Abstract: Natural language processing (NLP) is the art of investigating others’ positive and coop-
erative communication and rapprochement with others as well as the art of communicating and
speaking with others. Furthermore, NLP techniques may substantially enhance most phases of the
information-system lifecycle, facilitate access to information for users, and allow for new paradigms
in the usage of information-system services. NLP also has an important role in designing the study,
presenting two fields converging on one side and overlapping on the other, namely the field of the
NAO-robot world and the field of education, technology, and progress. The selected articles classified
the study into four categories: special needs, kindergartens, schools, and universities. Our study
looked at accurate keyword research. They are artificial intelligence, learning and teaching, ed ion,
NAO robot, undergraduate students, and university. In two fields of twelve journals an m—:

on reliable/high-reputation scientific sites, 82 scientific articles were extracted. From
Journal Rankings (SJR) website, the study samples included twelve reliable/high-reput: Iscientific

journals for the period from 2014 to 2023 from well-known scientific journal h¥h impact

factor. This study evaluated the effect of a systematic literature review of N.

on language programming. It aimed to be a platform and guide for resear%
trainees, supervisors, students, and those interested in the fields U% ()
All studies recognized the superiority and progress of NAO ro?{in

terested persons,
bots and education.
educational field. They
concluded by urging students to publish in highly influential jofgals with a high scientific impact
within the two fields of study by focusing on the study-: als.
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1. Introduction

Humanoid robots known as NAOS€ &become significant and useful instruments
in the robotics industry. The NAO ‘t were created by Aldebaran Robotics, which
is currently owned by SoftBank Rol s. Due to their resemblance to human figures,
they can interact with people way that feels instinctive and natural. These robots
can detect their environm rehend human speech, recognize gestures, and even
communicate emotions, heir body language and facial expressions thanks to
their powerful seneo , microphones, and speakers [1]. Artificial intelligence
(AI) is a branch gp¢ ter science to make an intelligent machine or what we can
say to make a% r system behave like a human being. In other words, artificial
intelligence &computer or robot perform at a level or better than human computing
capability ¥4 ti s of accuracy, capacity, and speed. For example, NLP techniques, which

1d play an important role in designing information systems by realizing user
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functional requirements. During the information system lifecycle, the NLP may be used for
facilitating the user dialogue and automated understanding of the semantics of information
for a conceptualization of the real world, which is essential in information-system design
phases [2]. It is necessary to have access to the Oxford dictionary definitions of learning,
teaching, and translation before starting the subject. Learning (education) is defined as “a
process of teaching, training and learning, especially in schools, colleges or universities,
to improve knowledge and develop skills”, while teaching is defined as “the work of a
teacher”. The translation is defined as “the process of changing something that is written
or spoken into another language”. A dictionary is defined as “a book or electronic re ce
that lists the words of a language in an alphabetical order and explains what the @)r
provides a word for them in a foreign language”.

The robot connects learning with practical life because most of the prgje
in the competitions are real examples of how the learners live their
automatic teller machines and smart doors, which contribute to stude
understanding, application, and solutions to problems experienced% ety, through the
use of scientific research strategies [1]. Robot education facilita ivity and problem-
solving skills while enhancing the skills and capabilities needed tudents to succeed in
the core classroom [3-5]. In this study, we review the acconsgishments of several studies on
modern technology from 2014 to 2023. The NAO-rojot. s were systematized within
12 journals in the fields of education and robotic: lgldies determined a consistent
taxonomy from the literature, the multiple featurgs thdistinguish this development field,
and are displayed with references. The djstggbikion of these paper databases is sorted
by country of production and publication advantages of targeted targets were
carried out. In addition, complaints, m 1 contributions, and recommendations
for various directions are provided t researchers, manufacturers, and end users

O

esented
yeYrsuch as

concerning NAO robots [6,7]. NLP h; ny advantages in education as it enables person-
alized language-learning experjances. Tt automates language assessment, saving time for
educators. NLP powers intellj toring systems for personalized guidance. It facilitates
communication and unde g across languages. NLP enhances text analysis and
comprehension skills. s automated feedback and targeted instruction. NLP
supports inclusive %gu n for diverse populations. It enables adaptive content and
interactive lan@%tises. NLP fosters language proficiency and fluency development.
It empowers e with powerful language-processing tools.
The fusig of Mbots and natural language processing (NLP) is reshaping the education
obWts equipped with NLP algorithms offer personalized tutoring, adapting
oaches to individual students. They also promote collaborative learning,
n ring tommunication, and critical-thinking skills. NLP empowers robots to read

R prehend text, enabling automated grading and immediate feedback. Language
ing is augmented through NLP-driven conversations and translation. Ethical consid-
ations and privacy concerns must be addressed. However, responsibly integrating these
technologies holds great potential for creating interactive, adaptive, and inclusive learning
environments. The future of education is being transformed, empowering students and
educators through the convergence of robots and NLP. From this, we have a set of questions
that we discussed in our study.

Down to the best solution. The questions are:

1.  Can the NAO robots be introduced in education? What is the comparison between
the level of students before and after the introduction of robots in education?

2. What s the status of the NAO robots in education articles published in the selected
journals from 2014 to 20237 Is the number of articles for each year divided into two
seasons concerning this topic, increasing, or decreasing?

3. What research-sample groups are related to the selected articles from 2014 to 2023?
What are the applications of Natural language programming? What are the advan-
tages and disadvantages of NAO robots and NLP?
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The rest of this paper is organized as follows: Section 2 presents the materials and 2. Materials and Methods
methods, which consist of two parts: a first benchmark data set and a second set of study 2.1. Benchmark Dataset
criteria. While Section 3 describes the results analysis and summary of studies, motivations,
and contributions. Section 4 gives an overview of the discussion, which consists of the
distribution of publications over the years of publication, and the distribution by the
author’s nationality. Then, advantages and disadvantages. Section 5 shows the conclusions.

The study was conducted on the highest classification of journals located only in the
first quarter (Q1) and included two different fields; the first is in the field of robotics and
the second is in the field of education to know the latest developments in information
technology and the developments that accompany it. How do we introduce it in the field
of Education? We were able to search for sober research sites in the Scimago Journal and

1.1. Natural L P i
atural Language Frocessing Country Rank (SJR) Journals in two of the above areas within the sober scientific journals

'Natural' language procefsingl iS_ a comp'utational techniquel that can be use@dd of the highest classification and the study covered the criteria of relevance: &) 3
applied to different levels of linguistic analysis (dare, deep analysis) to repres% 1 (2) method of work, (3) technology used, (4) the extent of their use, and (5) medga
language in a useful representation or more. Artificial intelligence and langua sely of application.
related ianc? th.ey cannot be separated [8]. o ) The duration of the study was seven years (2014-2023). The most pomglN¢eywords

Artificial intelligence has entered many applications, such as speec! C , image have been entered on the topic, namely ‘NAO-robots’, ‘educational aching’,
distinction, language recognition, image recognition, machine transfagol¥general edu- ‘learning’, ‘artificial intelligence’, ‘academic’, ‘university’, ‘deep leagni modern tech-
cation, and machine education robots, analysis, extraction, and ¢o ance. Artificial nology’, ‘undergraduate student’, and ‘Natural-linguistic progra . The domains
?ntelligence is the main umbrella and cover for other scielnces a% des machine learn- following a determination, are subject areas, subject categories, % ‘countries, type, and
ng, deep learning, and natural larllguag(la processing, WhI.Ch il 'he focus of our §tudy years; the entries were, respectively, computer sciences, artifigial ine¢lligence/miscellaneous
in the lasF part. It covers many fields, including educatidgal, medical, health, business, (robotic and education), all regions, journal or conference, f&grs (2014-2023). For the con-
commercial, telecommunications, and sports, as s}cw re 1. tents of this study, the selected journals were: In nl ournal of Robotics Research,

Soft Robotics, Journal of the ACM, Science Robotics, IE Wotics and Automation Letters, Sci-

/

ence Robotics, Computers and Education, Internet agd HiMer Education, IEEE Transactions on
Wi

Robotics, Computer Assisted Language Learnyg dations and Trends in Machine Learning,
and International Journal of Social Robotics, ?ﬁ nyn Figure 2.
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NAO-robots ’,
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robots’, s ~
‘teaching/, N\ Six journals in
Technology ‘learning’, Educational
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Figure 1. The area participating in the fields of use of NAO robots and NLP. Language

e —
1.2. Natural Language Processing Applications i\\ Processing S/ )

Since the year 1956, artificial intelligence has been known as an essential element \
in different fields of science, such as science, engineering, management, economics, and
medical sciences, as well as some types of industries. However, today, artificial intelligence
is becoming more prevalent. Thanks to the increase in the size of data and algorithms, in
addition to the arrival of modern technology in the most important disciplines and fields
of life. The natural linguistic programming applications can be limited to the domains.

Figure 2. Flowchart diagram study query words use.

They were compiled using software from Mendeley (1.20.5). The content of the papers
was filtered according to their second iteration. Titles and abstracts, as well as papers
outside of our scope in this domain, were excluded. The papers were in the third version
and filtered by reading the entire text and removing posts that were outside of the limits of
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our domain, and which do not fulfill our requirements. As such, we used the Max program
to draw figures and Python to draw graphs.

2.2. Study Criteria Applied

The study criteria were as follows:
(a) Input paper, (b) method, (c) technology, (d) type of application, (e) outcome,
(f) research sample, (g) research learning domains, (h) country and years, and (i) publisher3.

3. Results ‘,@
The results extracted from the twelve scientific journals included in the stux in
two fields: educational and robotic. From the educational field, 168 articles w cted,
and from the other field, which is the robotic, 313 articles according to the closest
to the study were extracted, of which the total was 481 articles. All jou: iltered.

