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Abstract: The digital transformation of education has accelerated since all aspects of
teaching and learning activities were transposed into the online environment during
Covid-19. In the context of Chinese as a foreign language (CFL), it may be more
demanding to integrate digital technologies into teaching and learning due to the
language’s unique linguistic features. Using a semi-systematic review methodology,
this review examines key studies conducted and published from 2020 to 2025 to
reveal the current trends of digital technology use in Chinese language teaching and
learning, against the backdrop of digital transformation. After searching six data-
bases (ERIC, JSTOR, Sage Journals, Oxford Academic Journals, Web of Science and
Scopus), 94 empirical studies were selected for data extraction and semi-systematic
analysis. Results show that even though journal articles are usually seen as reporting
on cutting-edge research, in fact established digital technologies that rely on the
internet and computers are most frequently examined. Despite relatively sparse use,
researchers have started to embrace emerging digital technologies and to incorpo-
rate them in CFL teaching and learning. This review also suggests a need for research
focusing on the external environment for digital transformation, such as digital
equity and the ethical implications of AL The research regions, the research methods
adopted in the reviewed studies, and the profiles of their participants are also re-
ported. Overall, our review identifies gaps in the existing literature by mapping the
digital transformation of CFL education and calling for the development of a
coherent ecosystem to support Education 4.0.
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1 Introduction

The rapid advancement and widespread accessibility of generative artificial intel-
ligence (GenAI) have inspired new possibilities for creative and innovative teaching
and learning. Recognizing both the opportunities and challenges, UNESCO (Miao and
Holmes 2023) has urged governments to establish regulations and teacher training to
promote a human-centered approach to Al in education. Furthermore, the European
Commission’s 2022 ‘Ethical Guidelines on the Use of Al and Data in Teaching and
Learning for Educators’ highlights the importance of reflecting on Al use and
empowering educators. Against the backdrop of the popularity of a specific form of
GenAl, ChatGPT, UNESCO released ‘ChatGPT and Artificial Intelligence in Higher
Education: Quick Start Guide’ in 2023 (Sabzalieva and Valentini 2023), providing
general recommendations for teaching and learning. Within this global context, the
digital transformation of Chinese as a foreign language (henceforth CFL) education is
a logical and imperative progression.

However, this digital transformation not only presents challenges for pedagogy,
but also imposes significant technical demands due to the intrinsic complexity of the
writing system. It took decades of research to achieve efficient digital encoding and
inputting over 50,000 non-alphabetic symbols on text processing technology,
including computers and typewriters (Huang 1985). Even today, pedagogical debates
persist regarding the role of handwriting versus typing — a technology no longer
considered to be smart or emerging, and an essential skill this century (Chu et al.
2024; Lyu et al. 2021; Zhang 2021). The study of Chinese has alongstanding tradition of
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rote memorization and was predominantly rooted in handwriting until the advent of
modern and smart technologies (Wang and Li 2023; Zhang and Osborne 2025). Such
tradition has occasionally slowed the adoption of technological innovations, leading
some scholars to characterize Chinese pedagogy as “unmodern” (Moloney 2013).
Furthermore, Chinese is still described as a “Category IV language” by the US State
Department, meaning that it requires a tremendous amount of time for a learner to
reach a level that allows them to function in the language (US Department of State
2025). Unlike high-resource languages such as English, CFL often faces a lack of
tailored digital resources, which complicates its integration into cutting-edge tech-
nological advancements.

Therefore, the combination of longstanding pedagogical conventions and tech-
nological obstacles makes us doubt the readiness and feasibility of Chinese language
education when it comes to incorporating digital technologies, especially emerging
forms such as Al into teaching and learning.

Many attempts to engage with digital technologies in Chinese language teaching
and learning have been reported in previous reviews. In one study of the Chinese
writing system, Li (2023) conducts a systematic literature review of 38 empirical
studies on technology-enhanced character teaching and learning between 2010 and
2021. A wide range of technologies are reported to facilitate the study of Chinese
writing system, including mobile applications (Number of studies = 12), computer-
assisted learning systems (IV = 9), multimedia learning (V = 10), eye-tracking (N = 3),
embodied interaction (N = 2), and augmented reality (N = 2) (Li 2023).

