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Preface

Embracing a New Era: Facilitating Teaching and Learning through
Robotics

I Artificial Intelligence and Robotics in Education

Artificial intelligence (Al) is rapidly developing, which has already brought us to what can be considered the “intel-
ligent era” where Al has penetrated almost every aspect of society. This can be seen by the series of sophisticated
products and services that have emerged to form an “Al ecosystem” which has brought with it the benefits of the
technology to individuals, to businesses and to service of public interest. In 2019, UNESCO published the Beijing
Consensus on Artificial Intelligence and Education (UNESCO, 2019), the first ever document to offer guidance and
recommendations on how best to harness Al technologies for achieving the Education 2030 Agenda. In 2021, Unit-
ed Nations Educational, Scientific, and Cultural Organization (UNESCO) issued “Al and education: guidance for pol-
icy-makers” (Miao et al., 2021) which shared the belief that the use of Al-enabled or ‘smart’ robots in education is a
way in which Al can be leveraged to enhance education. In “Gathering Strength, Gathering Storms: The One Hun-
dred Year Study on Artificial Intelligence (AI100) 2021 Study Panel Report” (Michael et al., 2021) issued by Stanford
University, robotics is also regarded as one of the most important advances in Al, and its development was driven
in part by the need to support social distancing during the COVID-19 pandemic. In 2022, UNESCO published “K-12
Al curricula: A mapping of government-endorsed Al curricula” (UNESCO, 2019) to guide the future planning of en-
abling policies, the design of national curricula or institutional study programs, and implementation strategies for

Al competency development.

Al and education
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Figure 1 Beijing Consensus on Artificial Intelligence and Education (left)
and Al and education: Guidance for policy-makers (right)




Learning for All with AI? 100 Influential Academic Articles of Educational Robots

I Guiding Policies for Promoting
Educational Robots

Various countries all over the world have issued
statements regarding Al in the field of education. The
US National Science Foundation issued the “US Inno-
vation and Competition Act of 2021” (United States,
2021), which clarified that Al was identified as a key
field and would become a focus of the United States
in responding to challenges. The Ministry of Defense
of the UK released “The Defense Artificial Intelligence
Strategy” (UK Ministry of Defence, 2022) which elabo-
rated on the importance of Al, the strategic vision of
the British government for Al, the advantages of the
development of artificial intelligence in the UK, the
four strategic objectives and the methods to achieve
these strategic objectives. The German government
likewise published its strategy for Al in 2018 (Germany,
2018). This strategy put forward three core objectives,
twelve action areas and relevant promotion measures
for the development of Al technology in Germany, in
order to accelerate the development and application
of Al technology and ensure Germany's future com-

petitiveness.

Against a background of fierce competition, the State
Council of China published “Development Planning
for a New Generation of Artificial Intelligence” (State
Council of China, 2017) in 2017, putting forward the
guiding ideology, strategic objectives, key tasks and
guarantee measures for the development of China's
new generation of Al. The Ministry of Education of Chi-
na has additionally issued the “Educational Informa-
tization 2.0 Action Plan” (Ministry of Education of the
People’s Republic of China, 2018) in 2018 and “Guiding
Opinions on Promoting the Construction of New Ed-
ucational Infrastructure and Building a High-Quality
Education Support System” (Ministry of Education
and other six departments of China, 2021) in 2021.
All these statements set the strategy of educational

transformation and modernization, by strengthening

the research and application of key technologies such
as intelligent teaching assistants, educational robots,
intelligent companions and those related to language

and text informatization.

I Learning with Educational Robots

Educational robots form an important part of the
smart learning environment. In recent years, there
has been a rise in the popularity of the application of
robots in education to offer teachers and students
interactive and engaging ways to enhance the learn-
ing process. Around the world, governments are
launching initiatives aimed at the optimal use of ro-
bots that incorporates Al to advance education in this
intelligent era. In China, 15 departments including the
Ministry of Industry and Information Technology have
issued “The 14th Five-Year Plan” for robot industry de-
velopment in 2021. In the report, it is proposed that
service robots and special robots should be applied in
the fields of warehousing and logistics, education and
entertainment, cleaning services, security inspection,

medical rehabilitation, etc.

Scientific breakthroughs and practical explorations
have been made over the past decades in each of the
above-stated fields, and this trend is forecasted to
continue throughout the near future. Numerous pub-
lished studies emphasize the improvement of learn-
ing performance and accomplishment of teaching
goals through robotics. Incorporating robotics in edu-
cation is essential for educational environments seek-
ing to provide novel and innovative learning methods
needed to equip students with twenty-first-century
skills such as fostering and enhancing thinking skills
(Evripidou et al., 2020), problem-solving skills (At-
matzidou et al., 2017), creativity (Nemiro et al., 2017),
motivation (Master et al., 2017; Daniela & Strods,
2018), and computational thinking (Chen et al., 2017).
The application of robots in students with special

needs is also acquiring a great importance (Di Lieto
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et al., 2020). Therefore, with such a wide range of
uses, robotic products and platforms have con-
tinued to emerge in order to meet different ed-
ucational scenario requirements. In homes, edu-
cational robots can be used as intelligent toys for
children’s entertainment robots can play games
with preschool children, monitor their safety and
health condition, language learning partners (par-
ticularly for ages 3-5 at the critical period for lan-
guage acquisition), and learning companions for
individual development. In classroom, robots can

help students to do their assignments, be utilized

as teaching aids for Science, Technology, Engineer-
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Figure 2 Article No. in Web of Science Core ( SSCI+SCl Index)

ing, Mathematics (STEM) courses, and play the role of a teaching assistant to provide three kinds of services to the

teachers including pre-class preparation, in-class assistance and after-class assistance. In training centers, robots

can assist special education, like providing social assistance treatment for kids with autism. In schools, robots also

can play the role of a smart classroom manager to provide context-aware control of hardware and software facil-

ities. In vocational training, robots can also help industrial manufacturing training, surgical medical training, and

rehabilitation. Robots can also provide companionship and cognitive training for the senior people. In all, educa-

tional robots serve a wide range of educational needs. They can not only innovate existing teaching and learning

activities, but also create new educational services. As the scope of educational services covers a wide range of

user groups and a variety of educational settings, there is a wide market for educational robots covering different

age groups and application scenarios.
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Figure 3 “The Next Big Things: Global Development Status and Trends in Educational Robots” (left) and
“Educational Robots White Paper 2019: The Global Development” (right)
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I Purpose of This Handbook

Smart Learning Institute(SLI) of Beijing Normal University is a comprehensive research station dedicate to scientific
research, technology development and social experiments, and is committed to enabling global engagement and
development of smart education strategies. In 2016, SLI published “The Next Big Things: Global Development Sta-
tus and Trends in Educational Robots”, the first publication with the theme of educational robots in China. It has
effectively promoted the research and development of educational robots, and therefore accelerate educational
informatization. In 2019, SLI issued “Educational Robots White Paper 2019: The Global Development”, which is an

attempt to analyze current status and development trends of global educational robots.

The principal objective of this handbook is to present state-of-the-art of educational robotics and how they can be
harnessed to facilitate learning. To do this, a systematic approach has been utilized to present findings and discus-
sions of hundred influential journal articles in the field of educational robotics in the past six years (2018-2023).
The potential educational opportunities and challenges as a result of the incorporation of robotics in education are
presented for educators and researchers to explore best practices in using robotics for learning and create effec-
tive solutions to tackle emerging problems.

By analyzing educational robotics, the hand-
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book attempts to place emphasis on how
robotics can be leveraged to provide sound
pedagogical principles essential for the de-
velopment of transferable skills needed in

our contemporary society.
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field of educational robotics in the past six
. Figure 4 Word cloud generated from research articles
years. Additionally, the popular and rele-
vant terms and theories in educational ro-
botics are provided to help the reader gain background knowledge of the subject matter. The hundred influential
academic articles obtained from the systematic search of literature are further categorized into seven thematic
areas in educational robotics to highlight the key areas researchers are focusing on. The handbook aims to guide a
reader in comprehending how different types of robots are utilized to promote learning among different types of

students in different contexts and in different disciplines of study.
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Reading Guidelines of This Handbook

I Defining Educational Robots

This handbook covers two types of educational robots: educational robotics and educational service robots.