As many as 223 scientific articles were extracted outside the study peri
articles, titles, and abstracts, 34 articles were excluded. The final p% uded 82 articles
in the study, which were read in full, and the required details acted according to
the study criteria.

One of the studies divided the analysis of leaming@) two categories. The first
included two articles that were known in the Lati r@a ‘context for the adoption of
learning analytics (LA). The second category inclu§¢d articles on LA policy develop-
ment. By introducing the LA applications in mgny L: applications, this study met its
primary objective. Brazil, Chile, ColombiggE r, Mexico, and Uruguay are American
countries that strengthen the advantages c?fl\erg ional collaboration scientifically [2].

This research examined how educag I ics (ER) was applied in the classrooms
to foster imagination among elemenjag ol students and recognize the related chal-
lenges with its deployment. At se elementary schools, twenty-six teachers were
interviewed. Indepth interviewgswith teachers and grounded hypotheses were used to
gather interviews and evaluaj % The results show the practical implications for educa-
tors and researchers interes! dvancing pedagogical practices (PP) and integration (ER)
to support students’ cy . A study worked on the inclusion and introduction of
social robots by highag €' tion students in the social sciences major. It is a human social
robot from Sof§B. otics in a university course, in which 462 students participated.
They used the i eory of acceptance and the use of technology (UTAUT) that worked
qualions modeling for data analysis. The characteristics were applied, such
in®¥ss, adaptability, social presence, and appearance. The students’ desire to
in the learning field was reached by only 36.6%, theoretically [4].

Educators have several views and behaviors on the best ways to help students, such

jcal thinking, imagination, and abilities to communicate and cooperate by linking
ontemporary culture in the classroom [5]. The study discusses the challenges foreseen
in the application and the use of building blocks that are important for understanding
and teaching various topics related to the introduction of a smart systems case study
of education in soft robotics using hot melt adhesives (HMA) to explore soft robotics
ideas and technologies education. We have products and materials planned and we
produced methods for tutorials involving higher education students. This paper discusses
the conceptual context, strategies, and results we have achieved in their operations [6].
This paper presents a field study, in which we tested SPARC (supervised increasingly
autonomous robot competencies), an innovative approach to address this challenge, in
which a robot is progressively learning the appropriate autonomous approach actions
from human demonstrations and suggestions in situ. Using machine-learning methods
online, the study found the possibility of SPARC to learn robots from humans, and this
ability is particularly useful [7]. The study of social robots was used in education among
teachers, trainees, and learners with peers. The study concluded that they increased the
cognitive, emotional, and educational results and achieved satisfactory results similar to
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that characteristic of human learning restricted to many tasks and proved the effectiveness
of robots in education [9].

A field study addressed students’ extra time at home by designing an accompanying
learning robot to increase the activity of reading at home (focused reading) and examining
the effect of the robot on the reading experience at home and comparing it without the use
of robots. The study found positive experiences in building and developing students’ skills
in reading and preserving continuous participation as well as the example of robots in this
study as an effective scientific tool [10]. Some studies have integrated educational robots
into social robots [9,11]. In addition, advances in robotics have expanded the experi of
human senses, intellect, and physical skills [12]. A study was applied to the car%g
robot (CRR) in teaching verbs in the English language and the results reached nce
for the use of the care-receiving robot (CRR) [13,14].

A study shows that the robot enriches by integrating the sensory tve pro-
cesses as well as the learning processes modalities of kinaesthetics |- $knother study
presents a human-robot interaction (HRI), which aimed at investig% e function of the
robot (peer vs. teacher) that would lead to further gains in learnj acher robot is seen
much faster in making learning more effective. The studen n%to learn the basics of
programming to walk through the maze via drag-and—drop{b}et—screen instructions [16].
Educational robots are distinguished by many tasks. ve been used as a tool in
teaching nontechnical subjects, such as drama, smting, and theatre. One study
discusses the challenges of plays using an edugatio robot [17]. A study in Germany
examined the effect of a robot gender when Jearging the sample that included 120 university
students (60 Females and 60 males). The S;N rred to the checking of tampering, and
the participants correctly identified the rf #e alleged robot. Most importantly, our
results indicate prevailing gender stg associated with learning do not apply to
operating robots for gender-stereotyfg sks [18].

Some articles were presenged on €xperimental studies on learning accompanied by
artificial intelligence and d learning algorithms based on artificial-intelligence
techniques [19,20]. The st sented analytics and Al for learning: politics, pedagogy,
and practice [21]. A stu the results of papers that were in the third version based
on interviews with &igh uage teachers to find out their opinions on how to efficiently
use the robot agdaQtiopto influence learning to reach the correct future directions [22].
One stu ented algorithms for object recognition used on the NAO robots
i %mprovement for children. They found the use of digits and operators’

idPhtification. The precision of the algorithms for object recognition is within

hen checked on images captured by the robot (82-91%) [23]. A study was
cqpducted on 172 undergraduate students only. The data were collected and compared
n Lego Mindstorms and an NAO robot. The data were collected and reviewed by

nternal stimulus inventory and an analysis of the use of descriptive statistics. The data
alysis produced the results using analysis of variance (ANOVA) and positive results
were reached with an NAO robot [24]. Some studies have indicated the first side effects on
computer science education [25] and the second is the effect of making a digital game [26].

In the United Arab Emirates, the research used one local primary school, of which
an NAO robot was placed in a school and it was surveyed and inserted into one of the
science subjects (mathematics); the machine reached positive results in teaching with an
NAO robot. The sample included 44 male and female students. The results reached were:
(i) get rid of reluctance, passivity, and nonparticipation; (ii) breaking the barrier of fear of
student participation; (iii) great accuracy in the tests results, and (iv) students interact with
the use of an NAO robot in the classroom more than they interact without it [27].

There were two studies reviewed on a social robot for education [28,29]. Firstin science,
technology, engineering, and mathematics (STEM), and second, from teachers’ perspectives.
Many studies have offered to integrate and introduce modern technologies in presenting
communication between students and university teachers to use communication [30,31]
and present students’ perceptions [32]. The study of some research papers used some
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types of robots that treated children with physical disabilities and special needs, such as
the ZORA Robot [33] and the Kaspar Robot [34], in an educational manner and achieved
their goals.

There were two studies conducted in Japan, the first of which was shown [13] and the
second study indicates the support for trainers and teachers in teaching programming with
arobot by introducing an education system that helps to detect and repair in programming
classes that identify the student who raised his hand and responded to him [35].

A study introduced an arithmetic pattern that appeared in schools to learn arithmetic
and the study reached positive results, showing that the intervention enhanges -
matical concepts and arithmetic thinking and improves students’ thinking skN@n
another study, a task was developed and worked to complete previous study 39].
In the field of assistance and knowledge of the teacher. A total of 22 s from a
Japanese university were silent in breaking the ice as one of the componeggs 8thyrcontent
in educational content for students. The study concluded that it repre$qgtsy problemin a
great educational explanation for the teacher to explain and rev1e n [41], another
study, a teacher and the telepresence robot communicated, as Figure 3. Positive
results have been obtained by using NAO. %

Figure 3. In an experimental simulation, the author is with a group of students.

A study created a cloud-based platform for educational purposes using an NAO robot.
It implemented the Google Cloud Platform from the Google App Engine. This study aimed
to create an idea that is supportive of the teacher in the educational environment, not to
replace it [42], as shown in Figure 4.

Another study used robots as an educational tool by introducing mindtool in teaching
and education. The study sample was 21 students in the second class who used LEGO
Mindstorms NXT. The study found the effectiveness of robots as an educational tool
for developing students’ knowledge [43]. Some papers focus on applications and their
introductions to the educational process are presented in Tables 1 and 2.
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Table 1. Summary of articles ba:

S%m technologies, applications, target party, and motivation

for NLP.
No. Ref. Technologies Study S pplication Target Party Motivation
Artificial neural x
networks + inverse @( Human + Intangible
1 (4] kinematics V tor Teaching Students cultural heritage
algorithms ‘(
Y Students + Concentration +
2 [45] Child-robot inger: Children Educational . attention
Children . .
+ Visualize performance
3 [41] TelepfeNp Children Spealf * Children Foreign .
Teaching language teaching
- N
4 Master students Training Master students Program both virtual +
real autonomous robots
5 Pupils Teaching Students Timetables
6 Children Teaching + Children Improvement in
learning studentlearning
‘ AW Review Hybrid Speech All learning
8 \YSO] Proposal + prelimina Hybrid Speech All Learning + education
P P 24 Y recognition g
97' [51] Robots in education Hybrid - All study
Bridging High school + Speak + Education
10 152 robotics education university Teaching Students challenge
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Table 2. Summary of articles based on the type of application, name technologies, variables (indepen-

dent/dependent), method, outcome, and activity /purpose of the study.