In another systematic literature review, Xu (2024) concentrates on CFL in higher
education. Among 64 publications from 2000 to 2024, mobile-assisted language
learning is the most frequently used, followed by computer-assisted language
learning and learning management systems. Xu’s review also identifies that the
primary interest of the reviewed research is the contributing effect of technology on
CFL learners’ oral and communication performance (Xu 2024).

Lyu and Qi (2020) carry out a systematic review of 33 empirical studies published
between 2008 and 2018, investigating technology-assisted CFL teaching and learning.
Mobile apps are found to be the most commonly used technologies, followed by Web
2.0 technologies such as blogs, wikis, and webpages. Most of the research focuses on
teacher training, including technology-informed curriculum design, followed by
research examining the effects of technologies on specific language skills such as
writing, reading, and speaking (Lyu and Qi 2020).

All three of these literature reviews are situated within the CFL context, focusing
on the use of technology in Chinese language teaching and learning. While they cover
publications spanning either a decade (Li 2023; Lyu and Qi 2020) or two decades (Xu
2024), the number of studies meeting the inclusion criteria remains relatively small,
with just over 30 for a ten-year period and slightly more than 60 across two decades.
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These reviews further indicate that established digital technologies continue to
dominate the literature. Given the limited adoption of augmented reality, it is
important to examine the integration of emerging digital technologies such as Al,
virtual reality, and cloud computing in order to assess whether the digital trans-
formation of CFL education continues to evolve.

The outbreak of the Covid-19 pandemic meant most aspects of learning moved
online, a forced shift that particularly encouraged digital transformation of language
education, including Chinese. Since digital technologies sustained the continuity of
education by enabling students to learn from the comfort of their own homes, the
coronavirus epidemic significantly amplified the role of technology in the education
of billions of students worldwide (Haleem et al. 2022). The digital shift is unstoppable
and irreversible, making it essential to equip the digital future of Chinese language
education with revolutionized language pedagogies.

Therefore, this literature review scrutinizes empirical studies published since
2020, a year when digital technologies were rushed into use due to the pandemic. It
focuses on the application of various technologies in the CFL context, in order to
provide an overview of the ongoing and ubiquitous digital transformation in Chinese
language education for non-native Chinese speakers. The mapping of the post-2020
landscape serves as a synthetic evaluation of the digital readiness of the CFL field,
offering a multi-dimensional view of the technological ecosystem. These insights
provide the empirical grounding necessary to propose future directions for curric-
ulum development.

2 Literature review
2.1 Definition of digital transformation

Great advances in technology in recent years, especially the release of ChatGPT and
other GenAl tools that are user-friendly and widely available to the general public,
have significantly urged digital transformation in almost every aspect of society,
including education. Educational institutions have been undergoing various digital
transformations, catering to the needs of today’s students who have never experi-
enced life without the internet and preparing them for a digital-based labor market
(Bedirovié 2023; Claro and Castro-Grau 2023).

Building upon the Digital Education Action Plan (2021-2027) of the EU (European
Commission 2025b), the Erasmus+ Programme — an EU-wide program supporting the
development of European citizens in education, training, youth, and sport - lists
‘digital transformation’ as one of its four priorities (European Commission 2025a).
In fact, the 2024 Erasmus+ Programme expresses plans to increase the number of
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participants and organizations in order to develop “a high-performing digital edu-
cation ecosystem”. Specifically, the program prioritizes initiatives of “building ca-
pacity and critical understanding on how to exploit the opportunities offered by
digital technologies for teaching and learning in all types of education and training
institutions at all levels and for all sectors, and to develop and implement digital
transformation plans for educational institutions”.

Similarly to the ecosystem concept in ecological science, consisting of living and
non-living elements along with external forces, an education ecosystem also com-
prises biotic and abiotic entities as well as external influencers (Bandyopadhyay
et al. 2021). The biotic entities consist of all stakeholders in education, such as
learners, parents, and institutional and regulatory bodies. The abiotic entities consist
of all available material — school infrastructure, teaching and learning materials,
assessment tools, etc. External influencers generally refer to the social, economic,
political, and socio-psychological contexts that shape and determine the synergy of
biotic and abiotic components. In this view, the readiness for digital transformation
of CFL education requires an evaluation of all three dimensions: biotic actors, abiotic
components, and broader external environment.