Educational robotics is a series of activities, curriculums, physical platforms, educational resources, or education-
al philosophy aim to assist teaching and learning activities. Through design, assembling, programming and opera-
tion, educational robotics arouses the interest and curiosity of the students and nurtures learners’ competencies.
Modular robots and robot kits are common accessories in educational robotics, such as Lego Mindstorms, mBot

are commonly used educational robotics for robotic teaching through hands-on activities.

Educational service robots are service robots with intelligence capable of teaching and learning. They are com-
monly used in auxiliary and management teaching in such domains as STEM education, language learning, and
special needs learning programs. Different from the products commonly used in educational robotics, educational
service robots have a fixed structure. In addition, users do not disassemble these robots by themselves. Education-

al Service Robots can be in the form of humans, animals, or vehicles in different shapes and sizes.

Educational
Educational

Robotics
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Figure 5 Educational robotics and educational service robots

I The Selection of Papers and User Guidance

The 100 influential academic articles selected in this handbook had to be highly cited, with a cutting-edge proposal,

representative of their fields and most trendy. In order to find these articles, the following process was followed:

Highly cited articles from Web of Science Core Collection

First, we retrieved data from the Web of Science Core Collection, which contains extensive resources on the online
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platform. It is a well-known trusted citation index for
academic research, including no less than 21,000
peer-reviewed, high-quality academic journals ac-
cessible across the world. The included publications
cover more than 250 disciplines in natural sciences,
social sciences and humanities, as well as conference
proceedings and books in various kinds of disciplines.
Due to the large number of data included in it, we se-
lected the Web of Science Core Collection as the main

source of data used in this report.

We processed the data collected from published doc-
uments, which were selected based on the criteria:
(1) the publications had to be rigorously designed; (2)
the publications had to have arrived at conclusions
through reliable and valid empirical research; (3) the
publications had to be published after a rigorous
peer-reviewed process; (4) the publications had to be
related to the use of robots in the educational field.
The data were obtained via publications in the online
database Web of Science Core Collection (including
databases of SCIE, SSCI, A&HCI and CPCI-S) using the
terms (education* AND robot*) OR (teacher* AND
robot*) OR (child* AND robot*) OR (student* AND
robot*) OR (classroom* AND robot*) in titles from
the timeframe of 2018 to 2022. Overall, we identified
484 peer-reviewed articles. Then, these articles were
sorted by citation score and the top 100 articles with
high citations were selected to represent highly cited

articles.

Representative papers of top researchers and or-

ganizations

We conducted a statistical analysis of the total citation
counts for each author of the selected literature and
then sorted the authors in descending order based on
their citation counts. We selected the top 20 authors
with the highest citation counts, as well as the three
papers that these authors were cited most frequently

in the literature under analysis.

We also conducted a statistical analysis of the total
citation counts for each research institution of the
selected literature and then sorted the institutions in
descending order based on their citation counts. We
selected the top 20 institutions with the highest cita-
tion counts, as well as the three papers that these in-
stitutions were cited most frequently in the literature

under analysis.

Snowballing literature from reference

To solicit literature on two key topics which are cog-
nitive training for senior people and ChatGPT, we uti-

lized the snowballing method.

Finally, we manually deleted articles that were irrele-
vant to the field of education and got the final list of
articles to be reviewed and summarized in this hand-
book.
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Figure 6 Search and selection process
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I How to Use This Handbook

You can read from any page of this handbook; however, the articles are integrated into seven topics for systematic
comprehension. Please notice the index in each paper, and do find the relevant information (organization, publi-
cation, robot and terminology) in the chapter “Background Material Necessary for the Effective Use of This Hand-
book”.
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Figure 7 Graphical guide for reading

Thematic Topics of Educational Robot

The 100 Influential academic articles reveal main thematic areas where educational robotics have been applied to
enhance the learning outcomes of students.

A new theme that has emerged is topic one, “Personalized tutoring through conversational agents”, which focused
on a new advanced form of artificially intelligent chatbots, ChatGPT, which has become a hot discussion topic at
the present and will possibly continue to be one in the future. Potential issues to be discussed in the use of the
conversational agent (ChatGPT) are technical concepts, inclusion and ethical issues, usability and user experience,

academic integrity and machine-human collaboration.

Topic two, “Robotics in STEM Education”, dealt with robotics for the implementation of STEM education which is an
interdisciplinary approach to learning where academic concepts are coupled with real-world lessons. Robotics was

seen to provide rich and attractive learning experiences in STEM education and facilitated student engagement in

11
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the learning process.

In topic three, “Robotics-Oriented Programming”, educational robotics application in the field of computer science,
in particular programming, was presented. Here robotics was found to stimulate the creativity and problem-solv-
ing abilities of learners but there are key challenges confronting current robot-based programming such as the
impossibility of promoting the popularity of engineering colleges in robot-based programming because of the lack
of necessary equipment to promote the concept in engineering college, the shortage of qualified teachers and the

issue of how teaching materials can be used to meet the demand for different grades students.

A new form of Al, social robots, was the main focus of topic four, “Language Learning with Social Robots”. Thus,

studies on how social robots can be used to promote language learning were discussed.

The main discussion point for topic five, “Teaching with robotics in classrooms ”, was how robotics can augment
traditional pedagogical practices. The articles presented made a case for how educational robotics can be a valu-

able tool to help in the visualization of abstract knowledge.

How robots can help students with neurological disabilities, specifically, autism was the main theme for topic six,
“Robot-assisted special education”. These studies found that children with autism perceive robots as less intimidat-

ing and more interesting, hence, these robots enable them to easily interact and engage in activities.

Finally, the last topic, “Robot-Based Cognitive Training for the Senior People with Special Needs”, expounded on the
potential of educational robots in promoting cognitive training for the senior people. Robotics was revealed as an

accelerator of lifelong learning and good quality of life for the senior people.

Topic 1. Personalized Tutoring through Conversational Agents

The fourth industrial revolution keeps pushing the advancement of technology in the form of artificial intelligence
(Al), robotics and natural language processing (NLP) which increasingly makes the use of conversational agents (such
as chatbots) in education a possibility.
Advanced conversational agents are
powered by Al and exploit NLP to have
text-based dialogues with users. A con-
versational agent can also make use of
speech recognition technology to have a
spoken conversation with a user. Devel-
opers of conversational agents design
them to mimic human-like conversations

in a way that is indistinguishable from

having actual interaction with a human.

Figure 8 An era of ChatGPT

As a result, some conversational agents
are imbued with human qualities like personality, emotion and humor. Al-powered conversational agents are able

to offer learning support and enable a learner to engage in self-assessment which can be difficult to provide in

12
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traditional learning environments. In addition to providing personalized learning to users, conversational agents
adopt human pedagogical roles such as learning companions, coaches or tutors in educational settings. Pedagogic
conversational agents also promote collaborative learning in technology-enhanced learning environments such
as E-learning, online learning, massive open online courses (MOOC) and in other virtual worlds. The use of conver-
sational agents as pedagogical agents is underscored as having the potential to enhance learning outcomes and
memory and increase the motivation of learners to engage in the learning process. At the same time, it brings up

discussions on academic integrity while applying such technology.

One of the key recent developments of conversational agents is Chat Generative Pre-trained (ChatGPT)Transform-
er, a new Al model which leverages NLP to perform a wide array of tasks. ChatGPT is a large language model that
uses deep learning algorithms trained on vast amounts of data by OpenAl, to generate human-like responses
to user prompts. By the end of November 2022, ChatGPT was officially released to the public and immediately
brought the ChatGPT phenomenon to almost everywhere - medical, economic, finance, journalism, etc. Within one
week, ChatGPT garnered more than one million subscribers, and the number has continued to raise to a hundred
million in less than two months, which broke the record for taking the shortest time to reach 100 million monthly
users. On March 15th 2023, OpenAl released GPT-4 as the latest milestone. GPT-4 is a large multimodal model that
is able to accept a prompt of text and images, and understand and express logical ideas behind the images. It can

also teach a range of subject personalized by learner’s skill level.