Type of Name Variables Activity/
No.  Ref. A yl}i)cation Technologies (Independent/ Method Outcome Purpose of
PP 8 Dependent) the Study
ol sosed bl Capaiy
§ Mobile guag . 8 58 teachers + WhatsApp g g on critical Improve English
1 [53] - Mobile-Assisted s © testand a S e %
applications + U-Dictionary + email L thinking for writing skills
Language critical teachers
Learning (MALL) thinking test
. Mult{nﬁledla te?(tb_ook ra Multilingual Electronic
- Educational multilingual dictionary + N N
2 [54] - - . R electronic educational
dictionary platform audio of conversational -
dictionary complex
phrasebooks
Design and
creation of
The project makes 600 students + 5 different test§ tobe Students .
- . carried out us Teaching +
3 [55] Tests the most of a learning tests + different - ;
management system languages through the dictjonaries, translation
8 Y guages, consultation of  pegfrm better
online
dictionari
; . OJAD (Online Visual + aud.ltory + » Aid teaching +
4 [56]  Experiments Japanese Accent systematic + DictioQry accent + phrase 1 .
Dictionary) comprehensive X P earning
intonation
Training IT Foreign languages + 30 Programs for Technical translation+
1Yuage .
-
s 57 students Q&A IT students aining of tlfglizll:t‘i]sn search + read
students.
W
Opened access
to vast
Digital ¥ resources of
datammges e review libraries+ Development of
. ing the .
. * ouyge electronic usingt e-learning tools +
6 [58] - Review onyrtextbooks+ resources in scientific websites for the study
A : and L X
- ctiopdry + translators Latin educational of Latin in Ukraine
in Latin .
potential and
experience in
\ teaching Latin
o Created the
. Combining avaNgat of Byte-Pair Methods in first NMT Neur.al .
7 [59] advanced En®Ning (BPE) Japanese Vietnamese systems for Machine Translation
methods g P Japanese to translation

gdithm

Vietnamese

X

<

From Tables 1 and 2, we have observed that there is an overlap between NAO robots

and NLP. Where NAO robots perform the tasks and activities of their approaches to the
tasks of the NLP such as question answering, text similarity, text generation, sentiment
analysis, and machine translation.

Table 3 is a summary of the results of associated works, including all aims of the
studies, modes, datasets, study field/area, and limitations in the study sample.

3.1. Motivations

The focus of this study is the creation and training of personnel in education and learn-
ing: entrepreneurship curriculum, internship programmers, lifelong learning, and transfer
of technology, training of educational staff, a collaboration between the university, industry,
and students. The focus is on staff development and training in education and learning: en-
trepreneurship curricula, internship programmers, lifelong learning, and technology transfer,
training educational staff, university-industry cooperation, and student cooperation [60].

Electronics 2023, 12, 2864
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Table 3. Summary of associated works includes all aim of study, model(s), dataset(s), study field /area, and limimlivn[:\@
=N

No. References Aim of Study Model(s) Dataset(s) Study Field/Area A ) Limitation(s)
‘mmm nonpeer-reviewed studies.
The goal to increase engagement learning, Focused only on formal K-12 classrooms.
and behavioral change; gamification aims  Analysi 9) datas ; Framework needs further empirical validation,
1 Dehghanzadeh et al. [61] tocapitalize on people’s Inherent desireto Meta-Analsis (9) dataset (PRISMA) gu Limited to educational purposes, excluding
play and compete noneducational contexts
C Future studies should have a broader focus
v Expand robot programming and computational
Childhood education: Effects thinking CT education in early
on computational Matatalab childhood settings.
2 Yang etal. [62] thinking, sequencing ability, coding 101 kindergarteners ypotheses Integrate technology-enhanced curricula and
andself-regulation train teachers in robot programming alongside
traditional skills.
‘The study’s focus is on Chinese EFL learners at
Zhang et al. Explore Chinese EFL learners’ acceptance  Technology acceptance mode, Chinese universities
3 s e of mobile dictionaries (MDs) and identify mobile technology NLP Subjective data: questionnaire and
factors influencing their perceptions evaluation framework group interviews.
Lack of discussion on sample limitations.
Children’s gaze behavior during dialogue Yy Limitations: Small sample size,
breakdowns in robot-assisted language Jideos limited generalizability
4 Veivo etal. [64] learning (RALL) is analyzed. Gaze patterns IRE model 7 imary school Robot (RALL) Focus on specific age ranges and language
are identified through multimodal analysis learning, reliance on video recordings.
of video recordings 4 Potential omission of nonverbal cues
Lb Short-term duration; heterogencous
learner group.
5 Engwall et al. [65] Analyze robot behavior in RALL with % 33adults Robot (RALL) Subject drop-out.
adult learners and interaction
a Semi-automated Wizard of 0z study.
,
Smart UEnglish app improves English 252 - y Short duration.
oreign language S Limited number of participants impact
3 Hwang et al. [66 N MNElish Robot + NLP particip »
ang et al. [66] (EFL) conversation with authentic x el Englishtextbook study findings.
context effectiveness <
Compare ASD and TD children’s joint hd Limited generalizabiliy.
7 Caoetal. [67] attention responses with an adult apd parative study design 27 ASD + 40 TD children Robot + Education Short duration, small sample size,
social robot (NAO) 6 Potential confounding factors
Create human-human interaction N A ARAZAC Robot Limied vatlab Iy of B b haviors
8 Koetal.[68 v -Act2Ac interaction datasets for learning socia
o etal. [68] for teaching social behaviors tf{rol in various situations.
Lacks empirical evidence, limited scope.
9 Belpaeme etal. [69] simulation 40adults Robot + NLP Ignores Individual differences.

Explore social robots &vr«eumd
|.miudg& ning

Lacks real-world examples, does not
address challenges.
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No. References Aim of Study Model(s) Dataset(s) Study Field/Area o W Limitation(s)
\' "rmsmdy‘s||mnanonsmcludcalackuf
generalizability due to a small sample size and
Study Furhat robot’s interaction styles for limited diversity of participants.
10 Engwall etal. [70] language practice, assess Four interaction styles 32 participants Robot + It lacks comparison to other methods
Tearner satisfaction Focuses narrowly on postsession ratings.
Neglects individual learning needs.
Identify educational barriers to child rights v Limited discussion on challenges faced
1 Chew etal. [71] in Malaysia, propose robot activists as an Model design Student ot + Education Absence of quantitative evaluation.
‘Innovative solution. . N
\) ‘The research on the acceptance of telepresence
Explore telepresence robot acceptance in robots in educational contexts
ucation, analyze factors influencing us is underdeveloped.
12 Leetal. [72] education, an “"fydi“;';‘r‘";de“d: Buse Platform Qualtrics 60 participapi® Robot + Education The study focuses on analyzing factors
recommendinions o mprvea wonbiliy. influencing the use intention of telepresence
robots in higher education.
vy
A“"“ ]”’d‘ feasibility ""‘""“"“'““‘é‘ Prior research used human wizards.
RS Hindering assessment of autonomous robot-led
13 Engwal etal. [73] Iangiag praciceand el speech Language model sWdents Robot language practice with accuracy and adequacy
gnition and utterance Pty
selection methods ®
Focus on specific language disorders
Lack of exploration of long-term effects
Examine the effects of using RASA robot in and generalizabilit
14 Esfandbd etal. [74] speech therapy for children with CNN architecty CK+ dataset Robot + Education Small sample size limits generalizability,
language disorders. preliminary results
Potential bias in video coding,
- \ Study limitations include the rubric’s limited
ability to assess course content quality.
Assess online course quality and identify Sample generalizability to other institutions.
15 Zhou etal. [75] factors influenc T 100 courses Education Empirical evidence linking course design
implementation effectiveness. features with student performance outcomes is
needed in future research.
N Potential effect of the system on
Enhance student engagementin o collaborative learning
1 Peng etal. [76] collaborative writing by integrating Technology Leepnce 161 students Education Limited experimental settings

rgroup and intragro
awareness informatios

Questionnaire survey limitations,
contextual specificity.

X
&
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Limitation(s)

No. References Aim of Stu Model(s Dataset(s tudy Field/Area
i im of Study del(s) ) Study Field/ ~
Exploring online instructors’ \v Wiicluding multple universites
rapport-building strategies and factors for Nineteen college Compare instructional modalities.
7 Flanigan etal. [77] iiiingand maintaiing apport Community of inquiry (Col) estrnciors - Incorporate student perspectives and assess
with student effectiveness of rapport strategies
Critique discriminatory learning analytics ? Addeessing he limitions of exriog auslyes
X Advocating for diverse stakeholder perspectives.

8 Selwyn etal. [76] g exploe altsrostve llgued wih Learning analytics students Interdistinlimnry approadhes and
iverse learners and learning experiences b approas

19 Belpaeme etal. [79] Exploring social robot - Limitations of social robots in education:

P cducanonourcomcsandchaﬂcngcs technical, logistical, and ethical considerations.
- Limitations include ongoing debate over
Compare active and passive SDOH . interpretability of machine-learning data
2 Ramirez et al. [50] screening methods in clinical spaces. Retrospective cohort analysis 17’\ NLP - Reliance on diverse data
- Small sample size for certain SDOH factors.
~ e
\ - Effective professional trainers are crucial in
cultivating expertise and identity recognition in
various enterprises,
To enhance professional trainers’ - Traditional teaching methods for trainers focus
2 Chang, etal. [81] effectiveness through a robot-based digital BSFE model 40 trainers Robot onmedical content, lacking plan design and
storytelling (DST) approach content organization.
- This study proposes a robot-based approach
using the brainstorming, selection, forming, and
A evaluation (BSFE) model
A
To examine the performance of social - Initial findings suggest that while human-tutor
robots as university professors in lectures led to higher knowledge acquisition
engineering education, measuring mbo{k tutor lcc""cs generated
enjoyment, and knowledge acquisition 138 people, greater enjoym,

z Velentza et al. (82] Joyment,and knowledge acqulsition, 7 Males s 131 Females Robot « Futher rescareh i nesded t explre the
e conoon ereen comaaion beween enoymern, srprise and
enjoyment and knowledge acquision Touledos sequietion

ougha serles of experiments - Generalizing results to all genders.
The aim of this study is to identify - Methodological limitations include a narrow
are the moral consideration focus on the Netherlands.
associated with the introduction - Smallamplesiaesand limted
7 Smakman etal. [33] robots in primary education, tof Questionnaire 18 Robot + Education representativeness.