The multifaceted nature of digital transformation indeed poses challenges for
defining it. While there have been a number of attempts to capture the main features
of digital transformation, there seems to be no consensus on a uniform definition
(Kraus et al. 2021). While digital transformation and related concepts (e.g., digitali-
zation and digitization) overlap and are used interchangeably (Plekhanov et al. 2022),
it differs from other terms in foregrounding ‘transformation’ to indicate the changes
driven by disruptive digital technologies and the need to take action in order to adapt
to innovations (Kraus et al. 2021). Despite the difficulties in settling on a unified
definition, there seems to be no disagreement on the central role of emerging
technologies in conceptualizing digital transformation.

Adopting an inductive approach borrowed from grounded theory, Vial (2019)
dissects 282 works to identify 28 sources with 23 unique definitions of digital
transformation. After a scrutiny of these definitions using semantic analysis, he
conceptualizes digital transformation as “a process that aims to improve an entity by
triggering significant changes to its properties through combinations of information,
computing, communication, and connectivity technologies” (Vial 2019: 121). This
conceptual definition contributes to determining the scope of the literature review in
Chinese language education.

Interestingly, in his conceptualization, Vial intentionally chooses not to use the
term ‘digital technologies’, which is difficult to define due to its massification. Indeed,
some studies (Becirovi¢ 2023; Clark-Wilson et al. 2020; Haleem et al. 2022) simply
adopt the term without attentively detailing what it actually means.
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2.2 Key features of Education 4.0

The different stages of educational development are defined according to the clas-
sification of industrial revolutions, which foremostly originate in technological in-
novations (Koul and Nayar 2021). Therefore, technological variations are the primary
feature when identifying different phrases of educational transformation (see
Table 1).

Corresponding to these technological changes, teaching approaches — including
the roles of teacher and student — have been evolving (see Table 1). For example, the
teacher-centered model that characterized Education 1.0 has shifted towards a
student-centered approach in Education 3.0. The teacher’s role has also changed
from that of authority on knowledge in Education 1.0 to that of facilitator in
Education 3.0.

The significance of Education 4.0 is the application of evolving digital technol-
ogies which open new possibilities for every aspect of education. Mukul and Biiyt-
kozkan (2023) conceptualize Education 4.0 below (highlights added):

Education 4.0 is an approach that is personalized to create innovative forms of learning using
up-to-date technology that encourages students to access emerging devices at anytime,
anywhere and on any device, and interact with different materials according to their skill and
academic standards. Cloud computing, big data, and learning analytics, which concentrate on
how to collect, interpret, and improve learning data to enhance learning and teaching, promote
the advancement of customized and adaptive learning.

Table 1: Educational transformations according to industrial revolutions.

Industrial Educational developments
revolution

Technological innovations Roles of student  Learning environment
and teacher

1.0 Mechanization, water One-way communication Passive recipient Physical on-site

and steam power between teachers and and knowledge
students authority
2.0 Mass production, as- Web 2.0 technologies, e.g., Participant and Physical inter-
sembly line and blogs and podcasts guide institutional, cross-
electricity border exchange
3.0 Computer and Widespread use of internet  Self-regulated Extended physical envi-
automation networks and personal learner and ronments beyond
computers facilitator educational
surroundings
4.0 Cyber-physical sys- Use of emerging digital Autonomous, crea- Physical and virtual
tems and data-driven technologies, e.g., artificial tive individuals platforms anywhere,
analytics intelligence, virtual reality anytime, on any device

Adapted from Mukul and Buyukézkan 2023.
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The highlighted words reflect the pivotal changes in the new educational ecology.
Customized teaching approaches are needed to cope with personalized learning
styles. Innovative and advanced technologies mean that teaching and learning are
integrated, distributed and extended in our daily life, which allows learning to
happen timelessly and surpass spatial constraints. Innovation as a feature goes
beyond being an attribute of the technologies involved; it characterizes the auton-
omy and creativity of individuals in the learning process.

Based on the educational development summarized in Table 1, the current
digital transformation is from Education 3.0 to 4.0. In particular, the emphasis has
expanded beyond the distinctive roles of teacher and learner to a more balanced
recognition of the roles of teacher, student, and learning environment. These ren-
ovations indicate a transformation of the broader educational ecosystem, from a sole
focus on biotic agents to increased attention to abiotic entities and external contexts.
This study will therefore examine the literature to determine whether such shifts are
reflected in recent research.

