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ABSTRACT: Personalized language learning (PLL), a popular approach to precision language education, plays
an increasingly essential role effective language education to meldterselearnerneeds and expectations.
Research on PLL has become an activefmity of research orechnologyenhanced language learning and
artificial intelligence applications in education. BasedtenPLL literature from the Web of Science and Scopus
databases, this studgentified trends and prominent research issues within the field from 2000 to 2019 using
structural topic modeling and bibliometrics. Trend analysis of articles deratatstincreasing intesé in PLL
research. Journals suchEducational Technology & SocietppndComputers & Educatiohad contributed much

to PLL research. PLlassociated closely with mobile learning, gabased learning, and online/wehsed
leaming. Moreover, personalizedddback and recommendatiowere important issues in PLL. Additionally,
therewasan increasing interest in adopting learning analytics and artificial intelligence in PLL research. Results
obtained could help practitiens and scholars better understand tleeds and status of PLL research and
become aware of the hot topics and future directions.

Keywords: Personalized language learning, Topic modeling, Knowledge mapping, Bibliometrics, Precision
education

1. Introdu ction

Recent changes in curriculumgign and pedagogical approaches emphasize the significance and effectiveness
of personalized education in comparison to conventional ctiased learning. Personalized education is one
mode of precision education. Tthboth consider individual differencés trigger the most effective intervention

to meet the unique needs of individual learners and can identifgkastudents at early stages and provide
timely intervention (Lu et al., 2018rang, 2019). Precision edation involves the wide use of techues of
personalized learning, including learning analytics (LA) and adaptive learning software. It has been applied to
various subjects and different education levels, with positive outcomes being re@wiechr et al. (2018)
evaliated the efficacy of ISIMath, which tailored mathematics instruction for seg@ni® students. ISIMath
significantly improved studenisperformance through individualized mathematics instruction based on
assessmentatia. Chrysafiadi and VirvouZ013)presented ELaC, which providediapted instructional materials
based on the backgrounds, skills, and learning paces of individual learners. ELaC improved the adaptation
efficiency of the instructional process and enhanced learning with persoraiziedit and learning pace.

Personalied | anguage | earning (PLL) plays an i mportant r ol
way of dealing with individual differences by effecting as precise a diagnosis as possible on each language
learner thus triggering specific interventisrdesigned to target and respond to each p&rspecific language

| ear ni ng Li@ar &3ahgarans 2D17,([.). According toLian and Sangaruf2017) personalization is

the starting point to identify learner needs and provide precise solutions to satisfy their needs. Thus,
personalization i s faaprbcsienduacfatp oecii si din hed)wd &t imart e
other words, PLL is an important approach to precision language education.

Based on the definition of personalized learning by the US Department of Education (2017), this research
defines PLL as an instruoti that optimizes the pace, approaglodgectives, content, and activities of learning
according to the interests and needs of individual language learners. Advances in analytic innovations and
adaptive learning technologies have significantly facilitatedpersonalization of teaching am@itning. Driven

by the continuously growing requirement for the individualization of language leatearsing processes in a
democratizing and globalizing world of exponential linguistic and cultural demands, Pilbdmome a
prevailing focus of the edational technology industry, as well as a new challenge of the applications of
artificial intelligence (Al), machine learning, and LA. Affordances of PLL have been highligiitedet al.

(2014) proposed a ubiquitous personalized English reading system based on RFID technology.téthe sys
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recommended English articles witkalistic scenarioto learners by analyzing their locations. Specifically, the
system detected a learfetocation and sent situatioalated English articles fdrim/herto read and study. By
consideringthe local context, the English content becameenperceivable, thus supportipgrsonalized and
situational learning. Fang et al. (2018) proposed a codtérén method to recommend personalized grammar
guestions using a pargey tree to detet grammatical structure and grammar question usage. Tip@ged
approach effectively recommended grammar questions by considering both the conceptual and textual
information of grammar questions.

A small number of review studies on personalized learhadjbeen conducted. A representative onXibyet

al. (2019)discussedhe statusnd tendencies of technoleggsisted personalized/adaptive learning by reviewing
70 articles. Their study revealed that data sources such as siyatefites and learning logs wemmmonly

used to support personalized/adaptive learning. Personatizgdifze learningstrategyhadbeen integrated into
many potential applicationsupported bysmart devicesand advances in Al, virtual reality, and wearable
computing. Curently, few PLL reviews are available, with only ofismail et al., 2016)ocusing on the
classification, trends, and challengesPbfL systemsTheir study suggested that PLL systems could be further
improved by incoporating more complex adaptive learner models and contextualized learning tasks.
Recognizing the significance of PLL research, a thorough analysis of the litésateeded to answer questions
such as fiwhat were the mafotuiresaoatsPLh P&t éamnol. dwBat
a stateof-the-art understanding of PLL research hotspots and useful implications for its future development.