A A
GPT-3
—— Pretrained
—— Parameters
GPT-2
GPT-1
2018.6 2019.2 2020.5

Figure 9 Evolution of GPT model

In the context of education, educators and students already unlocked several application scenarios. Educators can
use it to create content like course outlines, presentations, coding, quizzes, grading, scientific papers, etc. Students
can use it for helping solve questions, writing essays and getting formative feedback on their work. Several aca-
demic studies have already been made on exploring possible scenarios integrating ChatGPT in science education,

engineering education, mathematical education, medical education, media education and special education.

13
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Table 1 Possible scenarios and examples of ChatGPT application in different fields

Possible Scenarios Examples

Generate valid and reliable science items
Provide feedback, scaffolding, and dialogue
Elicit their reasoning and understanding

Science Education

Medical Education Generate natural language responses to various medical scenarios

Engineering Education Use for software testing education

Generate novel stories, headlines, captions, summaries, and analyses

Media Educati : S ; i : .
SR EARCRER Enhance journalistic skills such as interviewing, fact-checking and storytelling

Generate natural and coherent mathematical explanations for its answer such

Mathesabcs Edugation as arithmetic, algebra, calculus and logic

Offers speech-to-text or text-to-speech solutions to help people with visual
impairment

Special Education
Despite the popularity ChatGPT enjoys, people share mixed feelings regarding the way forward. ChatGPT may have
profound implications for education such as transforming learning goals, learning methods, learning outcomes
and learning assessment. However, ChatGPT could challenge educators to rethink their roles, methods and expec-
tations. Just like other generative Al, ChatGPT has certainly brought opportunities and benefits to education but

also implies threats and pitfalls.

Step1 Step2 Step3
Collect demonstration data Collect comparison data and Optimize a policy against the
and train a supervised policy. train a reward model. reward model using the PPO

reinforcement learning algorithm.
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Figure 10 Framework of ChatGPT

The benefits and opportunities of using ChatGPT in education include:

e ChatGPT may be used as a virtual intelligent tutor for personalized tutoring offering personalized recommen-
dations, interactive learning, creative problem-solving and collaborative learning experience.

14
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e ChatGPT may also help to create an adaptive learning environment to stimulate mastery learning, where
a student can progress at their own pace and learn more efficiently and effectively providing personalized
learning experiences that are tailored to their needs and abilities.

e ChatGPT can also be used as inspiration - one can adapt, mix or reinterpret Al-generated ideas to their own
work.

e ChatGPT achieves state-of-the-art results on several translation benchmarks, which is able to make learning
content more accessible.

e ChatGPT can leverage automation of the working processes to spare teachers from grading, assessment and
other time-consuming work, and hence allow them more time to focus on teaching.

Meanwhile, threats and pitfalls include:

e Cheating and plagiarism due to the use of ChatGPT, as ChatGPT can generate university-level papers, and
professors already find it hard to tell whether it was written by a bot or by a student.

o Like other generative Al models, ChatGPT heavily relies on data. Depending on the quality of the data, it may
occasionally generate incorrect information and may occasionally produce harmful instructions or biased
content.

e ChatGPT often provides a “semblance of truth” and “hallucinated misinformation”, just like Sam Altman, CEO
of OpenAl mentioned, “ChatGPT is incredibly limited, but good enough at some things to create a misleading
impression of greatness.” Considering the realistic natural dialogues ChatGPT offers, the misleading is often
hard to be perceived.

e The privacy and data security of users should also be of great concern.

e ChatGPT will aggravate the issue of equitability as more privileged students were/are able to benefit much
more from educational technology compared to more disadvantaged students.

Anyway, the era of ChatGPT has already arrived and just like other technology, ChatGPT will penetrate the field of
education. To achieve the proper use of technology, education focused on the critical thinking of the next genera-
tion will become of more importance, as to filter out inaccuracies of Al. Clear guidelines should be made to clarify
the acceptable and non-acceptable use of such tools. ChatGPT will also leave a trace and a marketplace for the

emergence of better detection tools.
The selected highly cited papers below are organized as follows:

Paper “What if the devil is my guardian angel: ChatGPT as a case study of using chatbots in education” tackles the
merits, shortcomings, and other relevant issues to address in the application of chatbots in education. To do this, a
recently developed and arguably the most advanced chatbot as of now, ChatGPT, is used as a case study. ChatGPT
is touted to revolutionize education because of its capability to provide real-time responses to user text inputs and
engaged in novel creation. The paper put forward that while there is education transformation potential as a result

of ChatGPT, it also presents educational dangers that need to address.

Paper “ChatGPT for Good? On Opportunities and Challenges of Large Language Models for Education”draws on
existing research and their own experience to discuss how large language models (LLMs) can support education

and learning through natural language processing and understanding including automated learning analytics, au-
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tomated writing and intelligent learning assistance. At the same time, the paper also highlights the potential issues
associated with using LLMs such as lack of transparency and privacy concerns, as well as how to ensure fairness

and neutrality.

Paper “Preparing Educators and Students for ChatGPT and Al Technology in Higher Education” aims to provide an
overview of ChatGPT, including the background of ChatGPT, its capabilities, benefits, and potential challenges and
limitations. Additionally, this study addresses the implications for educators and higher education institutions and

offers recommendations for addressing the concerns surrounding the use of ChatGPT and Al in higher education.

Paper “Engineering Education in the Era of ChatGPT: Promise and Pitfalls of Generative Al for Education” proposes
that with the rapid development of generative artificial intelligence especially ChatGPT, personalized and effective
learning experiences as well as creating realistic virtual simulations for hands-on learning can be provided to stu-
dents. Meanwhile, ethical conerns are also raised. Hence, engineering educators should study how to adapt the
engineering education ecosystem to ensure the future engineers can take full advantages of technology while en-

suring that it is used for good.

Paper “How Does ChatGPT Perform on the United States Medical Licensing Examination? The Implications of Large
Language Models for Medical Education and Knowledge Assessment” argues that ChatGPT marks a significant im-
provement in natural language processing models on the tasks of medical question answering. By performing at a
greater than 60% threshold on the NBME-Free-Step-1 data set, the paper shows that the model achieves the equiv-
alent of a passing score for a third-year medical student. Additionally, the researchers highlight ChatGPT's capacity
to provide logic and informational context across the majority of answers. These facts taken together make a com-

pelling case for the potential applications of ChatGPT as an interactive medical education tool to support learning.

Topic 2. Robotics in STEM Education

STEM is the abbreviation for the four disciplines of Science, Technology, Engineering and Mathematics. STEM edu-
cation is a comprehensive education based on the idea that these four areas of learning should be taught together
in an integrated manner, as opposed to teaching them separately. With this holistic learning style, students apply
science, technology, engineering and mathematics in contexts that make connections between the classroom and
the world around them. Among the practical approaches to STEM education, robotics, with its multi-disciplinary na-
ture is used in more and more instructional experiments. Through activities of building robotics and problem-solv-
ing, teachers can combine technology and engineering topics to make science and mathematics concepts more
concrete by utilizing real-world applications. Robotics can be especially effective in teaching STEM, as it can help
students with visualizing and understanding the abstract concepts so often found in STEM. Furthermore, due to its
easy access, ease of operation and attractiveness using robotics in STEM education is becoming more popular and

plays a key role in STEM education.

In many studies, robots are considered constructive and hands-on learning environments that are suitable for a
better understanding of STEM subjects. Usually, two kinds of educational robots are employed in STEM learning.