‘guidelines for their

‘The limited number of participants per
stakeholder group may not represent the entire
population within each group.

~/

responsible |mv!c%{anun
Q

<
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Study Field/Area o N Limitation(s) No. References Aim of Study Model(s) Dataset(s) Study Field/Area
\v Whataset bias.

N Wihe study's sample size was large but b

Table 3. Cont. A

No. References Aim of Study Model(s) Dataset(s)

Limitation(s)

variations amongthe pupils, making statistical

Automated essay scoring methodology
using NLP to reduce teacher workload.

Numerical instability.

testing difficult - ReaderBench 17 Limited model sel a
2% Westera et al. [87] e V eaderBench 3reports imited model selection guidance
Investigate effects of robot behaviors on Ib Future research should include additional data gh precision achicves substantial Potential complexity in automated essay.
% Konijn etal. [47] students’ learning outcomes NA 86 students collection and longer-term perspectives to (‘ scoring methods
in multiplication valdate e indinge FXPIOTng AUTOMATIc methods Tor
Testing with lower-grade students starting at a Y
! 2 7 professors teaching and Debate on whether an expert model can be built
lower level could provide further insights into » o constructing an expert model fomtextual  pesign technology inegration 7 2101 2 Celely basod o mepert el data thout
robot tutoring for arithmetic tasks. y explanations, focusing on key concepts, i learaing major universities in NLP based
and evaluating different metrics. the US N expert input
Current instructional methods focus on isolated
information, hindering the identification V The study assumes a peer assessment scenario in
ofrelationships. overcrowded classrooms.
Manual construction of concept maps from Aiming to detect inconsistencies betweer
teaching materials is time consuming mumericalscores and textual feedback provided
for academics. by assessors
Natural langusge processing (NLP) algorithms Automated detection of inconsistencies in Two approaches were presented, one using a
are developed 1o extract concept 30 Rico-juan etal. (89] peer assessment using machine learning, this paper, we consider ML o 8 s . regression algorithm with embedded textual
. y Analyze and remove nofse from lecture maps automatically. aiming to reduce teachers' workloadand algorithms for NLP 2 and the other using neural networks with
Awpattu etal. [84] ‘Slides for structured data analysis Rating lecturers NLP Autogenerated concept maps show promising ensurea fair evaluation process. direct text input.
results and are rated positively by academics for Results showed good performance, but future
pedagogical use. work could focus on interactive learning to
Previous studies focused on extracting concept improve accuracy and reduce manual checking
maps from different sources, while this research L by teachers.
targets lecture sldes. =4
The system generates comprehensive concept Automated, adaptive guidance: moving B Limitations: despite automated, adaptive
‘maps with elements like concepts, relations, ) Students forward with nowledge integr, 798 6th and uidance, students struggle with integrated
- 6 hierarchy, and summarization. 31 Gerardetal. [90] persomaled scistance (K1) +cgrat 7thegrade students Education revisions. The annotator tool aids knowledge
*
integration, but further investigation is needed.
Exploring artificia intelligence (AI) chatbot Limited generalizabilty to different dialog N Small sample size, varyin
book talk companion to enhance Settings, and potentia . ple size, varying
2% Livetal. [85] ¢ e 68 students NLP Challenges in multi-student interactions. implementation settings.
iuetal. [85] reading experience and maintain students’ mqm .
P Nonanthropomorphic respons: Aim: Develop an Al-based chatbot to Reduced complexity, and limited experience
interest and social connection N
Need fof machine earming based training 2 Lee etal, o1 enhance preservice teachers' responsive of parti
ecetal. [91] uenioning skills n Chatbot Education Need for replication with in-service teachers,
Limited adaptability due toa mathematics education. varying levels of student struggles
service-oriented architecture. Lack of expert feedback on
Quantitative scores provided for training exams ¢ questioning strategies.
Formativ asessment syste for st but only indications for evaluation exams.
27 Rodrigues et al. [86] and teachers, automating C>l<am IRt Assessment History teachers NLP Word matching and similarity scores may not x Study based on Chinese MOOCs, unclear
‘monitoring progress, and pro capture all nuances of student responses. generalizability to English-speaking community,
feedback on free-text answ Improved accuracy by expanding question and o Analyze social media impact on Inaccuracy of data due to crawle
reference answer (RA) repository and using 3 Luetal. [92] health and weliging. analysis of randomly selecting 4 Course Education for improved text classification.

Xo

advanced pattern recognition methods,

&
oY

d

Limited investigation of
social-background impact.

<
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No. References Aim of Study Model(s) Dataset(s) Study Field/Area o W Limitation(s)
\ ‘hmrguumumm" mining algorithm’s accuracy
can be improve:
= More diverse and extensive corpora can enhance
Explore the impact of automated feedback ‘model performance.
: Feedback mechanisms and L
34 al. [93] on students' logical ovel NLD aprances 71 students  Future research should explore leaner-centered
argumentation writing abilities. design and intelligent educational systems for
different learning scenarios and
‘( ‘metacognition skills.
Y - Limitations: novelty factor influencing reduction
in Al-learning anxiety.
Investigate differences in learning -+ The potential influerce of embedded videos:
achievement, Al aniety, computational Voice assistant application 56 university  Technical issues affect learning process. Future
94
35 Hsu et al. [94] thinking (CT), and learning behaviors in VA ap) first-year stude Education studies should address long-term Al knowledge
CTand Al concept learning. ‘managemen
\ video-embedded instruction
yJ = Small number of participants in the control
Investigate demographic factors group, varied attitudes towards the chatbot,
need for further validation.
36 Han et al. [95] '""“f::.‘"ﬁ.‘ﬁﬁ.‘,’.“;?,‘;ii.‘.‘.’i rience of FAQ chatbot O students Education «  Futurestudies should explore visual design,
inclusive learning usability, and privacy-related barriers to
C chatbot improvement.
Develop pedagogical agents with adaptive, 4 - Limited scope due to multidisciplinary nature.
adequate, relational, and logical Papers published - Potential exclusion of relevant articles from
2 Sikstrom et al. [96] commuivation for offectve ang waable Systematic rev) o ano030, Education other domains and languages, strict inclusion
learning support - g criteria may have excluded relevant work.
v + Thefeedback statement may not change despite
S revisions if automated scores remain the same.
Investigate student reactions to automated - Personalized feedback based on automate
38 Zhuetal. [97] eedback and the relationship between A 374 students NLP scoring and user behavior analytics should
revisions and improvement in be explored.
scientific-argument writing - Comparative studies across different domains
are needed.
&
N = The study did not observe teachers’ responding
practice in the classroom to assess the transfer of
= Generalizability s limited as the study focused
on four teachers in one school during one
instructional context.
= Differences in teachers’ mathematics knowledge
39 Bywater et al. [95] NA 4high school /teachers Education for teaching (MKT) could have influence

observed differences in responding not just the
TRT recommendations.

‘The TRT's focus on text-based explanations
limits its applicability in contexts where students
use other modes of expression or have

linguistic diversity.
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No. References Aim of Study Model(s) Dataset(s) Study Field/Area o W Limitation(s)
"N W imited to exploring the #michED Twitter.
hashtag used by teachers in Michigan.

- Focus on chat and nonchat spaces within
the hashtay

Ib = Reliance on Twitter's built-in features
for communication.
«  Different literacy practices observed in chat and
- Analyze teacher-focused Twitter hashtags Descriptive and #michED1/9/2015 to nonchat contexts.
0 Greenhalgh ctal. [99] as distinct affnity spaces for learning hierarchical analysis 08/2016 Education © Chatmode emphasizes social interaction, while
- Informal learning throu;
‘media highlighted.

«  Implications for teacher educators, preservice
teachers, and in-service teachers in
understanding hashtag participation skills in

\ different social situations
¥ J «  Limited number of participants from a specific
EFL context.

«  Reliance on usage data and reflection essays as
data sources.

«  Unequalsizes of student clusters generated by
cluster analy

- Limited generalizability to other types of

Analyze students’ interactions with Al for Cluster and epistemic Al agents.

4 Wangetal. [100] English foreign language (EFL) learning networkanaly 16students Education N N**“‘f‘“""""e‘*"P‘”“"”ﬂ““""mﬂ““

nd dentiy factos for sucees + Considerationof alternative theories for
° comprehensive understanding of human-Al

\ interactions in education.
* - Confinement to the combined frameworks of
Col and SAL.
- Potential value in incorporating additional
4 data-collection techniques.
2

- Single MOOC, topic, and platform may not
represent all MOOCs.

+  Misclassification of posts containing words
appearing in both topic-related an
unrelated posts.

= Modelrefinement is needed to identify triggers
for misclassification.

Investigate massive open o] .
© Vangetal 101] 1000 learners oru Latentsemantic analysis (LSA) 69867 learners Educaton + Fure research should conside leaners’

a
patterns and their imp: formance

irrelevant posts for course design
and facilitation.

= Learners' topic-unrelated posts, complaints, and
technical problems may impact grades and
dropout rates.

-+ Limited focus on grades as a measure of
learner performance.

&
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3.2. Contributions

*  Provide a guide for researchers, trainers, teachers, orientalists, and students;

«  Promote policies and initiatives by universities and institutes to improve the research
capacity of academic staff and students to join the NAO robot in the classroom and
the laboratory;

*  Cultivate a culture of learning, training, and teaching with NAO robots and make it
essential in the field of education;

*  Develop the skills of students and enhance their scientific level, cooperating to achieve
the correct answer for any question.

numerous benefits and challenges. Robots equipped with NLP algorith de per-
sonalized instruction, adapting teaching methods to individual stude e¥§s. Mey also
foster collaborative learning, promote critical thinking, and enhance c0 ication skills.
NLP enables automated grading, immediate feedback, and lan % arning support.
Ethical considerations, such as data privacy and algorithmic fa% ust be addressed.