Bibliometric analysis involves the application of mathematical/statistical techniques anditajive
measurements to evaluate academic literature (Chen et al., ZORfget al., 202d; Chen et al., 2018; Hao et

al., 2018). Structural topimodeling (STM), a serautomatic quantitative text mining approach with the basis

of unsupervised machetn | ear ni ng, is receiving popularity among s
the data rather than assume tbgRoberts et al., 2014. 106). By combining STM wittbibliometric analysis,

this study analyzed PLL articles in terms thie trend of annual articles, top journals, countries/regions,
institutions, essential research issues, and &hilutionsto enable an kdepth understanding dfie status and

trends of PLLresearch Findings obtained will enable scholars, educators, policymakers, and practitioners to

better understand the latest PLL research and its developmental iesdemd to furtheratilitate its future
development. Specifically, the following six major research questiensaddressed:

(1) What was the trend of the annual number of PLL research articles?

(2) What were the top journals, countries/regions,iastitutions ranked bifirsch index(H-index)?
(3) What was the scientific emuthorship among major countries/regions and institutions?

(4) What were the major research foci?

(5) How did these research foci evolve?

(6) What were the research concernthefmajor countries/regins and institutions?

2. Dataset andmethods

The data collection and analysis flowchart (see Figure 1) includes data identification, data screening, and data
analysis. The current study uskithliographicdata colleted from Web of Science (WoS) and $ue databases

using a search query as ((FS(personalization OR personalisation OR personalized OR personalised) AND
(language) AND (learn*))) AND (Year of publication 20002019) AND (Article type= journal articley). In

the query, fi B B dhe fitld, abstiact, ©r)keywoedt ef & publication. The above search terms were
decided with reference to previ ouZhangvand Kou (2€20agd. , il an
fiper sonal i zXdetd. €@l8)hyicongidering both personalized learning and language learning. As
indicated (Zhang et al., 2020)it was around 2004 that education systems worldwide were making efforts to
personalize learning. To guarantee a full cover of PLL studies, we initially set the time span as recent two
decades, i.e., from 2000 to 2019. Weed journal articles because they usually undergo a meticulous peer
review process and are generally of high quality.

The following types of information were collected: titles, years of publication, authors andh#ti¢itions, and
abstracts. With 65itially retrieved articles, after excluding 159 duplicated articles, manual screening of the
remaining 491 articles was conducted to ensure data relevance. The specific exclusion criteria for the screening
are preseied in Figure 1. When we decided whet a paper should be included, we started from the first
criterion (i.e., relevant to language learning). If it was not, we excluded it directly without checking other
criteria. In this first stage, a total of 314 eldis were excluded, most of which weabout the learning of
programming languages. Moreover, many were about the use of machine learning methodology or natural
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|l anguage processing (NLP) that <contain Admingbbymealngo anc

learners. Subsequentlyve read the article to check whether it was about personalized learning and included
details concerning the PLL process. Some studies mentioned PLL as future research recommendations, while the
main research per se svaot about personalized learning.this second stage, 40 articles were excluded. After
confirming that the paper was related to PLL, we evaluated whether it was an original research article and
excluded those that were reviews or survey papers. Iistdue, 20 papers were excluded. hastle evaluated

whether the papers were on teacher education and excluded nine papers in this stage. The screening resulted in
108 relevant articles. The citation for each of them was provided by Google Scludar
https://scholar.google.coi/

We then aalyzed the 108 PLL articles regarding the treficarticles, top journals and contributors, scientific
collaborations, and major research topics. Analysis methods included descriptive statistics, bibliometric
indicatas such as thel-index, social networkanalysis, STM, and the Masitendall trend test. The STM was
conducted using software R with title and abstract information as input data.

Articles retrieved via searching in
Web of Science and Scopus
databases (N=650)

Identification

159 duplicated articles were excluded

Articles included for title and
abstract review (N=491)

Screening

383 articles were excluded:
not related to language learning (N=314);
not related to personalized leamimng
(N=40);
survey paper or review paper (N=20);

for teacher education (N=9)

Articles included for data analysis
(N=108)

Included

Analyses of article trend, top
journals, countries/regions,
institutions, and authors

Analyses of scientific collaborations
between top countries/regions,
institutions, and authors

Analyses of major research topics
and their evolutions

Key phrases and terms frequency
analyses, structural topic modeling,
Mann-Kendall trend test, and
knowledge mapping