2.3 Digital technologies

Despite the commonality in operating and communicating information in digital
format, Claro and Castro-Grau (2023) maintain that the diverse applications, roles,
and characteristics of digital technologies usually lead to a wide range of usages,
posing challenges to a comprehensive conceptualization of digital technologies. In
fact, Vial (2019) deliberately discards the use of ‘digital technologies’ in the definition
of digital transformation to minimize any ambiguity associated with the means of the
transformation.

However, for the purpose of this review, we need to pinpoint the digital tech-
nologies investigated in the literature. In particular, identification of the digital
technologies involved in CFL research would tell us whether combinations of various
technologies have occurred, a key feature of digital transformation according to
Vial’s (2019) definition.

Pinto and Leite (2020: 345) propose the following ten categories in Table 2 to
classify digital technologies that support learning in higher education.

Pinto and Leite (2020) underscore that digital tools are not mutually exclusive.
Instead, it is common for students and teachers to have an integral use of different
tools to support learning and teaching. However, this taxonomy focuses on the tool,
platform, or system which a particular technology is based on, rather than the
functions that the technology enables. Consequently, there might be overlap between
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Table 2: Taxonomy of digital technologies by Pinto and Leite (2020).

Digital technologies Examples

Learning management systems Blackboard, Moodle, WebCT, platforms supporting online courses,

(LMS) etc.

Publish and share tools Blogs, wikis, Flickr, YouTube, podcasts, social bookmarking,
e-portfolio, digital storytelling, e-books, video lectures, etc.

Collaborative systems Google Docs, social bookmarking, mind maps, wikis, blogs, etc.

Social networking Facebook, Twitter, Hi5, LinkedIn, Ning, Academia.edu, etc.

Interpersonal communication tools Email, MSN, Skype, forums, videoconferencing, etc.

Content aggregation tools RSS feeds, NetVibes, Google Reader, etc.

3D virtual worlds Second Life, Habbo, augmented reality, games, virtual labs, etc.

Assessment and feedback systems  Electronic marking, clickers, audio feedback, computer note-taking,
etc.

Mobile tools Internet-based mobile applications

Information and communication Internet-based software or applications

technologies (ICT)

categories. For instance, UNESCO (2009: 120) states that the technological tools and
resources for ICT “include computers, the Internet (websites, blogs and emails), live
broadcasting technologies (radio, television and webcasting), recorded broadcasting
technologies (podcasting, audio and video players and storage devices) and tele-
phony (fixed or mobile, satellite, visio/video-conferencing, etc.)”. In other words,
mobile applications are inherently a form of ICT, while social networking is usually
presented as a kind of mobile application which affords interpersonal communica-
tion, publishing, and sharing information.

Rather than providing a clear-cut taxonomy, this categorization of digital tech-
nologies attempts to be as inclusive as possible in listing widely used tools and
platforms that facilitate teaching and learning. As the taxonomy is based on a
literature review of studies indexed in the SCOPUS database between 2012 and 2017
(Pinto and Leite 2020), it does not capture the emerging technologies associated with
the digital transformation towards Education 4.0, particularly in the context of rapid
and ongoing technological advancement.

Mukul and Buiyiikézkan (2023) summarize cutting-edge digital technologies in
Table 3 that are transforming education by offering intelligent and data-driven
approaches.

These digital technologies outlined in Table 3 demonstrate an amalgamation of
information, computing, communication, and connectivity technologies, which
aligns with the conceptualization of digital transformation as suggested by Vial
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Table 3: Taxonomy of digital technologies by Mukul and Biiyiikdzkan (2023).

Emerging Brief explanation
technologies

Internet of Things IoT connects physical objects, such as sensors and wearable devices, to collect

(IoT) data and facilitate the physical-virtual integration. In education, IoT enables
smart campuses by embedding sensors in spaces like classrooms and libraries,
tracking student engagement and allowing wearables to deliver personalized

content.

Artificial intelligence Al computer systems simulate human cognitive abilities, such as reasoning,

(AI) problem-solving, and learning, to perform tasks intelligently. In education, Al
enables personalized learning by adapting content and supporting individual
needs.

Virtual reality (VR) VR creates computer-generated environments that simulate a virtual world,

allowing users to interact with it in real time. Using specialized equipment and
computer technology, it creates a simulated educational environment, empha-
sizing real-time interaction and offering a closed-loop, immersive virtual

experience.
Augmented reality AR leverages computer graphics and visualization technologies to generate vir-
(AR) tual objects that do not exist in the physical world, seamlessly integrating them

into real educational settings. This creates a blended environment in which users
simultaneously interact with both real and virtual elements.