Collaboration between educators and technology develof(is cial for successful im-

4. Discussion \@
The integration of robots and natural language processing (NLP) in edQn ffers

plementation. By responsibly integrating these technologt® education can become more
interactive, inclusive, and prepare students for th t@
Summary of the main points

1.  Personalized instruction: robots provide ta#Qred feedback, adaptive content delivery,
and personalized tutoring;

2. Collaborative learning: robots facilit: iscussions, fostering communication
and critical thinking skills;
3. Automated grading and feedb algorithms enable automated grading and

timely feedback;
4. Language learning suppo%LP—driven robots aid language learners through con-
versations and expla Jat

y, fairness, and ethical implications must be addressed

5 Ethical consideratiggg:
in implementdia@
6. Teacher—tec% llaboration: educators play a vital role in guiding and contextu-

alizing te se;
7.  Prepar &&r future skills: robots and NLP prepare students for future workforce
demadd:
8. IngcIR education: robots promote inclusivity by supporting diverse learners;
9. i t engagement: robots increase student engagement and active participation
%learning;
dvancements and challenges: ongoing advancements and challenges shape the

@ future of these applications.

?s&

The study dealt with a review of twelve journals that received the highest ranking
on the Scientific Journal Rankings (SJR) website and within the first quarter (Q1) in two
different fields of meaning, merged with performance and converging with ideas, namely,
the first field, robotics and the second field, education. The journals were extracted and
prepared within the specified period of study and the journals came in succession. Figure 5.
shows the number of articles in relation to the study journals. It came in the following
form: British Journal of Educational Technology (10), Computer Assisted Language Learning (9),
Computers & Education (3), Foundations and Trends in Machine Learning (1), IEEE Robotics
and Automation Letters (7), IEEE Transactions on Robotics (7), International Journal of Robotics
Research (6), International Journal of Social Robotics (3), Internet and Higher Education (16),
Journal of the ACM (12), Science Robotics (7), and Soft Robotics (1). The International Journal
of Robotics Research received the highest value of H-index (155,2020) and (180,2023) in
the field of robotics and the Computers & Education Journal received the highest value of
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H-index (164,2020) and (215,2023) in the field of robotics within the period of the study.
We also realized that the Internet and Higher Education journal (16) articles, obtained the
most publication and contributions from the current study, in comparison with other sober
scientific journals. We also advise all researchers to accredit all study journals as having the
highest classification in Scopus and SJR during the study period.

SoftRobotics N
Science Robotics [

soumnalofthe acv @

ntemet and Higher Education | \
J— Q
S —)
—— »
—
|
I

ntemational Joum 3

Intem -tional Jouma of Robotics Research

ransactions on Robotic

Education

Computer Assisted Language Learning

British Journal of Educational Technology

Figure 5. Number of articles in Journals.
After that, the categories of researc x re covered as it included four classes

in the field of learning: special needs 5 Jkindergartens (31.3%), schools (46.9%), and

universities (9.3%); most of the rese apers focus on the category of schools.

4.1. Distribution of Publications, Qﬂe Years of Publication

The sample included a €n}t¥y. For the period from 2014 to June 2023. This study was
distinguished by dividi «& into two first and second semesters (every six months)
and appeared as follgw. apers have been published since 2014, 4 papers have been
published sincg 5, apers have been published since 2016, 7 papers have been pub-
lished since 2085 ers have been published since 2018, 9 papers have been published
have been published since 2020, 23 papers have been published since
2021, 12 payer¥have been published since 2022, and 7 papers have been published since
ized that the studies began to increase from the beginning of the period to the

% Dhstribution by the Author’s Nationality
The articles covered 28 countries from 5 continents. The study articles were distributed
& among 82 countries. The UK came up with 12 studies, followed by the USA (9); next is
& Hong Kong (7), Japan (6), South Korea, Germany, and Switzerland (5 each), Italy, Taiwan,
and Israel (3 each), China, Malaysia, Turkey, Denmark, Greece, and Australia (2 each),
and Sweden, Slovakia, Ecuador, Portugal, Iceland, Singapore, Canada, Kazakhstan, India,
e Belgium, Chile, and South Africa (1 each).
Finally, we extracted the percentage of natural linguistic programming uses by age
Q groups for the study sample.
The study articles are organized according to their use by age groups, respectively, (0,
77, 27, and 40) regarding the preparation of articles in the study, while (0, 71, 028, 25.233,
and 3.738) consecutively in percentage.

4.3. Advantages

Students can benefit from robots in education in a number of ways. First of all,
they give students a hands-on learning opportunity, enabling them to engage with and
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experiment with complicated ideas. Second, robots engage students’ interest and drive,
enhancing the educational experience. Robots may also be designed to adjust to the needs
of each learner, providing individualized learning opportunities with tailored feedback
and assistance. By promoting collaboration and communication among students, they
also support group learning. Finally, introducing kids to coding and programming ideas
through the use of robots in the classroom helps them develop their problem-solving and
computational thinking abilities.

Natural language processing (NLP) offers several advantages in education. It en-
ables the development of intelligent tutoring systems that provide personalized guidance
and assistance based on students’ natural language input. NLP technologies.gid -
guage learning by analyzing language patterns and providing targeted sugg% nd
corrections. NLP algorithms can also organize educational content and o onal-
ized recommendations based on students’ needs and interests. Further 3 allows
for automated assessment and feedback, saving time for educators a oWrdifg timely
feedback to students to track their progress and identify areas for% ent.

4.4. Disadvantages

The use of robots in education comes with several di d&ges. First, the cost of
acquiring and maintaining robots, as well as providing %cessary infrastructure and
training, can be financially challenging for schools ghd@d§ational institutions. Secondly,
operating and maintaining robots can be technically BEx, requiring additional training
and expertise for educators and IT staff. Moreowgr, roBots are often designed for specific
tasks and lack adaptability, limiting thei ess across various subjects and grade
levels. Additionally, relying heavily on ro p&ea s a dependency on technology, which
can disrupt the learning process if teclagicNyissues arise. Lastly, robots cannot replace
the social and emotional aspects of rnteraction that teachers provide, as they lack
empathy, understanding, and nuanmpport.

The use of natural langu rocessing (NLP) in education has its disadvantages.
First, NLP systems may sn%' h understanding various accents, dialects, or language

variations, leading to pot; interpretation of student input and inaccurate feedback.
Secondly, privacy agd% ity concerns arise as NLP systems collect and analyze
student data, reqyigi er safeguarding to protect sensitive information. Additionally,
while NLP-bas ssMent tools offer efficiency, they may not fully capture complex skills
like creativity %tlcal thinking, relying too heavily on automated assessments. Bias and
cultural sepgitNgty can also be problematic, as NLP algorithms can be influenced by biases
in the tra data, reinforcing inequalities or stereotypes. Finally, technological limitations
in ems may result in a limited understanding of context, idiomatic expressions,
orWuanced language use, impacting the accuracy of responses and the comprehension of
communication.

5. Conclusions

A systematic literature review was carried out as part of this investigation utilizing
the PRISMA approach. First, significant keywords and pertinent databases were found,
and a PRISMA flow chart was used to meticulously document the search procedure
for 12 journals. The outcomes were screened using inclusion and exclusion standards,
and the included reports are detailed. A table containing the evaluation findings is also
included (technologies, applications, target party, motivation, the aim of the study, model,
dataset, study field/area, and limitation) was presented, summarizing the results. We
observed that all presented used NLP and NAO robots in education for several reasons,
for they were utilized in education to personalize language learning, create interactive
experiences, support special needs students, streamline assessment, and develop future
skills. These technologies enhance engagement, adapt instruction, and foster a dynamic
learning environment for students in diverse educational settings.

Based on the previous studies, the following conclusions have been drawn:
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1. Transformational impact: robots and NLP have the potential to transform education;

2. Personalized learning: individualized instruction enhances engagement and knowl-
edge retention;

3. Collaborative environment: robots foster communication, critical thinking, and team-
work sKills;

4.  Efficiency and feedback: automated grading saves time and provides immediate feedback;

5. Language learning enhancement: NLP-driven robots support language acquisition
and accessibility;

6.  Ethical considerations: privacy, fairness, and transparency must be prioritized;

7.  Teacher empowerment: collaboration between educators and technology ve@'s
is crucial;
1lls;

8.  Futurereadiness: integrating robots and NLP equips students with ess
9. Inclusivity and engagement: robots promote inclusive education
dent participation;
10. Constant evolution: advancements and challenges continue to shgpe
Through the literary studies reviewed in our paper, conc mvere made, many
important points were reached, and the contributions are re ted by two axes: the
first axis is students or learners (recipient) and the secopfaxis%s teachers, trainers, or
supervisors (the sender). The first axis represents the outcomes of the introduc-
tion of robots into learning, theoretical materials,%@study process, implanting the

ive stu-

e applications.

spirit of cooperation among students, competition, apid access to the outcome and
solving educational problems, the number of refgtitions of reaching the goal and positive
results, and the great interaction betwee , the involvement of all students in the
educational process, eliminating the leth sgme students by making an interactive
environment (participation of all), avo@xclusivity, lack of friction, and talking with
some students. As for the second axi erver of a no-show assistant teacher or teacher
taking the absence record and the p e and negative behaviors of a student, knowing

the distinguished student by ding the number of his participation in discussions
and answering questions, r% out a mechanism for correcting electronic books, and
eWlc

showing the results or em to higher administrations. The innovative ideas in
this article are not Bm@ ation but can be extended to many other fields, such as
speech and tran ‘ween languages, etc.