Descriptive statistical methods,
bibliometric indicators such as
Hirsch index

Social network analysis

Figure 1. Flowchart of data colleain and analyses

3. Results

3.1. Analysis of the tend of articles
Figure 2 shows the annual trend of PLL research. Overall, the annual number experienced an increasing trend

from two in 2001 to 17 in 2019, demonstrating a constant increase in inteRidt researchparticularly since
2007. It is reasmable to anticipate that research enthusiasm in PLL will continue to increase in the future.
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3.2. Top journals, countries/regions, and institutions

The 108 PLL articles were distributed in 77 journdlse top ones ranked by-iddex (see Figure 3ccounted

for 34.26% of the total articles. The top three wé&ducational Technology & SocietyfComputers &
Education andComputer Assisted Language Leaihe first two publish research about the applicanf
technologies in education, and the last one specializes in applying technologies in language education. Among
the listed journals, five are related to technolegyanced language learning (i@mputer Assisted Language
Learning Language Learning Technology Language Learning JournaReCALL andSystejn Meanwhile,

over half of them are educatigalated, indicating a broad interest in PLL among education researchers, rather
than limited to Anguage researchers.
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Figure 3.Top journals
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Therewere 34 countries/regions and 147 institutidfigure 4presents the top 12 countries/regions ranked by
H-index, indicating the important role of researchers in the -Rsigific region. Figure presets the top
institutions ranked by Hhdex.National Ghengchi Universitywas the most influential and prolific. Additionally,
half of the top institutions are from Taiwan, indicating its dominance in PLL research.
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Figure 4.Top countries/regions
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3.3. Analyses of scientific allaborations

= Citation count

The collaborations among the 34 countries/regions and the top 19 prolific institutions were visudigedeis
6 and7. Countries/regions and institutions were indicated using nodbshweitsize indicating the article count.
Each node wa colored based on its continental or national/regional informdtignre 6shows that top
collaborative partnersincluded Belgium and the UK, Spain and the UK, as well as Hong kmagChina.
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Collaborations among Asian and European regions were alse.Efom an institutional perspective, closest
collaboraive partners were also indicated in Figure 7, for example, East China Normal
UniversityandUniversity of Hong kong.

Figure 6.Collaborations among countries/regions
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Figure 7.Collaborations amwng the top 19 prolific institutions

3.4. Results of STM

Figure 8presents the STM results. The two most popular topics Melgle-assisted PLlandAnxiety and
PLL. According to the MamKendall test result®ersonalized grammar learniagdPersonalied
recommendation system for language learhiad received significantly increasing research interest.
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Figure 8.ldentified topics with suggested labels and topapprtions

The topic distributions of the top countries/regions and institutiond listeFigures 4 and 5 are visualized

in Figures 9 and0, from which we could see to which research issues each contributor had devoted. For
example, Hong Kong and Soulorea were interested #nxiety and PLL. Institutions from Taiwan (e.g.,
National Cemal University) devoted much tdobile-assisted PLL. Such analyses can help countries/regions
and institutions identify current and potential scientific strengths altebooators in PLL research.
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Figure 9.Topic distributions of top countries/regions
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Figure 10.Topic distributions of top institutions

3.5. Results of evolution analysis

Figure 11 shows the evolution of the major phrases used in PLL studiesclear presentation, only phrases
appearing in more than three studies were considéigdre 12 shows the emerging phrases in the recent five
years. From a technological perspective, very limited technologies (e.g., personal digital assistant) wete adopt
before 2010.However, due to technological advancement, both the types and appbcatf innovative
technologies (e.g., social media, web 2.0, and computer games) had increased in recent years. For example,
mobile devices have become popular since52@itelligent tutoring systems (ITSs) and digital games appeared
during 20102014 andgained increasing interest since then. There was also a trend in applying LA and Al
techniques (e.g., NLP and support vector machines (SVM). From an educational tperspesearch
enthusiasm about providing personalized feedback increased. Moreovealthation of PLL based ondener
profiles gained increasing attention since the period 2204 Additionally, issues concerning collaboration in

PLL started to@ceive attention in the last few years.
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Figure 11.Evolution of major research issues

Figure 12.Emerging issues in recent five years

4. Discussions

This study presented a comprehensive overview of PLL research using topic modeling and bibdioimietri
overall increase in academic articles implies that PLL is an increasingly digidewith a continuously

expanding research community. PLL research enjoys great popularity among interdisciplinary journals that
bridge education and technology. Ttlese association between PLL and technology use is also demonstrated
by topic and phrasanalyses. Countries/regions and institutions (e.g., Taiwan, the USA, and the UK) with large
numbers of international collaborations showed better performance andiefeslopment, indicating that
international collaboration plays an important role in Pielsearch to embrace the affordances and face the
challenges. Furthermore, the close regional/institutional collaborations are noteworthy, whereas the cross

regional/nstitutional collaborationshould be enhanced. Additionally, institutions with close labbratiors
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