Cloud computing A technology that enables on-demand access to a shared pool of computing
resources (e.g., networks, servers, storage, applications, and services) via the
internet. In education, cloud-based applications shift the responsibilities of
infrastructure setup, maintenance, and management from institutions to cloud
service providers. They support flexible and scalable learning environments
tailored to individual needs by facilitating the storage and retrieval of learning
materials anytime and anywhere.

Machine learning A set of algorithms mimic human intelligence by applying data-driven models to
solve problems. In education, it enables data mining, intelligent teaching systems
and automated feedback for teachers and students, supporting adaptable and
individualized learning environments.

Robotics Educational robotics entails the use of programmable robotic devices to enhance
learning experiences and develop students’ problem-solving abilities, attitudes,
and enthusiasm, especially within STEM areas. Social robots can support students
with special educational needs, such as those with Down syndrome, by making
learning more accessible and interactive.

Big Data In education, Big Data involves large, quickly generated and highly varied in-
formation resources that require innovative, cost-effective processing to gather
insights, guide decisions, and automate tasks. By analyzing individual data,
further performance can be predicted and learning can be tailored, improving the
effectiveness of individualized learning.

Smart sensors Smart sensors collect environmental, physical, or operational data with a broader
and more sophisticated range of inputs compared to traditional detection sys-
tems, which typically only monitor basic environmental changes such as tem-
perature shifts, movement, or smoke. Their versatility makes them invaluable to
educational institutions, as they help administration teams protect the health,
safety and overall well-being of everyone on campus.
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Table 3: (continued)

Emerging Brief explanation
technologies

Cyber-physical Cyber-physical systems integrate physical devices and systems with embedded

systems processing and storage capabilities; all interconnected via global internet net-
works to allow real-time interaction between the physical and digital worlds. In
education, they facilitate the creation of smart, connected learning environments
where digital data and physical systems work together smoothly. This integration
supports activities such as distance education and intelligent laboratories.

3D virtual worlds 3D virtual worlds are networked, desktop-based virtual reality spaces where users
can navigate and interact within three-dimensional simulated environments.
Aligning with constructivist learning, they can offer immersive experiences
relatively cheaply and consequently serve as valuable tools for distance education
and foreign language acquisition.

3D mapping 3D mapping technology uses machine vision to capture and represent the pro-
files of three-dimensional objects in the real world, offering cutting-edge
methods for visualization and information collection. In education, it is used in
geography lessons to help children better understand spatial concepts and in-
crease map-reading skills through immersive visualization.

(2019). This also aligns with the technologies mentioned in the conceptualization of
Education 4.0, including “cloud computing, big data, and learning analytics” (Mukul
and Biiytikozkan 2023).

Due to the nature of the synthesis, the boundaries between each type of digital
technology are porous. For example, in addition to the obvious overlap between 3D
virtual worlds and virtual reality, Al can provide cloud-based services, while a form
of Al (e.g., ChatGPT) is a subset of machine learning models.

Furthermore, there might be overlap between two categories in Table 2 and
Table 3. For example, an eye-tracker can be classified as an assessment and feedback
system, while it also has a specialized smart sensor system that records eye move-
ments and fixation patterns; Al can be used as an automated assessment and feed-
back tool. The main difference is that those in Table 3 demonstrate a high level of
integration of multiple systems and data interactions. They usually leverage
advanced data processing and intelligent interconnected systems to create more
individualized, adaptive, or immersive learning experiences.

In order to provide a full picture of the digital technologies investigated in the
publications reviewed in this study, the technologies summarized in both studies
(Mukul and Buytikézkan 2023; Pinto and Leite 2020) will be used in the data analysis.
Table 4 is the digital technology classification applied in the literature review.
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Table 4: Digital technology classification in the current study.

Established digital technologies Learning management systems (LMS)
Publish and share tools
Collaborative systems
Social networking
Interpersonal communication tools
Content aggregation tools
Assessment and feedback systems
Mobile tools
Information and communication technologies (ICT)
Emerging digital technologies Internet of Things (IoT)
Artificial intelligence (AI)
Augmented reality (AR)
Cloud computing
Machine learning
Robotics
Big Data
Smart sensors
Cyber-physical systems
3D virtual worlds or virtual reality (VR)
3D mapping

2.4 Research questions

At the dawn of Education 4.0, it remains unknown whether and to what extent
Chinese language education, especially for non-native Chinese speakers, is ready for
the imminent digital transformation. Therefore, this study aims to provide an
overview of the current research focus in Chinese language learning and teaching in
relation to digital transformation. In order to answer this overarching research
question (henceforth RQ), this semi-systematic literature review further focuses on
two fine-grained research questions, RQ1 and RQ2, to gain an in-depth understanding
of the use of digital technologies in Chinese learning and teaching:

RQ: What are the up-to-date research developments in CFL learning and teaching in
the face of digital transformation?