To answe e e questions of the study: (Q1) The sample of the study proved that
learning wit] &buts is more desirable for several reasons, including the acceptance
of student®{foNyhis modern science, as it included mathematics, science, engineering,
medic@rts, and others. (Q2) The number of studies exceeded in the first half of the

ye@rs (. 2018, 2019, and 2020), where it reached 68 studies compared to the second
tegf the sample study, which indicates a trend in this field in recent studies. (Q3) The

my ample obtained the following percentages: special needs (12.5%), kindergartens

,{&

3%), schools (46.9%), and universities (9.3%), It showed the superiority of schools in the
application and used several countries; for example, the USA, Hong Kong, Japan, South
Korea, Germany, Switzerland, Italy, Taiwan, Israel, Qatar, and the United Arab Emirates.
See Appendices A and B.

NAO robots are significant because of their adaptability and variety of uses. They
have applications in a variety of fields, including science, healthcare, entertainment, and
education. NAO robots are useful teaching tools for teaching programming, robotics,
and STEM subjects to students of all ages in educational settings. Their user-friendly
programming interface enables students to obtain practical experience and advance crucial
coding and robotics abilities.

Author Contributions: Conceptualization, N.LR.R. and H.A.Y.; methodology, N.LR.R. and H.A.Y;;
software, N.LR.R,, M.N. and H.A.Y ; validation, N.A.G. and W.G.; formal analysis, H.A.Y,; investiga-
tion, H.AA.Y.; resources, H.A.Y. and M.N,; data curation, H.A.Y.; writing—original draft preparation,
W.G.; writing—review and editing, N.A.G. and W.G,; visualization, N.LR.R. and M.N,; supervision,
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N.LR.R. and M.N;; project administration W.G. and N.A.G.; funding acquisition N.LR.R,, W.G. and Appendix A

N.A.G. All authors have read and agreed to the published version of the manuscript.
Table A1l. Summary number of articles and details of journals.

H-Index
No. Name of Journal Web Journal Accessed on Accessed on
18 June 2020 18 June 2023
1/ Jwww.sci ) rnalsear: 2q=
N British Journal of Educational Technology https:/ /www.scimagojr.com/journalsearch.php?q=2398 a7 110
8&tip=sid&clean=0
e ) https://www.scimagojr.com/journalsearch.php?q=1447
2 Computer-Assisted Language Learning 47&tip=sid&clean=0 45 63
</ fwww.sci r rnalsear: 2q=
% 3 Computers & Education hutps://www.scimagojr.com/journalscarch.php?q=1764 164 U
5&tip=sid&clean=0
. ] ) ) ; https://www.scimagojr.com/journalsearch.php?q=1930
4 Foundations and Trends in Machine Learning 0156903&tip=sid&clean=0
s |EEE Robotics and Automation Letters https://www.scimagojr.com/journalsearch.php?q=2110

0900379&tip=sid&clean=0

https://www.scimagojr.com/journalsearch.php?q=9510

% 6 IEEE Transactions on Robotics T&tip=sid&clean=
, International Journal of Robotics Research https://www.scimagojr.com/journalsearch.php?q=1805
0&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=1950 4 8
0157063 &tip=sid&clean=0 P
O 5 Internet and Higher Education https://www.scimagojr.com/journalsearch.php?q \) o1 109
5&tip=sid&clean=0

=231

8 International Journal of Social Robotics

https://www.scimagojr.com/journalsearch.pt

10 Journal of the ACM ! 123 133
7&tip=sid&clean=0 o g
) ] https://www.scimagojr.com /journalsearcNgap?q 4 10
11 Science Robotics 0886132&tip=sid&cle 30 79
12 Soft Robotics https//www.sc‘;;\735;‘())?}10(1:)/]::1ux'1\ N\ chWhp?2q=2110 2 o
O 64 =5 M
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Electronics 2023, 12, 2864 230f26

References

1. Bartneck, C. The end of the beginning: A reflection on the first five years of the HRI conference. Scientometr. J. 2011, 86, 487-504.
[CrossRef] [PubMed]

2. Métais, E. Enhancing information systems management with natural language processing techniques. Data Knowl. Eng. ]. 2002,
41,247-272. [CrossRef]

3. Yang, Y.; Long, Y.; Sun, D.; Van Aalst, J.; Cheng, S. Fostering students’ creativity via educational robotics: An investigation of
teachers’ pedagogical practices based on teacher interviews. Br. J. Educ. Technol. 2020, 51, 1826-1842. [CrossRef]

4. Guggemos, ].; Seufert, S.; Sonderegger, S. Humanoid robots in higher education: Evaluating the acceptance of pepper in the
context of an academic writing course using the UTAUT. Br. ]. Educ. Technol. 2020, 51, 1864-1883. [CrossRef]

5. Hobbs, R;; Tuzel, S. Teacher motivations for digital and media literacy: An examination of turkish educators. Br. . Educ. Ty®piol.
2017, 48, 7-22. [CrossRef] @

6. Yu, X.; Nurzaman, S.G.; Culha, U.; lida, F. Soft Robotics Education. Soft Robot. 2014, 1, 202-212. [CrossRef]

7. Senft, E.; Lemaignan, S.; Baxter, P.E.; Bartlett, M.; Belpaeme, T. Teaching robots social autonomy from in situ h idance.
Soft Robot. 2019, 4, eaat1186. [CrossRef]

8. Younis, H.A,; Ruhaiyem, N.I.LR,; Badr, A.A,; Abdul-Hassan, A.K.; Alfadli, LM.; Binjumah, W.M.; Altuwg
Multimodal Age and Gender Estimation for Adaptive Human-Robot Interaction: A Systematic LiteraturggRe
11, 1488. [CrossRef]

9. Vollmer, A.L; Read, R; Trippas, D.; Belpaeme, T. Children conform, adults resist: A robot gro
normative social conformity. Sci. Robot. 2018, 3, eaat7111. [CrossRef]

10. Michaelis, ].E.; Mutlu, B. Reading socially: Transforming the in-home reading experience wi@arning-companion robot. Sci.
Robot. 2018, 3, eaat5999. [CrossRef]

11. Scassellati, B.; Boccanfuso, L.; Huang, C.; Mademtzi, M.; Qin, M.; Salomons, N.; Ve a@hic, F. Improving social skills in
children with ASD using a long-term, in-home social robot. Sci. Robot. 2018, 3, eagt75M, [CrossRef]

12. Yang, G.Z,; Bellingham, J.; Choset, H.; Dario, P.; Fischer, P.; Fukuda, T.; Jacobstej .; Nelson, B.; Veloso, M.; Berg, |. Science for
robotics and robotics for science. Sci. Robot. 2016, 1, eaal2099. [CrossRef

13. Tanaka, F.; Matsuzoe, S. Learning verbs by teaching a care-receiving 0 ildren: An experimental report. In Pro-
ceedings of the Seventh Annual ACM/IEEE International Conferenc%uman—Robot Interaction, Boston, MA, USA, 5-
8 March 2012; pp. 253-254.

14. Tanaka, F.; Matsuzoe, S. Children teach a care-receiving robot to pr
vocabulary learning. J. Hum.-Robot. Interact. 2012, 1, 78— 95

15. Majgaard, G.; Bertel, L.B. Initial phases of design-based rese;

.X.; Nasser, M.
. Processes 2023,

ed peer pressure on

the educational potentials of NAO-robots. In Proceedings of
the HRI'14: ACM/IEEE International Conference on Humal teractlon Bielefeld, Germany, 3-6 March 2014; pp. 238-239.

16. Diyas, Y.; Brakk, D.; Aimambetov, Y.; Sandygulova, g peer versus teacher robot within educational scenario of
programming learning. In Proceedings of the IEEB 1 h ACM/IEEE International Conference on Human-Robot Interaction
(HRI), Christchurch, New Zealand, 7-10 Ma; c . 425-426.

17. Sanchez, F.AB.; Correal, AM.G.; Guerrero, E. tlve drama with robots for teaching non-technical subjects. J. Hum.-Robot.
Interact. 2017, 6, 48. [CrossRef]

18. Reich-Stiebert, N.; Eyssel, F. (Ir)relevanco der? on the influence of gender stereotypes on learning with a robot. In Proceed-
ings of the ACM/IEEE International C nce on Human-Robot Interaction, Vienna, Austria, 6-9 March 2017; pp. 166-176.

19. Cheng, X; Sun, ],; Zarifis, A. Ayffficia; lligence and deep learning in educational technology research and practice. Br. ]. Educ.
Technol. 2020, 51, 1653-1656. [WgossRef]

20. Qin, F; Li, K; Yan, J. Under, user trust in artificial intelligence-based educational systems: Evidence from China. Br. |.

Educ. Technol. 2020, 51, 16 10. [CrossRef]
21. Shum, SJ.B; Luckin,%earning analytics and Al: Politics, pedagogy and practices. Br. ]. Educ. Technol. 2019, 50, 2785-2793.
[CrossRef]

22. Ahmad, M.L,;  Orlando, J. Understanding behaviours and roles for social and adaptive robots in education: Teacher’s

23. Karaya , Y,;'Hintea, D. Object recognition algorithms implemented on NAO robot for children’s visual learning enhancement.
ggs of the 2nd International Conference on Mechatronics Systems and Control, Amsterdam, The Netherlands,

omputer science non-majors. In Proceedings of the 19th Koli Calling International Conference on Computing Education

esearch, Koli, Finland, 21-24 November 2019.