One type is the robot which is built with various construction kits. The other is a robot product generated by a
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robot manufacturer, and hence it comes
completely assembled. Both types of robots
are widely used in STEM education and
are attractive to students as they are easily
accessible and manipulated by students.
In the context of task-centered or proj-
ect-based STEM learning with robotics, stu-
dents can experience cooperative learning
and work in small groups to build robots,
write programs and discuss solutions to
problems. Thus, robots provide an engaging
and hands-on learning experience that can

make learning more enjoyable for students.

a\‘\'

Figure 11 Robotic tool kits for STEM education

The academic research on robotics for the implementation of STEM education mainly focuses on the following ar-

eas:
~ Robotics in STEM education
e '
STEM course Way to enhance Constructive and Perception and
design with students’ computational hands-on learning experience of STEM
robotics thinking and skills environment learning with robotics

Figure 12 Robotics in STEM education

e Use robotics to develop a STEM course, and explore context structure, learning patterns, learning groups,

learning effects, etc.

e Exploring the means of developing students’ computational thinking, metacognitive skills, problem-solving
skills and so on through STEM education with robotics.

e Providing a constructive and hands-on learning environment to implement STEM education.

e Focusing on the students’ and teachers’ perception and experience of STEM learning with educational robot-

ics, in terms of factors like acceptance, belief, attitude, confidence, interest, anxiety, etc.

The selected highly cited papers below are organized as follows:

The paper “Empowering technology and engineering for STEM education through programming robots: a system-

atic literature review” reviewed 23 studies to provide programming experiences for robotics for children, between

the ages of zero and eight, and for pre- or in-service teachers of early childhood education. This review revealed
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that computer programming through robotics can be a promising educational tool and an application for the inte-

gration of technology and engineering in early childhood STEM education.

The paper “Robotics and STEM learning: students’ achievements in assignments according to the P3 Task Taxono-
my-practice, problem-solving, and projects” presented the case of the development and evaluation of a STEM-ori-
ented 30 hours robotics course for junior high school students . The project was aimed at exploring students’
working patterns, achievements in learning the course and the impact of this experience on students’ motivation

to learn STEM subjects.

The paper “Robotics to develop computational thinking in early Childhood Education” described the experiences of
131 children participating in a quasi-experiment using experimental and control groups to verify the effect of edu-

cational robot activities on children’s acquisition of computational thinking and programming skills.

The paper “Using mastery learning theory to develop task-centered hands-on STEM learning of Arduino-based ed-
ucational robotics: psychomotor performance and perception by a convergent parallel mixed method” aimed to
explore psychomotor performance and perception of task-centered hands-on STEM learning of educational robot-

ics.

The paper “Collaborative Robotics, More Than Just Working in Groups” explored how collaboration interventions
and prior student experiences affect a student's learning motivation, problem-solving skills and science process
skills in STEM education.

The paper “Preparing Teachers to Engage
Rural Students in Computational Thinking
Through Robotics, Game Design, and Cul-
turally Responsive Teaching (CRT)” focused
on teacher challenges and adaptions related
to rural students’ involvement in robotics
and game design. In order to do so, micro-
topographic mapping methods were used
to examine how CRT affects teachers’ STEM

practices in three different learning envi-

ronments. The researchers concluded that

Figure 13 STEM education activity

teachers’ beliefs about CRT and attitudes to-

ward computational thinking (CT) and STEM practices are malleable but vary based on the environment.

The paper “An ultra-low-cost line follower robot as an educational tool for teaching programming and circuit's
foundations” presented an ultra-low-cost line following robot that was developed through the integration of free
educational software, low-cost electronics and mechanical devices which has been used as a teaching and learning

tool to increase the student’s confidence/performance and interest in STEM education.
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Topic 3. Robotics-Oriented Programming

Programming is the implementation of logic to facilitate specified computing operations and functionality which
consists of traditional education (C++ and Java) and robotics. Different from robotics, traditional education has an
abstract programming structure and often students are not able to reach sufficient maturity levels without guid-
ance. Robot-based programming is the process of defining specific commands of an application for an educational
robot which is an interesting teaching tool that will help teachers when going through many topics while keeping
students engaged. And moreover, it is suitable for all levels and age groups. Learning computer programming
often goes along with growing other skills such as logical thinking, problem-solving through tests, modifications
and optimization, problem modeling, etc. Robotics is highly stimulating for younger students, and allows them to
grow important soft skills such as problem-solving, creativity and team spirit. In higher education, robotics allows
students to work with real hardware in order to be prepared for the challenges of real physical work. Studies have
shown that the main problems of current robot-based programming comprise three main points. First of all, it is
impossible to promote the popularity of engineering colleges in robot-based programming because of the lack of
necessary equipment. Secondly, the shortage of qualified teachers is a key factor that restricts the development
of robot-based programming education. Therefore, it is necessary to improve the professional ability of front-line
teachers to promote robot-based programming. Finally, related teaching materials should be used to meet the de-

mand for students of all grade levels.

Using robot-based practices to develop ac-
tivities helps students evaluate smart com-
ponents from pedagogical and technological
perspectives based on data gathered from
real-world tasks. Students can gain interdisci-
plinary knowledge through the robot-based
mechatronics process, and they can apply the
knowledge and techniques learned to multiple
areas. More importantly, during the hands-on
process of building a robot, students can ac-

quire techniques for using hands-on tools and

enhance their hands-on ability. In addition, to

Figure 14 Programming used in a technology-driven environment

control the robot to complete real-world tasks,

students must first acquire the skills of programming design which promotes their computational thinking ability.

Robot-based programming can be widely adopted for all education levels, from early childhood to adolescents. For
different academic levels, the academic research on robot-based programming mainly focuses on different areas

as follows:

e Forearly childhood, robot-based programming mainly focuses on how to induct computational thinking.

e For elementary school students, robot-based programming mainly focuses on how to develop computational
thinking.

19



Learning for All with AI? 100 Influential Academic Articles of Educational Robots

/D[ Early childhood

Robotics-Oriented

Programming

\D[ Graduate students

\b[ Preservice teachers

)—
)—

}—b Induct computational thinking

/P[ Elementary school students }—b Develop computational

thinking

Boost the ability of innovation,
[ High school students }—b hands-on, cooperation and

problemsolving skills

Improve engagement

The effects of different
programming languages on
computational thinking skills

Figure 15 Robot-based practices in programming

e For high school students, robot-based programming mainly focuses on how to boost the ability of innovation,

hands-on, cooperation and problem-solving skills.

e For graduate students, robot-based programming mainly focuses on how to improve engagement.

e For preservice teachers, robot-based programming mainly focuses on the effects of different programming

languages on computational thinking skills.

The selected highly cited papers below are or-

ganized as follows:

The paper “Coding as a playground: Promot-
ing positive learning experiences in childhood
classrooms” introduces coding and computa-
tional thinking in early childhood education. By
analyzing the research findings, it is confirmed
that robots are an effective way to promote
communication, collaboration and creativity in

classroom settings.

The paper “Active Learning Environments with

Robotic Tangibles: Children’s Physical and Virtu-

Figure 16 Programming based on robot

al Spatial Programming Experiences” studies the difference between real physical robots and virtual ones. Evalua-

tions of both in the context of free play and open-ended learning activities show that both systems afford opportu-
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nities for young children to engage in spatial programming, creating improvisational and sequential programs that

mediate interactions between the environment, robots and humans in responsive and creative ways.

The papers “A Tool for Introducing Computer Science with Automatic Formative Assessment”, “How Does the De-
gree of Guidance Support Students’ Metacognitive and Problem Solving Skills in Educational Robotics?” and “High
School Students' Views on the PBL Activities Supported via Flipped Classroom and LEGO Practices” all focused on
how to boost students’ engagement, how to investigate the development of students’ problem-solving skills and
how to increase motivation and interest in the lesson, respectively. “A Tool for Introducing Computer Science with
Automatic Formative Assessment” measured indicators of student engagement and found that girls’ engagement
with Chatbot was higher than boys for most indicators and in the online competition, the task completion rate
for the students that decided to use Chatbot was five times higher than for the students that chose to use the
renowned animation and game programming tool, Alice. “How Does the Degree of Guidance Support Students’
Metacognitive and Problem Solving Skills in Educational Robotics?” investigated the development of students’
metacognitive and problem-solving skills in the context of educational robotics activities and the article’s results
show that strong guidance in solving problems can have a positive impact on students’ metacognitive and prob-
lem-solving skills. Meanwhile, students eventually reach the same level of metacognitive and problem-solving skills
development independently of their age and gender. “High School Students’ Views on the PBL Activities Supported
via Flipped Classroom and LEGO Practices” investigated high school students’ views on instructions based on LEGO
applications. The researchers in this project stated that by partaking in the study, the student's motivation and
interest in the lesson increased. Additionally, in the group work the students were found to have cooperated, ex-

changed ideas, shared tasks, took responsibility and socialized with their friends.