RQ1: What technologies has CFL research been devoting attention to in the face of
digital transformation?

RQ2: What elements (i.e., biotic and abiotic entities, and external factors) does CFL
research usually focus on?
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It is hoped that the answers to these research questions will produce insights
into the future direction for the transformation of Chinese language teaching and
learning into Education 4.0.

Theliterature search was set to research published outside of mainland China, in
order to provide granular analysis of recent digital developments in Chinese lan-
guage education for non-native Chinese speakers. This indeed restricts the analysis
of a comprehensive literature review of Chinese language education, which this
study recognizes as a limitation.

3 Research method
3.1 Literature search

Various terms have been used to refer to review work, including meta-analysis and

systematic review (Gough et al. 2017). While meta-analysis can be a form of sys-

tematic review, it also refers to “the statistical meta-analysis of data from primary

research studies” (Gough et al. 2017: 10). Macaro et al. (2012: 3) suggests that the

following are five features of a systematic review:

1. Itistransparent in its procedures, from conception to final conclusions; an initial
protocol specifies how the review is to be conducted.

2. It includes studies based on exhaustive and reliable searching.

3. It aims to reduce reviewer bias as much as possible.

4. Ttattempts to produce syntheses containing clear messages about the reliability of
the evidence reviewed.

5. It attempts to ensure that the research is relevant and accessible to end users.

Guided by these features, six databases — ERIC, JSTOR, Sage Journals, Oxford Aca-
demic Journals, Web of Science, and SCOPUS — were used to retrieve the raw liter-
ature search records. The following inclusion/exclusion criteria were applied in
identifying outputs from databases. All publications retrieved from the databases
were filtered according to these criteria.

First, the search was limited to English-language journal publications. Because of
the widespread use and dominant status of English in academic publishing, journals
published in English can reach a broad international readership.

Second, we decided to restrict this review to articles published since 2020. Ple-
khanov et al. (2023: 825) point out that “digital transformation was not an important
academic term until about 2017”. As discussed earlier, Covid-19 broke out in 2020, a
game-changing factor that at the very least significantly raised awareness of digital
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transformation among all stakeholders in education. Therefore, the year 2020 was
adopted as a delineation threshold for the review to observe the transformative trend.
Third, only empirical research published in peer-reviewed journals has been
included in the data retrieved from databases. In other words, theoretical papers,
reviews and policy reports have been excluded. As the RQs guiding our review
concentrate on the application of digital technologies in Chinese language teaching
and learning, the applied nature justifies our focus on evidence-based research.
Given these parameters, this review is not an exhaustive survey of all available
databases. Following the methodology exemplified by Rose et al. (2018), this review
adopts a semi-systematic approach, acknowledging that while it provides a robust
overview, it does not encompass the entirety of the global database landscape.

3.2 Search strings

Search strings were determined in order to identify publications specifically
addressing the research questions. Since the core of the review is Chinese language
education for non-native speakers, the keywords for literature included CFL (Chi-
nese as a foreign language), CSL (Chinese as a second language), and L2 Chinese. The
search was done with the Boolean conjunction: [‘L2 Chinese’ OR ‘CFL’ OR ‘CSL’ OR
‘Chinese as a second language’ OR ‘Chinese as a foreign language’] AND [‘information
technology’ OR ‘computing technology’ OR ‘communication technology’ OR ‘con-
nectivity technology’l.

The first part of the search strings recognized the context of the literature, while
the second part was extracted from Vial’s (2019) conceptualization of digital trans-
formation, as stated earlier. This means the semi-systematic review emphasizes the
use of the following four digital technologies in CFL learning and teaching: infor-
mation, computing, communication, and connectivity technologies. The search pa-
rameters we employed for literature search were thus all possible combinations
generated from these keywords.