25. Lee, A. Determining the effects of computer science education at the secondary level on STEM major choices in postsecondary
institutions in the United States. Comput. Educ. 2015, 88, 241-255. [CrossRef]

26. Roberts, T.H.; Brown, D.; Boulton, H.; Burton, A,; Shopland, N.; Martinovs, D. Examining the potential impact of digital game
making in curricula based teaching: Initial observations. Comput. Educ. 2020, 158, 103988. [CrossRef]

Electronics 2023, 12, 2864 240f26

27. Mubin, 0.; Alhashmi, M.; Baroud, R.; Alnajjar, F.S. Humanoid robots as teaching assistants in an arab school. In Proceedings of
the 31st Australian Conference on Human-Computer-Interaction, Fremantle, WA, Australia, 2-5 December 2019; pp. 462-466.

28. Ahmad, M.L; Khordi-Moodi, M,; Lohan, K.S. Social robot for STEM education. In Proceedings of the ACM/IEEE International
Conference on Human-Computer-Interaction, Cambridge, UK, 23-26 March 2020; pp. 90-92.

29. Van Ewijk, G.; Smakma, M.; Konijn, E.A. Teachers’ perspectives on social robots in education: An exploratory case study. In
Proceedings of the Interaction Design and Children Conference, London, UK, 21-24 June 2020; pp. 273-280.

30. Hamid, S.; Waycott, J.; Kurnia, S.; Chang, S. Understanding students’ perceptions of the benefits of online social networking use
for teaching and learning. Internet High. Educ. 2015, 26, 1-9. [CrossRef]

31. So, S. Mobile instant messaging support for teaching and learning in higher education. Internet High. Educ. 2016, 31, 32-42.
[CrossRef]

32. Song, Y,; Siu, CK. Affordances and constraints of BYOD (Bring Your Own Device) for learning and teaching in high
Teachers’ perspectives. Internet High. Educ. 2017, 32, 39-46. [CrossRef]

33. Van den Heuvel, RJ.F,; Lexis, M.A.S.; de Witte, L.P. ZORA robot based interventions to achieve therapeutic and ed
in children with severe physical disabilities. Int. J. Soc. Robot. 2020, 12, 493-504. [CrossRef]

34. Zaraki, A; Khamassi, M.; Wood, L.J.; Lakatos, G.; Tzafestas, C.; Amirabdollahian, F.; Robins, B.,; Dautenhah
reinforcement-based paradigm for children to teach the humanoid kaspar robot. Int. ]. Soc. Robot. 2020, 1

35.  Yoshino, K; Zhang, S. Construction of teaching assistant robot in programming class. In Proceedingf o,
Congress on Advanced Applied Informatics (IIAI-AAI), Yonago, Japan, 8-13 July 2018; pp. 215-2

36. Vrochidou, E;; Najoua, A; Lytridis, C.; Salonidis, M.; Ferelis, V.; Papakostas, G.A. Social robot NA
mediator: A case study of teaching/learning numeracy. In Proceedings of the 2018 26th Int,
Telecommunications and Computer Networks, SoftCOM, Split, Croatia, 13-15 Septembej

37. Shirouzu, H.; Miyake, N. Effects of robots’ revoicing on preparation for future learni eedings of the 10th International
Conference on Computer-Supported Collaborative Learning, Madison, WI, USA, 15— 013; Volume 1, pp. 438-445.

38. Mubin, O.; Stevens, C.J.; Shahid, S.; Al Mahmud, A.; Dong, J. A review of the applibility’of robots in education. Technol. Educ.
Learn. 2013, 1, 13. [CrossRef]

39. Koizumi, S.; Kanda, T.; Miyashita, T. Collaborative learning experiment w;
[CrossRef]

40. Sun, Z; Li, Z.; Nishimorii, T. Development and assessment of robot te@ istant in facilitating learning. In Proceedings of the

0. [CrossRef]
th International

self-regulating didactic
onal Conference on Software,
p. 93-98.

ial Jobot. . Robot. Soc. Jpn. 2011, 29, 902-906.

International Conference of Educational Innovation through Technol ITT), Osaka, Japan, 7-9 December 2018; pp. 165-169.

41. Tanaka, F.; Takahashi, T.; Matsuzoe, S.; Tazawa, N.; Morita, M. Tgepresence robot helps children in communicating with teachers
who speak a different language. In Proceedings of the 9th %EE International Conference on Human-Robot Interaction
(HRI), Bielefeld, Germany, 3-6 March 2014; pp. 399-406

42. Magyar, G.; Cadrik, T; Virtikova, M.; Sintdk, P. Towar; cloud-based platform for robotic assistants in education. In
Proceedings of the 2014 IEEE 12th International & v@ Applied Machine Intelligence and Informatics (SAMI), Herl’any,
Slovakia, 23-25 January 2014; pp. 285-289.

43. Eteokleous, N.; Ktoridou, D. Educational roigi arning tools within the teaching and learning practice. In Proceedings of
the 2014 IEEE Global Engineering Educati erence (EDUCON), Istanbul, Turkey, 3-5 April 2014; pp. 1055-1058.

44. Montalvo, M.; Calle-Ortiz, E. Programmi %emonstration for the teaching and preservation of intangible cultural heritage. In
Proceedings of the 2017 IEEE XXIV I tidnal Conference on Electronics, Electrical Engineering and Computing (INTERCON),
Cusco, Peru, 15-18 August 20

45. Johal, W,; Jacq, A; Paiva, A;
the 25th IEEE Internation.
26-31 August 2016; pp. 5

46. Tosello, E.; Michielet
laborator students
Global Engingeri

47. Konijn, EA;
[CrossRef]

; V v
mbourg, P. Child-robot spatial arrangement in a learning by teaching activity. In Proceedings of
sium on Robot and Human Interactive Communication (RO-MAN), New York, NY, USA,

o, E. Training master students to program both virtual and real autonomous robots in a teaching
ogram both virtual and real autonomous robots in a teaching laboratory. In Proceedings of the IEEE
ducation Conference (EDUCON), Abu Dhabi, United Arab Emirates, 10-13 April 2016; pp. 621-630.

. Robot tutor and pupils’ educational ability: Teaching the times tables. Comput. Educ. 2020, 157, 103970.

48. Xia, L; ng, B. A systematic review on teaching and learning robotics content knowledge in K-12. Comput. Educ. 2018,
127, 26N¢28}. [CrossRef]
49, n .; Jamaludin, R.; Wahab, M.N.A.; Mohamed, A.S.A. The review of NAO robotics in educational 2014-2020 in COVID-

19 WS (pandemic ara): Technologies, type of application, advantage, disadvantage and motivation. IOP Conf. Ser. Mater. Sci.
. 2020, 928, 032014. [CrossRef]

50. unis, H.A,; Mohamed, A.S.A.; Wahab, M.N.A,; Jamaludin, R,; Salisu, S. A New speech recognition model in a human-robot
interaction scenario using NAO robot. In Proceedings of the International Conference on Communication & Information
Technology (ICICT), Basrah, Iraq, 5-6 June 2021; pp. 215-220.

51. Li, D,; Chen, X. Study on the application and challenges of educational robots in future education. In Proceedings of the 2020
International Conference on Artificial Intelligence and Education (ICAIE), Tianjin, China, 26-28 June 2020; pp. 198-201.



Electronics 2023, 12, 2864 250f26

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

76.

77.

78.

Tan, J.T.C.; Iocchi, L.; Eguchi, A.; Okada, H. Bridging robotics education between high school and university: RoboCup@Home
education. In Proceedings of the 2019 IEEE AFRICON, Accra, Ghana, 25-27 September 2019; pp. 1-4.

Haerazi, H,; Utama, .LM.P.; Hidayatullah, H. Mobile applications to improve english writing skills viewed from critical thinking
ability for pre-service teachers. Int. ]. Interact. Mob. Technol. 2020, 14, 58-72. [CrossRef]

Mukhitdinova, K.; Asilova, G.; Salisheva, Z.; Rakhmatullaeva, M. Current issues of creating educational material for intensive
teaching to the Uzbek language of foreigners. Int. |. Eng. Adv. Technol. 2019, 9, 5224-5226. [CrossRef]

Marello, C.; Marchisio, M.; Pulvirenti, M.; Fissore, C. Automatic assessment to enhance online dictionaries consultation skills.
In Proceedings of the 16th International Conference on Cognition and Exploratory Learning in the Digital Age (Celda 2019),
Cagliari, Italy, 7-9 November 2019; pp. 331-338.

Minematsu, N.,; Nakamura, I; Suzuki, M.; Hirano, H.; Nakagawa, C.; Nakamura, N.; Tagawa, Y.; Hirose, K; Hashim H.
Development and evaluation of online infrastructure to aid teaching and learning of Japanese prosody. IEICE Tr: I@t.
2017, 100, 662-669. [CrossRef]

Dmitrichenkova, S.V.; Chauzova, V.A,; Malykh, E.A. Foreign language training of IT-students with the programme, lator in
the directions and specialties of engineering faculty. Procedia Comput. Sci. 2017, 103, 577-580. [CrossRef]

Balalaieva, 0. Online resources and software for teaching and learning latin recursos online e software par: i e¥prender
latim. Texto Livre 2019, 12, 93-188. [CrossRef]

Ngo, X.V,; Le Ha, T.; Nguyen, P.T.; Nguyen, L.M. Combining advanced methods in japanese-vie% neural machine
translation. In Proceedings of the 10th International Conference on Knowledge and Systems Engg (KSE), Ho Chi Minh,
Vietnam, 1-3 November 2018; pp. 318-322.