The paper “Student in the shell: The robotic body and student engagement” explored how the embodiment of
graduate students in robotic surrogates was related to their engagement in a class with other robotically and
non-robotically embodied classmates. The study’s results showed that nonverbal communication with one's robot-
ic body is a dominant form of interaction and engagement in synchronous learning contexts and multiple contex-

tual factors affect robotic students’ engagement.

The paper “The effects of different programming trainings on the computational thinking skills” points out there is
uncertainty about how to develop computational thinking in teachers and how to transfer it to the classroom envi-
ronment. This paper hence focused on the effects of different programming languages on computational thinking

skills. Pre-tests and post-tests show that robot has a significant difference compared with programming languages.

Topic 4. Language Learning with Social Robots

Language learning is a crucial aspect of human development as it allows individuals to communicate, interact and
express themselves. With advancements in technology, the way we learn languages has changed, and social robots
have emerged as a new platform for language learning. Social robots are defined as machines that can socially in-
teract and communicate intelligently with humans. Language learning with social robots refers to the use of robots
as a teaching aid for language education. This approach incorporates technology, artificial intelligence and pedago-

gy to create an interactive and engaging learning experience. Social robots are designed to interact with humans,
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respond to their actions and provide feedback
in a natural and human-like manner. This
creates a more personalized and enjoyable
learning experience, compared to traditional

language learning methods.

The use of social robots for language learning
has received mixed reviews, with some re-
search suggesting that they can be effective
tools for enhancing language acquisition and
motivation, while others have found limited
benefits. Positive reviews emphasize the inter-
active and engaging nature of social robots,
which can make language learning more fun
and interesting for students. Social robots can
also provide personalized feedback by adapt-
ing to the individual needs and pace of each
student. This can help to increase motivation
and engagement in language learning. Howev-
er, some negative reviews highlight the limita-
tions of social robots, including their high cost

and limited accessibility for all students. Addi-

tionally, there is a concern that the use of social
robots may oversimplify language learning and Figure 17 Robot in language education
not fully prepare students for real-life commu-

nication.

The field of language learning with social robots is still in its early stages, and there is significant potential for
growth and development. In the future, we can expect to see an increase in the use of social robots in language
education, with more sophisticated robots and more advanced artificial intelligence algorithms. Additionally, there
will be a growing focus on the integration of social robots into language education, creating a seamless and immer-
sive learning experience. Finally, there will be a continued effort to evaluate the effectiveness of language learning

with social robots, providing valuable insights for future development and improvement.

In conclusion, language learning with social robots is a promising approach to language education that has the po-
tential to enhance student engagement, motivation and language proficiency. The field is rapidly evolving, and fu-

ture developments are expected to bring new and exciting opportunities for language learning with social robots.
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The research on the application of social robots in language learning mainly includes the following two perspec-

tives:

Vocabulary, reading skills,

Chidpen's langliage speaking skils, grammar and sign

learning

language
Language Learning
~ with Social Robots
| Extend the reach of the classroom
Adults' language and provide adults with the
learning opportunity to learn a language

anywhere and anytime

Figure 18 Language Learning with Social Robots

e Literature studies were conducted using different robots and methods for different languages, age groups
and aspects of language, summarizing the findings and shortcomings of existing studies and looking at future
research trends.

e Different forms of social robots for the development of children’s language learning such as vocabulary, read-
ing skills, speaking skills, grammar and sign language.

o Different forms of social robots to support second language learning in adults, which extend the reach of the
classroom and provide adults with the opportunity to learn a language anywhere and anytime.

The application of social robots in language learning has been an active area of research.
Here are five representative studies that showcase the current state of research in this field:

The paper “Social Robots and Young Children’s Early Language and Literacy Learning” reviewed 13 studies on social
robots in language learning and found that social robots can assist with early language and literacy learning in typi-
cally developing children. However, very few studies were found that have examined the effects of social robots on

early literacy learning.

The paper “Social Robots for Language Learning: A Review" reviewed 33 studies on social robots in language learn-
ing and found that too few studies have been conducted so far to conclude that robots are effective language tu-

tors, and future studies will allow for firmer conclusions regarding robots’ potential as language tutors.

The paper “Teaching and learning with children: Impact of reciprocal peer learning with a social robot on children’s
learning and emotive engagement” presented a novel active role-switching (ARS) policy trained using reinforce-
ment learning, and shed light on how fixed role (tutor/tutee) and adaptive role (peer) agents support children’s

cognitive and emotional needs as they play and learn.

The paper “Guidelines for designing social robots as second language tutors” suggested that social robots can ef-
fectively serve as second language tutors, but their design should take into account several guidelines to maximize

their effectiveness, including considering the robot's appearance, voice, behavior, and feedback mechanisms.
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The paper “Intelligent personal assistants: can they understand and be understood by accented L2 learners?” in-
vestigated Echo's ability to recognize and process non-native accented speech at different levels of accentedness,

based on the accuracy of its replies for a set of pre-established questions.

Topic 5. Teaching with Robotics in Classrooms

It is a challenge for teachers or professors who use traditional techniques (such as oral explanations, PowerPoint
presentations, etc.) to provide students with a clear understanding of abstract theoretical concepts in K-12 and
higher education. Therefore, a valuable topic is how to integrate robotics to complement traditional pedagogical
practices in basic disciplines in K-12 and engineering courses in higher education, thereby solving the poor learning
of traditional methods, improving students’ understanding of abstract concepts and reinforcing students’ system

design skills, among other benefits.

Robotics is mainly used as tools, technologies or approaches to enhance traditional pedagogical practices in K-12
and higher education. In K-12 education, which mainly focuses on basic disciplines, integrating educational robots
into mathematics or other subject areas may provide insights into new horizons. This study can encourage more
teachers to visualize abstract knowledge with the tangible and manipulable nature of robots. In higher education,
which mainly offers multidisciplinary engineering courses, robotics can be a valuable teaching tool for various
engineering courses in the classroom because of its multidisciplinary nature. Thus, they can enhance the way the
professors teach, reinforce students’ theories and skills, etc. For example, 3D simulations can create virtual envi-
ronments in robotics courses and robot prototypes can be designed as new technologies in mechatronics-related

courses.

The academic research on how to use robotics to com-
plement traditional pedagogical practices is promising,
but more rigorous research is needed. In K-12 educa-
tion, several studies have shown that robotics generally
plays an active role in mathematics and other funda-
mental disciplines. However, there is a lack of high-qual-
ity empirical research showing the influence of integrat-
ed robotics on academic performance. In some fields
of science education, robots were seldom adopted in

classrooms such as astronomy, chemistry, etc. In addi-

tion, the use of socially assistive robots in mathematics

Figure 19 Integration of robotics in the classroom

and science is very limited. In higher education, previous
works have shown that the integration of robotics into traditional teaching practices provides teaching tools and
technologies and has a positive influence on students. Nevertheless, there are no formal studies as of now that

demonstrate the impact of using robotics on the academic performance of college students.
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The academic research on how to integrate robotics to complement traditional pedagogical practices has devel-

oped the following scenarios:

Improve students’ understanding of
fundamental concepts

/—I K-12 education
- - 7

Promote students’ engagement

Teaching with robotics

in clqs;rqp Address the limitations of traditional
methods

Higher education Improve students’ understanding of
| s abstract concepts

Reinforce students’ system design
skills

Figure 20 Teaching with robotics in classrooms

e InK-12 education, robotics is mainly used as tools or integrated as approaches in pedagogical practice, most-
ly applied in basic disciplines, to improve students’ understanding of fundamental concepts, promote stu-
dents’ engagement, etc.

e In higher education, robotics is essentially utilized as tools or designed as technologies in pedagogical prac-
tice, mostly in multidisciplinary engineering courses, to address the limitations of traditional methods, im-
prove students’ understanding of abstract concepts, reinforce students’ system design skills, etc.