There were sizable outputs after searching these eight pairs of keywords in six
databases, totaling 9,523 publications. However, a large number of them were in the
subject area of computer sciences or EFL (English as a foreign language) involving
Chinese participants, which are both outside the scope of the study. The outputs were
manually screened by reading the abstracts in order to identify articles specifically
addressing the RQs, bringing the total number down to 308 (see Figure 1). Since some
outputs may be included in multiple databases, the second round of screening
focused on ruling out any duplicates. After identifying duplicates via the title of each
publication in MS Excel, there remained a total of 113 outputs related to our research
theme (see Figure 1).
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Figure 1: Literature screening and selection process.

Once the outputs had been narrowed down to a manageable size (N = 113), they
were scrutinized further to exclude irrelevant studies that were not identified in the
abstract or title. This round of full-paper screening was manually conducted using
the following coding framework:

Item Coding

no.
Identification information

1 Year of publication

2 Authors

3 Title of publication
Research information

4 Educational level

5 Language proficiency

6 Research region

7 Research methods

8 Technologies involved
Research focus

9 The biotic entities, e.g., learners, parents, institutional and regulatory bodies

10 The abiotic entities, e.g., school infrastructure, teaching and learning materials, and assess-

ment tools
1 The external influencers, e.g., the social, economic, political, and socio-psychological contexts
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Apart from the identification information (Items 1, 2, and 3), which helped us to locate
a particular output when needed, the purpose of the remaining coding was to extract
information to address the main RQ of this literature review. Specifically, Item 8
would provide details to answer RQ1 (What technologies has CFL research been
devoting attention to in the face of digital transformation?); Items 9, 10 and 11 would
offer insights into RQ2 (What elements does CFL research usually focus on?).
Research information (Items 4, 5, 6 and 7) would provide supplementary details to
gain an overall picture of the RQ (What are the up-to-date research developments in
CFL learning and teaching in the face of digital transformation?).

After manual scrutiny of the full text of the publications using the framework
above, another 19 publications were excluded. Apart from duplicates (N = 2) and a PhD
thesis (N = 1)," others were excluded on account of (i) participant profiles — studies of
EFL learners of Chinese origins (N = 4), native Chinese speakers (N = 1), multilingual
identity of native English-speaking teachers (N = 2), and Chinese-English bilingual
children living in China (N = 1) — or (ii) focus of the research — studies relating to policy
or aliterature review (N = 3), with no involvement of technology (N = 3), and no relation
to Chinese language education (V= 1). There was also a study published in 2019 (N =1),
which did not fall into the selection criteria of publications between 2020 and 2024.
Therefore, 94 publications remained eligible for this semi-systematic review.

4 Results

The primary aim of this literature review is to identify the present research devel-
opment of CFL teaching and learning against the digital transformation to Education
4.0. An overview of the literature will first be offered. We will then present the digital
technologies for which there has been empirical research and experimentation in
Chinese language education, followed by the biotic and abiotic entities and external
factors highlighted in the reviewed studies.

4.1 Overview of the reviewed studies

Using R version 4.4.1 (R Core Team 2024) with the wordcloud package (Fellows 2018),
Figure 2 shows the word cloud of the top 100 most frequently occurring words

1 The PhD thesis was excluded on the grounds that it exceeds 80,000 words, thereby offering a level
of detail far greater than that of a peer-reviewed journal article, typically approximately 8,000 words.
Whereas theses allow for the inclusion of a broader range of foci (e.g., biotic and abiotic entities or
external factors), journal articles are necessarily more limited in scope. Inclusion of the thesis would
have introduced disproportionate weight into the dataset and was therefore deemed inappropriate.
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Figure 2: Top 100 most frequently occurring words.

identified from these 94 publications.* ‘Learning’ (frequency = 2,964), language’
(frequency = 2,450), and ‘Chinese’ (frequency = 1,497) are the top three most
frequently found words in these articles, while ‘technology’ ranks 14th (fre-
quency = 629) and ‘digital’ ranks 18th (frequency = 583), which to some extent con-
firms that they are within the scope of the study. The word frequencies are listed in
Appendix 1.