Younis, H.A;; Mohamed, A.S.A;; Jamaludin, R,; Wahab, M.N.A. Survey of robotics in educ n, taxonomy, applications, and
platforms during COVID-19. Comput. Mater. Contin. J. 2021, 67, 687-707.
Dehghanzadeh, H.; Farrokhnia, M. Using Gamification to Support Learning in K-12
Br. J. Educ. Technol. 2023, 1-37. [CrossRef]

Yang, W.; Tsz, D.; Ng, K.; Gao, H. Robot Programming versus Block Play in Early C#dhoofl Education: Effects on Computational

A Systematic Literature Review.

Thinking, Sequencing Ability, and Self-Regulation. Br. J. Educ. Technol. 20 7-1841. [CrossRef]
Zhang, D.; Hennessy, S.; Pérez-paredes, P. An Investigation of Chinese LNgarrkrs’ Acceptance of Mobile Dictionaries in
English Language Learning An Investigation of Chinese EFL Learners’ 4cc ce of Mobile Dictionaries in English. Comput.

Assist. Lang. Learn. 2023, 1-25. [CrossRef]

Veivo, 0.; Mutta, M. Dialogue Breakdowns in Robot-Assisted L2 Leal@ Comput. Assist. Lang. Learn. 2022, 1-22. [CrossRef]
Engwall, O.; Lopes, J. Interaction and Collaboration in Robot-Asgieted Language Learning for Adults. Comput. Assist. Lang. Learn.
2022,35,1273-1309. [CrossRef] %

Hwang, W.; Guo, B; Hoang, A; Chang, C. Facilitating en¥c Contextual EFL Speaking and Conversation with Smart
Mechanisms and Investigating Its Influence on Learni: C i ents. Comput. Assist. Lang. Learn. 2022, 1-27. [CrossRef]
Cao, H.; Simut, R.E.; Desmet, N.; de Beir, A.; Van ® %’.; anderborght, B.; Member, S. Robot-Assisted Joint Attention: A
Comparative Study between Children with Aug %e rum Disorder and Typically Developing Children in Interaction with
NAO. IEEE Access 2020, 8, 223325-223334 %

Ko, W.; Jang, M,; Lee, ].; Kim, ]. AIR-Act2Ac; n—Human Interaction Dataset for Teaching Non-Verbal Social Behaviors to
Robots. Int. ]. Robot. Res. 2021, 40, 691 CrossRef]

Belpaeme, T.; Vogt, P.,; Van Den Be R’ Bergmann, K.; Goksun, T,; De Haas, M.; Kanero, J.; Kennedy, J; Kiintay, A.C,;
Papadopoulos, F.; et al. Guidelj sIgning Social Robots as Second Language Tutors. Int. J. Soc. Robot. 2018, 10, 325-341.
[CrossRef]
Engwall, O.; Lopes, J.; Ahlu bot Interaction Styles for Conversation Practice in Second Language Learning. Int. ]. Soc.

Robot. 2021, 13, 251-276. (oY
Chew, E.; Sikander, (#ei, K™ee, H. Designing a Novel Robot Activist Model for Interactive Child Rights Education. Int. J. Soc.
Robot. 2021, 13, 16 . [CrossRef]

2022 14, 1067-1085. [CrossRef]
.; Rokhi, Z.; Meghdari, AF. Utilizing an Emotional Robot Capable of Lip-Syncing in Robot-Assisted Speech Therapy

porting Student Agency and Interactivity. Internet High. Educ. 2023, 58, 100912. [CrossRef]
ng, Y.; Li, Y; Su, Y.; Chen, K; Jiang, S. Effects of Group Awareness Tools on Students’ Engagement, Performance, and
Perceptions in Online Collaborative Writing: Intergroup Information Matters. Internet High. Educ. 2022, 53, 100845. [CrossRef]
Flanigan, A.E.; Akcaoglu, M.; Ray, E. Initiating and Maintaining Student-Instructor Rapport in Online Classes. Internet High.
Educ. 2022, 53, 100844. [CrossRef]
Selwyn, N. Re-Imagining ‘Learning Analytics’ ... a Case for Starting Again? Internet High. Educ. 2020, 46, 100745. [CrossRef]

Electronics 2023, 12, 2864 260f26

79. Belpaeme, T.; Kennedy, ].; Ramachandran, A.; Scassellati, B.; Tanaka, F. Social Robots for Education: A Review. Sci. Robot. 2018,
3, eaat5954. [CrossRef]

80. De Ramirez, S.S.; Shallat, ].; Mcclure, K.; Foulger, R; Barenblat, L. Screening for Social Determinants of Health: Active and Passive
Information Retrieval Methods. Popul. Health Manag. 2022, 25, 781-788. [CrossRef]

81. Chang, C; Hwang, G.; Chen, K. Fostering Professional Trainers with Robot-Based Digital Storytelling: A Brainstorming, Selection,
Forming and Evaluation Model for Training Guidance. Comput. Educ. 2023, 202, 104834. [CrossRef]

82. Velentza, A,; Fachantidis, N.; Lefkos, I. Learn with Surprize from a Robot Professor. Comput. Educ. 2021, 173, 104272. [CrossRef]

83. Smakman, M.; Vogt, P.; Konijn, E.A. Moral Considerations on Social Robots in Education: A Multi-Stakeholder Perspective.
Comput. Educ. 2021, 174,104317. [CrossRef]

84. Atapattu, T,; Falkner, K.; Falkner, N. A Comprehensive Text Analysis of Lecture Slides to Generate Concept Maps. Comput, uc.
2017, 115, 96-113. [CrossRef] @

85. Liu, C; Liao, M.; Chang, C.; Lin, H. An Analysis of Children’ Interaction with an Al Chatbot and Its Impact on Their In®gest in
Reading. Comput. Educ. 2022, 189, 104576. [CrossRef]

86. Rodrigues, F.; Oliveira, P. A System for Formative Assessment and Monitoring of Students’ Progress. Conpmg. c. 2014,
76,30-41. [CrossRef]

87. Westera, W.; Dascalu, M.; Kurvers, H.; Ruseti, S. Automated Essay Scoring in Applied Games: Reducing theSga®ier Bandwidth
Problem in Online Training. Comput. Educ. 2018, 123, 212-224. [CrossRef]

88. Kyu, M,; Zouaq, A.; Mi, S. Automatic Detection of Expert Models: The Exploration of Expert Mo thods Applicable to
Technology-Based Assessment and Instruction. Comput. Educ. 2016, 101, 55-69. [CrossRef]

89. Rico-Juan, J.R; Gallego, A,; Calvo-Zaragoza, ]. Automatic Detection of Inconsistencies betwgagn Numerical Scores and Textual
Feedback in Peer-Assessment Processes with Machine Learning. Comput. Educ. 201 1 9. [CrossRef]

90. Gerard, L.; Linn, M.C,; Berkeley, U.C. Computer-Based Guidance to Support Studenfg, @n of Their Science Explanations.
Comput. Educ. 2022, 176, 104351. [CrossRef]

91. Lee, D; Yeo, S. Developing an Al-Based Chatbot for Practicing Responsive Teaing il Mathematics. Comput. Educ. 2022,
191,104646. [CrossRef]

92. Lu, X; Liu, XW.; Zhang, W. Diversities of Learners’ Interactions in Differen®&IOO¥ Courses: How These Diversities Affects
Communication in Learning. Comput. Educ. 2020, 151, 103873. [Cro,

93. Wambsganss, T.; Janson, A.; Leimeister, .M. Enhancing Argumentativ i with Automated Feedback and Social Comparison
Nudging. Comput. Educ. 2022, 191, 104644. [CrossRef] é

94. Hsu, T,; Chang, C,; Lin, Y. Effects of Voice Assistant Creation Usjjsg Different Learning Approaches on Performance of Computa-
tional Thinking. Comput. Educ. 2023, 192, 104657. [CrossR;

95. Han, S; Lee, M.K. FAQ Chatbot and Inclusive Learning i ss¥e Open Online Courses. Comput. Educ. 2022, 179, 104395.

[CrossRef]
96. Sikstrom, P.; Valentini, C.; Sivunen, A.; Karkkairg, @v dagogical Agents Communicate with Students: A Two-Phase
Systematic Review. Comput. Educ. 2022, 18 Y[CrossRef]

97. Zhu, M;; Liu, O.L.; Lee, H.S. The Effect of At egl”Feedback on Revision Behavior and Learning Gains in Formative
Assessment of Scientific Argument Writin ut. Educ. 2020, 143, 103668. [CrossRef]

98. Bywater, J.P.; Chiu, ].L; Hong, J.; Sank %wxyanan, V. The Teacher Responding Tool: Scaffolding the Teacher Practice of
Responding to Student Ideas in Math: ics' Classrooms. Comput. Educ. 2019, 139, 16-30. [CrossRef]

99. Greenhalgh, S.P,; Rosenberg, |
Single Teacher-Focused Twitt

100. Wang, X; Liu, Q.; Pang, H.;
Interactions in Language
[CrossRef]

101. Yang, B; Tang, H,;
Posts in MOQCs.

.; illet, K.B.; Koehler, M.J,; Akcaoglu, M. Identifying Multiple Learning Spaces within a
ashtag. Comput. Educ. 2020, 148, 103809. [CrossRef]

; Lei, J.; Wallace, M.P; Li, L. What Matters in Al-Supported Learning: A Study of Human-AI
ng Using Cluster Analysis and Epistemic Network Analysis. Comput. Educ. 2023, 194, 104703.

Rose, J.R. Untangling Chaos in Discussion Forums: A Temporal Analysis of Topic-Relevant Forum
put. Educ. 2022, 178, 104402. [CrossRef]

Disclaimer/Publish§’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) an tributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
peop% resulting from any ideas, methods, instructions or products referred to in the content.