The selected highly cited papers below are organized as follows:

The paper “The effect of programming on primary school students’ mathematical and scientific understanding:
educational use of mBot” detailed the implementation of programming and robotics, and emphasized the benefits
acquired in mathematics, computational concepts and interactions in the classroom. This paper presented pro-
posals for the integration of educational robotics with visual block programming in mathematics, especially in the

subjects or didactic units related to coordinates and integers.

The paper “Exploring the evolution of two girls' conceptions and practices in computational thinking in science” ex-
plored the evolution of two elementary school girls’ conceptions and practices of CT in science. The study provided
a qualitative view of how elementary school girls’ CT conceptions and practices evolved throughout a CT-integrated
science module using robotics kits. The study also demonstrated instructional methods and integrated activities

that future research can leverage in engaging girls in STEM learning opportunities.

The paper “A systematic review of the literature regarding socially assistive robots in pre-tertiary education” aimed
to critically review the research on the use of Socially Assistive Robots (SARs) in pre-tertiary classrooms teaching
mathematics and science. The study found that SARs can have positive effects on students’ learning outcomes, en-
gagement, motivation and social skills. The results indicated that the use of SARs in pre-tertiary education is prom-

ising, but studies focusing on mathematics and science are significantly under-represented. In addition, this study
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suggested that rigorous evidence is needed to assess SARs' promise in mathematics and science-inclusive teaching

and learning.

The paper “Analysing the effect of the use of 3D simulations on the performance of engineering students in a ro-
botics course: Findings from a pilot study”
showed that simulations can help solve the
poor learning of many traditional methods
and provide a tool to improve the way in
which professors teach. The test results
demonstrated that the performance of the
students in the group using the new teach-
ing methods combining traditional methods
together with the 3D simulations was better

than that of the students in the group where

only the traditional method was used. In this
way, the students in the group using the new Figure 21 Teaching with robots in the manufacturing hub
teaching method consequently reinforced

their theoretical knowledge and practical skills to solve exercises.

The paper “A Multidisciplinary Industrial Robot Approach for Teaching Mechatronics-Related Courses” presented a
robot prototype used for teaching in multidisciplinary engineering courses. Considering the student outcomes in
terms of Accreditation Board for Engineering and Technology (ABET) criteria, it can be concluded that the prototype
helps students to: improve their system design skills; acquire desired skills within realistic constraints; and learn
to work in multidisciplinary teams. Furthermore, student portfolios from the laboratory activities will be useful in
future ABET evaluations, to emphasize the contribution of the robot prototype to improving the student learning

outcomes.

Topic 6. Robot-assisted Special Education

Social robots have received great acceptance from children and adults in the field of education. A recent study at-
tributed the high acceptance and preference to many reasons: the childlike appearance which attracts attention;
the patience and stability robots can provide in interaction; the multiple roles as tutor, assistant and peers. The ad-
vantages of using social robots in the educational process are even more valuable considering special education,
where the children interacting with the robots have some impairments. Studies have been conducted for applying
robots to children with different impairment types including autism spectrum disorder (ASD), attention deficit and
hyperactivity disorder (ADHD), neurodevelopment disorders (NDD), hearing impairment, cerebral palsy, oncologi-
cal disorders and down syndrome. Among these, robot intervention for children with ASD has drawn much more

attention than other impairments.

ASD is a neurodevelopmental disorder that presents in the form of severe difficulties in social communication and

interaction, along with repetitive behaviors and stereotypical interests. Individuals with ASD often perceive the
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world in a different way. They exhibit a spectrum of characteristics including unsuitable communication, inappro-
priate social interaction and repetitive and unusual stereotyped behaviors. Both the verbal and non-verbal com-
munication skills, like conversation skills, narrative skills and gestural communication skills of children with ASD are
generally quite low, and some never develop completely functional speech corresponding to their chronological
age. In addition, children with ASD tend to respond negatively to change, in contrast to their peers of typical de-
velopment who adjust relatively easily to new conditions. It is believed that some of the most common symptoms
related to difficulties lie in attention and impairment in cognitive, sensory, motor and emotional functions since
children with ASD often display difficulties in understanding feelings, motives and body language. Despite that
some high-functional children with autism have a very high Intelligence Quotient (IQ), or are gifted in memorizing

and mathematics, most children with autism have deficits in intelligence and motor function.

For the past century, the diagnostic criteria and screening tools for autism have evolved, and the definition has
broadened. Meanwhile, people have become more aware and informed about autism through its widening defini-
tion. The above two factors lead to the fact that more and more children are diagnosed with ASD. According to the
Morbidity and Mortality Weekly Report issued by the U.S. Department of Health and Human Services Centers for
Disease Control and Prevention, the overall prevalence of ASD among the Autism and Developmental Disabilities
Monitoring (ADDM) sites was 14.7 per 1,000 (one in 68) children aged 8 years in 2010. The ASD prevalence then
rose to 18.5 per 1,000 (one in 54) in 2016 and 23
per 1,000 (one in 43) in 2018, which makes ASD a
very common disorder among children. While au-
tism is incurable, it is believed that early interven-
tion programs are able to help them in improving
their quality of life. However, despite the statis-
tics reported in every continent, the numbers of
medical personnel and occupational therapists

(OT) are still limited which poses a challenge to

cope with providing effective intervention pro-

Figure 22 Interaction between robots and an autistic child

grams. Thus, developing robotic tools for autism
intervention programs are necessary so as to increase the capacity of medically trained people to provide effective

intervention programs.

According to the social motivation theory of autism, individuals with ASD show deficits in orienting toward social
stimuli, engaging with humans and maintaining social relations which leads to the fact that individuals with ASD
tend to have low interest in other humans and have a weaker understanding of the interpersonal world than of the
object-related world. They may find it challenging to pay attention to multiple cues during social interactions with
humans, and thus are less sensitive to other people’s behaviors. The above factors build a natural barrier to learn-
ing social skills from people. In contrast, robot-enhanced therapy (RET) is a promising method for improving social
skills and reducing behavioral symptoms of children with ASD, for it has been proven to have many potential ben-
efits for overcoming the obstacles inherent to human-to-human interaction. While communication in the human
world tends to be unpredictable, computer-programmed robots offer stability and do not exhibit emotional transi-

tions in a way that a human partner would. Therefore, it establishes a more simplified and more predictable form
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of communication. Also, robots are operated within predictable and lawful systems and can focus on one task at
a time thereby providing a highly structured learning environment and helping children with ASD to focus on the
targeted stimuli. Moreover, a robot appears less intimidating to a child with ASD than a human, for its expressions
and reactions are more limited and predictable. Nevertheless, children perceive robots as attractive or interesting
and prefer to engage them in activities and interactions. Most children with ASD exhibit a clear preference for ro-
bots, rather than non-robotic toys, or even people, and they tend to respond faster to cues provided by a robotic

partner than a human partner.

Many pilot studies have been made to investigate the effectiveness of RET for children with ASD, and most of them
support the favorability in every aspect. Still, some findings are the opposite with no significant difference or poor
performance using RET. To conclude, the research on RET for children with ASD mainly focuses on the following

scenarios:

Robot-assisted special education

{ B! !

Robots as tutors Robots engage to Target at behavioral Robots serve as a
or pedagogical enhance social symptoms and medium for social
tools skills emotional issues interaction

Figure 23 Robot-assisted special education

e Robots as a tutor or pedagogical tools to teach children with ASD certain abilities such as musical ability, dra-
ma play, etc., thus to develop basic skills for daily life.

e Robots engage to enhance social skills such as verbal/nonverbal communication, imitation skills, etc., so as to
build interpersonal relationships.

e Using robots to target behavioral symptoms and emotional issues.

e Robotics serving as a platform or medium for social interaction between children with ASD and human in-
structors, thus enhancing effectiveness of human therapy.

The selected highly cited papers below are organized as follows:

The paper “Review of assistive technology in the training of children with autism spectrum disorders” presents, or-
ganizes and evaluates the most important features and results of 13 relevant scientific articles from the timeframe
of 2008-2018. By analyzing the research findings, it was confirmed that robots can have positive immediate effects

on the communication skills of children with ASD, and is promising for future research.

