate the their enthusiasm for learning and their motivation, to improve the past teacher-oriented teaching methods, to integrate the robot into the classroom, to participate in the curriculum and to help the students to find solutions to problems and cultivate high-order thinking skills, based on anticipatory computing and emotion big data. This will improve the learning outcomes and have a positive impact on future education and fields of research. Our proposed system adopts digital learning in the big data discussion on emotion AI, and our system can improve the students’ performance and the teacher’s teaching techniques according to the big data. Our proposed digital system can detect the student’s emotions when they are learning, and the robot can give immediate feedback on their emotions. It is suitable for all students, based on their emotional classification, and it builds the assisted-teaching platform to help the teachers in class.
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Table A1. Questionnaire.






Table A1. Questionnaire.





	Question





	Attention



	[1] It’s very interesting to hear the robot presentation.



	[2] It’s very interesting to interact with the robot.



	[3] It’s very interesting to see the robot help me answering question.



	[4] It’s boring to interact with the robot.



	[5] The robot can help me to pay attention in class.



	[6] The robot assists me doing more exercises.



	[7] The interactive learning helps me to focus more.



	Relevance



	[1] The interactive learning method helps me to understand the content.



	[2] The robot can help me understanding the question.



	[3] The robot’s suggestion is very helpful.



	[4] The interactive learning cannot help me understanding the content.



	[5] The robot can help me to be more constructive.



	[6] The interactive learning can let me feel more related to the contents.



	[7] The robot can help me quickly find the answer.



	Confidence



	[1] The content in the class is not difficult for me.



	[2] The robot can help me more feel comfortable in class.



	[3] The interactive learning helps me more to be creative.



	[4] After interactive learning, I can find the best solution.



	[5] After interactive learning, I do not feel I have learnt new knowledge.



	[6] After interactive learning, I often discuss with my classmates.



	[7] After interactive learning, I can perform well.



	Satisfaction



	[1] After interactive learning, I feel more satisfied with my learning.



	[2] I’m satisfied with my homework.



	[3] I would like the robot assisting me to find answer.



	[4] I don’t like interacting with the robot.



	[5] I’m satisfied with my learning activity in class.



	[6] I’m satisfied with team work in class.



	[7] I’m satisfied with my exam score in class.
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Figure 1. Our emotion AI software results. 
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Figure 2. The Zenbo scratch programming. 
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Figure 3. Digital learning platform: Moodle [26]. 
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Figure 4. Tronclass digital platform. 
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Figure 5. Tronclass UI. 
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Figure 6. Tronclass announcement. 
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Figure 7. Zenbo scratch. 






Figure 7. Zenbo scratch.



[image: Sustainability 12 05605 g007]







[image: Sustainability 12 05605 g008 550] 





Figure 8. Zenbo expression reaction (top left to bottom right were shy, stunned, confused, interested, happy, tired). 
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Figure 9. System concept illustration. 






Figure 9. System concept illustration.



[image: Sustainability 12 05605 g009]







[image: Sustainability 12 05605 g010 550] 





Figure 10. Arcs motivation mode. 
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Figure 11. Research method flow chart. 
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Figure 12. The interaction of the Zenbo Robots with the middle school students in class. 
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Table 1. Supporting teaching strategy table.






Table 1. Supporting teaching strategy table.





	Learning Mechanism
	Meaning in Education
	Principles that Enhance Students’ Motivation
	Corresponding ARCS Mode





	Cognitive
	1. Empowering learning materials

2. Scaffolding theory application
	1. Use situational issues, symbols, pictures, and analysis to elicit students’ attention
	Attention—Learning first

Arouse the attention of learners



	Humanity
	1. Demand hierarchy

2. Student-centered

3. Meaningful learning
	1. Teachers should pay attention to whether the basic needs of students are met.

2. Cultivate students’ self-development or self-realization
	Relevance—Content needs to be related to student life (Student-centered)



	Social learning
	1. Imitation and cognition are behavioral changes

2. Model learning
	1. Confident to complete the task

2. Learn from people with successful experience
	Confidence—Learners can confidently complete tasks (Self-efficacy)



	Behavior
	1. External control incentive

2. Reward greater than penalty

3. Means of purpose
	1. Give students reinforcement and turn external enhancement into self-enhancement
	Satisfaction—Behavioral performance is rewarded and satisfied
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Table 2. Supporting teaching strategy table.
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	Motivation Element
	Purpose
	Definition
	Teaching Strategy





	A: Attention
	1. Sensory attraction

2. Inquiry into the problem

3. Maintain with change
	Attract students’ interest and stimulate student curiosity
	Using the characteristics of the learning platform to attract the attention of learners, thereby increasing the visibility and learning of the textbook.

The robot uses a teaching interaction mode (expression and sound) to interact with students to avoid boredom.



	R: Relevance
	1. Similar events

2. Establishment of goal orientation

3. Cooperate with the learner’s movement

Machine demand
	Meet the individual needs and goals of the students, to develop a positive learning attitude
	The use of robots to convey knowledge so that students can apply what they have learned to daily life, and feel that the teaching theme is “relevant”.



	C: confidence
	1. Essential conditions for learning

2. Provide opportunities for learning success
	Help students build confidence in their success and believe that they can master their tasks.
	In classroom teaching, teachers, students, and robots are used to create a more relaxed and stress-free classroom environment, so that students are brave enough to engage in challenging tasks and improve their confidence in learning.



	S: Satisfaction
	1. Natural result

2. Positive result

3. Maintain justice
	Students can get internal and external drumsticks and rewards for their achievements.
	The robot encourages students to feel the freedom of learning with encouragement and fun interaction, so that they can improve their learning motivation after satisfying their sense of accomplishment.
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Table 3. Experimental group and control group teaching content and methods.






Table 3. Experimental group and control group teaching content and methods.





	Teaching Content and Methods
	Experimental Group
	Control Group





	Course time
	50 min/per class, 3 classes/per week
	50 min/per class, 3 classes/per week



	Course Contents
	Middle school instruction
	Middle school instruction



	Teaching methods
	Using teaching robots and ARCS motivation model as the classroom interaction method
	Using traditional slides to teach



	Software and hardware equipment
	Tronclass digital platform, computer, video recorder, researcher, robot (Zenbo)
	Tronclass digital platform, computer, video recorder, researcher



	Practice question bank and test method
	Digital platform test bank practice, robot interactive practice, pre-test, post-test
	Traditional digital platform test bank practice, pre-test, post-test.
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Table 4. T value and p value of Experimental Group Control Group.
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Experimental Group

	
Control Group

	
T Value

	
p Value




	
Mean

	
Std.

	
Mean

	
Std.

	






	
Attention

	
Score

	
3.35

	
0.71

	
1.8

	
0.54

	
8.688

	
0.000 **




	

	
Reverse question Score

	
1.72

	
0.54

	
1.68

	
0.57

	




	
Relevance

	
Score

	
3.46

	
0.86

	
2.12

	
0.57

	
6.493

	
0.000 **




	

	
Reverse question Score

	
1.57

	
0.532

	
1.62

	
0.53

	




	
Confidence

	
Score

	
3.77

	
0.68

	
2.43

	
0.56

	
7.605

	
0.000 **




	

	
Reverse question Score

	
1.56

	
0.57

	
1.67

	
0.55

	

	




	
Satisfaction

	
Score

	
3.36

	
0.72

	
2.02

	
0.68

	
6.765

	
0.000 **




	

	
Reverse question Score

	
1.62

	
0.7

	
1.45

	
0.602

	








** p < 0.01.
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