The paper “Utilizing social virtual reality robot (V2R) for music education to children with high-functioning autism”
develops a virtual reality system based on the NAO robot, to conduct music education for four high-functioning
and one low-functioning child with ASD. This is done in order to see whether robots can improve the musical ability

and performance of children in playing melodies, as well as social and cognitive skills.
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The paper “Who is a better teacher for children with autism? Comparison of learning outcomes between ro-
bot-based and human-based interventions in gestural production and recognition” compares the learning out-
comes in children with ASD and intellectual disabilities from robot-based intervention on 14 gestural usages in

daily communication to those used in human-based intervention.

The paper “Effects of a Robot-Enhanced Intervention for Children with ASD on Teaching Turn-Taking Skills” investi-
gated the effectiveness of a robot-enhanced intervention on turn-taking abilities through five single-subject exper-
iments with children with ASD aged between three and five years. The performance, social interaction and behav-

joral outcomes were measured.

The paper “Robotic Intervention Program for Enhancement of Social Engagement among Children with Autism
Spectrum Disorder” used the NAO robot to assist in the teaching of 14 students with ASD in a structured interac-
tive social game, a structured story-based activity and a structured singing and dancing activity. This was done to

enhance the core components of social communication.

The paper “Robot-based play-drama inter-
vention may improve the narrative abilities of
Chinese-speaking preschoolers with autism
spectrum disorder” and the paper “Robotic In-
tervention Program for Enhancement of Social
Engagement among Children with Autism Spec-
trum Disorder” examined whether children with

ASD who received a robot intervention program

had better abilities than their peers who did not

receive the intervention. They separately focused

Figure 24 Robots to help autistic children

on narrative abilities and gestural communica-

tion, eye contact and verbal initiation.

Topic 7. Robot-Based Cognitive Training for the Senior People with
Special Needs

Cognitive training aims to maintain or improve cognitive functioning (e.g., memory or attention) through structured
and guided activities carried out individually or in a group. The difficulty level of activities can be adapted to indi-
vidual functioning. It has also been demonstrated that cognitive training can enhance the cognitive functioning of

people with mild dementia.

In any aging society, some elderly people have memory or thinking problems which are called mild cognitive im-
pairment, or mild cognitive impairment (MCl). MCl is a stage preceding dementia that does not meet the dementia
criteria but already the person diagnosed has some symptoms in domains such as memory and language, com-
pared with healthy individuals of the same age group. It is estimated that about 12% to 36% of older adults have

MCI, and as the population of older adults increases, the prevalence of MCl will gradually increase. Approximately
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12% of older adults with normal cognitive
functions but approximately 10-15% of
those with MCl would show the develop-

ment of Alzheimer's dementia.

With the rapid development of robotics

and information and communications

technology (ICT), cognitive training robot-

ics have provided promising training and

e

assistance approaches to mitigate cogni- Figure 25 Robots supporting senior people
tive deficits. Particularly due to the short-

age of human caregivers and the high burden of caregiving, robots can provide care with high repeatability and
without any complaints. Both human-like robots and animal-like robots are adopted to conduct cognitive training
for the elderly person. Furthermore, social robots can improve an elderly person’s social interaction, communica-
tion and depression to improve the effectiveness of cognitive training. Social interaction is the interaction of multi-
ple individuals with each other such as gatherings, play, sports and other group activities. Studies have shown that
active participation of older adults in face-to-face interaction online and offline can lead to a healthier lifestyle and
improved cognitive function, while those who participate less in social activities may have a slow decline in cogni-

tive function.

We selected five studies published in recent three years and these five studies conducted robot-assistive cognitive

training research in two fields, namely:

e Robot-Assisted Intervention of cognitive training for the senior people.

e Theinteractions and acceptability of the robots for the senior people.

questionnaire, interview, TAM (Technology
Acceptance Model), UTAUT (Unified Theory
of the Acceptance and Use of Technology

model), perception ...

effectiveness, memory, depression, verbal
fluency, experiment, executive function...

The interaction and acceptability of Robot-Assisted Intervention of Cognitive
the robots for the senior people training for the senior pecple

Robot-Based Cognitive Training

for the senior people

i .%.

a

Figure 26 Robot-Based Cognitive Training for the Senior People with Special Needs
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For Robot-Assisted Intervention, randomized controlled trials were conducted in these studies and participants’
cognition, subjective memory complaints questionnaire and neuropsychological assessment were measured
through these studies to test the effectiveness of SARs for the training of an elder’s cognitive ability. Two studies
used the humanoid robot, namely Sil-bot and NAO in interventions with participants with dementia or mild cogni-

tive impairment.

Figure 27 Interaction between robots and senior people

The paper “The Humanoid Robot Sil-Bot in a Cognitive Training Program for Community-Dwelling Elderly People
with Mild Cognitive Impairment during the COVID-19 Pandemic: A Randomized Controlled Trial” used a multi-do-
main cognitive training program in particular, robot-assisted training conducted 12 times, twice a week for six
weeks. According to the results, cognitive function was improved and depression declined in community-dwelling

older adults with mild cognitive impairment.

The paper “The Humanoid Robot NAO as Trainer in a Memory Program for Elderly People with Mild Cognitive Im-
pairment” also revealed that memory training with NAO resulted in an increase of visual gaze from patients and

reinforcement of therapeutic behavior reducing, in some cases, depressive symptomes.

For Interactions and Acceptability, the purpose of these studies was to assess how the elderly perceived the SARs
in terms of usability, appearance and satisfaction through a questionnaire or Qualitative Content Analysis. Accept-
ability was often assessed with the Technology Acceptance Model (TAM) and Unified Theory of the Acceptance and
Use of Technology model (UTAUT). Three studies focused on how the robots were used and how the elderly per-

ceived them.

The paper “Mini: A New Social Robot for the Elderly” took the social robot Mini which supports elders and care-
givers in cognitive and mental tasks as an example and described all aspects of the design including sensors,
human-robot interaction and so on of a new social robot for older people. This study also evaluated how users
perceived the robot based on participants reporting interesting results in terms of usability, appearance and satis-

faction.

The paper “The Impact of Serious Games with Humanoid Robots on Mild Cognitive Impairment Older Adults” in-

vestigated how seniors with Mild Cognitive Impairments related to and perceived serious games accessed through
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humanoid robots, as part of a training program aimed to improve their cognitive status. The results showed that

the robot was received with more enthusiasm by the older adults, thus improving their level of engagement.

The paper “The Usability and Impact of a Low-Cost Pet Robot for Older Adults and People With Dementia: Qualita-
tive Content Analysis of User Experiences and Perceptions on Consumer Websites” used a novel methodology to
analyze the information that was uploaded by reviewers of the JfA cat on the review sites to explore the usability
and impact of the JfA robotic cat, as an example of a low-cost robot, based on perceptions and experiences of us-

ing the JfA cat for older adults and people with dementia.

From what can be deducted from the educational robotics scenarios and 100 influential academic articles, school
systems can better improve through the incorporation of robotics in pedagogical practices. We found the studies
presented very interesting and important for further discourse on educational robotics. We realized that different

disciplines can apply specific and tailored-made educational robotics products to improve learning.
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Postscript

We call for more rigorous research studies in the field of educational robotics. The discussions in this handbook
can act as a springboard for further deliberations on solutions, mitigating factors, best practices, and prospects of

educational robotics.

A collective effort by research organizations and governments can help advance the call for the optimal use of ro-
botics in education. Future research directions could range from human-robot collaboration, robotics for person-
alized and adaptive learning, equity issues in robotics such as inclusion and access, educational robotics for social
and emotional learning, effectiveness and evaluation of educational robotics, implementing educational robotics in

deprived regions, and designing robots for multiple disciplines.

Recommendations

1. Explore the mechanism of human-machine collaboration and build an intelligent education
ecosystem.

With the rise of artificial intelligence technologies (robots, intelligent tutoring systems, chatbots, metaverse, etc.),
studying human-machine collaboration in education has become extremely important. It is vital to focus on how to
improve the role of teachers and achieve collaborative teaching between teachers and machines while addressing
ethical issues. Theoretical research, platform and guidance are needed to support and strengthen the practice of

human-machine teaching in primary and secondary schools and universities.

2. Develop e-pedagogy and revise the direction of education reform to adapt to the age of intel-
li2. gence.

The age of intelligence will introduce a large number of artificial intelligence technologies into education, most of
which are double-edged swords, such as ChatGPT. It is not wise to ban these technologies because of the draw-
backs. Instead, we need to change our education to meet the needs of education in the age of intelligence. This

includes teaching philosophy, e-learning, digital resources, assessment methods, etc.

3. Rethink the key competencies of students, teachers, and citizens of the intelligence age.

The age of intelligence demands more than just ICT skills. New abilities, such as psychology and communication,
are needed so that users can communicate and collaborate with machines in education. it is important to study
how to achieve “collaborative intelligence” (i.e., design strategies, required abilities, etc.) to ensure that human
teachers and machines (i.e., information technology systems, ChatGPT, robots) can share their intelligence and

work together effectively to achieve the desired educational goals.

4. Keep up with the pace of open science development and embrace the international open-
source movement.

Openness can promote access to education and support innovation when users (such as students, teachers, and
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administrators) can access, modify, and reuse tools/content in their environment. Therefore, it is crucial to conduct
research on open science and develop relevant policies to support education and innovation in the age of intel-
ligence. The open science includes various elements such as open-source policies, open educational resources,

open data, open methods, open peer review, and open access.

5. Initiate social experiments on Al and education on a large scale, and ensure healthy and sus-
tainable digital transformation.

Social experiments have less control over the process and provide a path to study the real impact of artificial intel-
ligence technology in real and natural education processes. It also provides a practical basis and data support for
extending public service in education, which is a crucial part of a country’s digital transformation in education, as it
helps achieve education fairness, scaled education, and personalized learning, improve the quality of digital educa-

tion, and promote the achievement of UNESCO Sustainable Development Goal 4.
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UNESCO has approved the establishment of a UNESCO chair on Artificial Intelligence in Education at Beijing Nor-
mal University in November 2022. The Chair will investigate the use of artificial intelligence in education as a driver

and component of solutions and strategies to support the attainment of the Sustainable Development Goals (SDGSs).

The goal of the Chair is to foster an integrated system of education-related artificial intelligence research, training,
information, and documentation. It will facilitate collaboration between high-level, internationally-recognized re-
searchers and teaching staff of the University and other institutions in China, as well as elsewhere in Asia, Africa,

Latin America, and in other regions of the world.

The Chair works on the missions to:

e Improve the capabilities of educators and education managers to use Artificial Intelligence (Al) ethically and
effectively in education;

e Promote international policy dialogue with an emphasis on artificial intelligence in education and the utiliza-
tion of Al to enable digital transformation in education;

e Facilitate technical innovation on trustworthy, safe, transparent, explainable, and robust Al algorithms, Al
tools, and evidence-based, effective models of employing Al in education;

e Support the development of Al talents and high-level graduates of higher education institutions;

e Cooperate closely and actively with concerned entities of UNESCO, and existing Chairs and Networks of UNE-
SCO on relevant programs and activities.

Prof. HUANG Ronghuai, who has lead research on
smart learning environments, artificial intelligence in
education, educational technology, and knowledge en-

gineering, takes on the role of Chairholder.
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The UNESCO International Research and Training Centre for Rural Education (UNESCO INRULED) was established
by UNESCO and the Chinese government in 1994 with a mandate to promote sustainable socio-economic develop-
ment in rural areas. As a Category Il center under the auspices of UNESCO, INRULED's research and training activi-
ties concentrate on education for rural transformation. The Center has moved to Beijing Normal University in 2008
for better coordination and connectivity. Through research and publicity, education and training, knowledge man-
agement and distribution, UNESCO INRULED works in the area of rural education, aiming to bring about positive
changes in the thinking and behaviour of rural people, and to achieve the social, economic and ecological devel-
opment of the rural areas that contribute to the realisation of the SDG4 and the 2030 Agenda. UNESCO INRULED's
mission is “Education for Rural Transformation”.

&
£2
Beijing Normal University (BNU) grew out of the Education Department of Imperial University of Peking established
in 1902, which initiated teacher training in China’s higher education. After the development for over a century, BNU
has become a comprehensive and research-intensive university with its main characteristics of basic disciplines
in sciences and humanities, teacher education and educational science. Smart Learning Institute (SLI) is jointly
established by Beijing Normal University and a global educational technology company NetDragon Websoft. SLI
is a comprehensive experimental platform involving scientific research, technology development, and innovative
instruction. SLI focuses on detecting learning patterns powered by ICT, creating smart learning environments and
platforms for life-long and life-wide learning, as well as supporting diversified, personalized and differential learn-

ing needs for digital learners.
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Highlights

1. The development trend for Al Generated Content (AIGC) and Large Language Models (LLMs) is towards increased sophistica-
tion, efficiency, and integration with other Al technologies. These advancements will have a significant impact on education, en-
abling personalized and adaptive learning experiences, automated grading and assessment, and the creation of high-quality ed-
ucational materials. However, there are also concerns about the potential for bias, cheating, lack of transparency, exacerbation
of issues of equitability, and the need to ensure the ethical and responsible use of these technologies in education.

2. As one of the pilot AIGC projects, ChatGPT and GPT-4 are revolutionary and upgraded versions of conversational agents. To
achieve the proper use of Al technology in education like ChatGPT, the focus on critical thinking becomes more important, to
filter out inaccurate information ChatGPT generates. Clear guidelines are needed to clarify the acceptable and non-acceptable
use of such tools.

3. The robotics manufacturing industry is moving in a direction that prioritizes higher levels of automation, enhanced precision
and accuracy, improved efficiency, and the use of advanced technologies such as artificial intelligence and machine learning.
This will have a significant impact on educational equipment, as they provide innovative and engaging tools for students to learn
and interact with technology.

4. The development of educational robots is influenced by a series of factors, including the open-source movement, market
demand, industry drive, and capital pressure. These factors raise ethical and moral concerns, safety concerns, issues of human
dignity, and the cost of computing power.

5. Robotics has become more and more popular in facilitating STEM education, as it provides an engaging and hands-on learning
experience for students, and stimulates cooperative learning, which has positive effects on student motivation and science pro-
cess skills. A keen focus is needed on creating a constructive environment, exploring learning patterns, and breaking technologi-
cal and economic barriers by providing low-cost STEM education solutions.

6. Robot-oriented programming is an effective mode for all age groups, as to develop computational thinking, problem-solving
skills, and creativity, and promotes learner engagement and cooperation. However, the main problems of current robot-orient-
ed programming education include the lack of necessary equipment, shortage of qualified teachers, and the need for related
teaching materials to meet the demand for students of all grade levels.

7. Language Learning with Social Robots is a rapidly expanding field that has the potential to transform language education for
both children and adults. With studies exploring different robots and methods for various languages and aspects of language,
social robots have shown promise in developing children's language skills, supporting second language learning in adults. It is
needed to explore effective roles, groups and contexts to meet the diverse needs of students beyond traditional classroom set-
tings.

8. Robotics can augment conventional pedagogical practices and have a great potential to improve students' understanding of
fundamental concepts, reinforce system design skills, and promote engagement and motivation, particularly in mathematics
and multidisciplinary engineering courses. However, more rigorous research is needed such as empirical studies that demon-
strate the impact of integrating robotics on the academic performance of students.

9. In the field of special education, particularly for children with autism spectrum disorder, social robots are preferred due to
their childlike appearance, patience, stability, and ability to perform multiple roles. Though robot-enhanced therapy for children
with ASD is a research field still in its infancy, it has shown promising potential for future development, as it enhances communi-
cation and social interaction, and reduce behavioral symptom. More focus is needed on long-term in-home robotic therapy, and
ways to transfer acquired skills to everyday life. More appropriate clinical guidance is also needed.

10. Cognitive training robotics have provided promising training and assistance approaches to mitigate cognitive deficits, espe-
cially for senior people with special needs. Robotics can improve several aspects of mild cognitive impairment, such as cognitive
function, memory, executive function, etc. Meanwhile, stakeholders have a high level of acceptance of robotics in the elderly
population. However, there is still a long way to go before robots are routinely used in the home, hospital and care settings.
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