2 When compiling a frequency list of the top 100 most frequently occurring words, the following
lexical items were excluded: the, and, of; to, also, a, however, zhang, wang, i, journal, doi, doi.org, e.g.,
https, al. Among these, there are articles (e.g., the) and commonly seen conjunctions (e.g., and,
however, etc.), common Chinese surnames (‘wang’, ‘zhang’, I"), scholarly abbreviation (‘al’ for ‘et al.’,
‘e.g.)), digital identifier for scholarly content (‘doi’). In addition, the punctuation, dash (), was also
excluded.
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Interestingly, two communication and interaction technologies stand out among
the top 100 words: Skype (ranked 70th with a frequency of 276) and WeChat (ranked
89th with a frequency of 230). Skype is an interpersonal communication tool ac-
cording to the taxonomy of Pinto and Leite (2020), whereas WeChat is a multipurpose
smartphone application that integrates “services such as messaging, socialization,
and mobile payment” (Montag et al. 2018). Google, a technology company best known
for its search engine, is ranked 98th with a frequency of 215. Its relatively high
ranking is likely related to the use of its cloud computing (e.g., Google Docs for writing
tasks and Google Form for surveying) in studies such as Neubauer (2021), Zhang and
Liu (2023), and Zhao et al. (2024).

This review focuses on empirical research published after the outbhreak of Covid-
19 in 2020. Figure 3 illustrates the distribution of studies by year of publication.
Overall, there is a clear upward trend in the number of studies examining the use of
digital technologies in a CFL context, increasing from 10 publications in 2020 to 25 in
2024. The number of studies in 2025 is comparatively low (N = 4), which can be
attributed to the fact that data collection for this review concluded in early 2025,
capturing only a partial year of publications.

Figure 4 shows that a significant majority of the reviewed studies, 84.7 % (N = 83)
of the 94 publications, focus on CFL learners at the tertiary level. In contrast, only a
small number of studies examine learners at the primary (4.1 %, N =4) and secondary

Number of Studies by Year of Publication

25

20

25 (26.6%
20 (21.3%
18 (19.1%
17 (18.1%

15

0
10 10 (10.6%
5 4‘4.3%]

0

Number of Studies

2020 2022 2024
Year

Figure 3: Annual distribution of reviewed studies published since 2020.
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83 from multiple educational levels

84.69% and therefore are counted more
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(3.1%, N = 3) levels. This disproportionate focus highlights a notable gap in the
current research landscape, suggesting that younger learners remain under-
represented in empirical investigations on the use of digital technologies in CFL
education.

In terms of language proficiency (see Figure 5), the literature appears to address
various groups of participants in a relatively balanced way. Specifically, 29 % of the
studies (V = 32) focus on CFL learners at intermediate level, followed by those tar-
geting beginners (22.32 %, N = 25), and advanced learners (22 %, N = 24). An additional
14.29 % of studies (N = 16) include participants with mixed language proficiencies,
while 13.39 % (IV = 15) do not report any information on language proficiency.

Figure 6 shows that the most studies were conducted in mainland China (N = 36),
followed by the United States (V = 27). Since the research region was determined by
where empirical data were collected, studies conducted in a particular country might
include participants from elsewhere. It is common for CFL research to involve
university students in China, since many CFL learners are international students.
While relatively few studies were carried out in other countries or regions (see
Appendix 2), interest in exploring digital technologies in the CFL context is
expanding globally. A small number of multinational studies (N = 4; see Appendix 2)
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Figure 5: Distribution of studies by CFL learner language proficiency level. Note: 1. Different terms are
used to describe language proficiency, e.g., novice or elementary for beginners; HSK, CEFR, or ACTFL

may be used, etc. Studies were generally grouped into the levels used here after being read in depth. 2.
Some studies involve two groups of participants, such as those at beginner and intermediate levels, or at
intermediate and advanced levels. These studies are included in both categories. Any studies involving
participants with three or more different proficiency levels are put in the ‘mixed level’ category.
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Figure 6: Geographic distribution of research. Note: Marker size reflects the number of studies carried
out in that location. Studies carried out across two or more regions (i.e., ‘multinational research’) or
where the region information is unspecified are not shown on this map.
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Figure 7: Research methods used in reviewed CFL studies.

reflect synergistic collaborations aimed at examining the use of digital technologies
in Chinese language education.

Among the 94 reviewed studies, quantitative-oriented methods emerge as the
most prevalent approach, accounting for 53.19 % (N = 50) of the total (see Figure 7).
These studies typically involve methods such as questionnaires, experiments, or
standardized tests to investigate the perceptions, effectiveness, and usage patterns of
digital technologies in CFL contexts. In comparison, a smaller proportion of studies
adopt qualitative-oriented methods (19.15 %, N = 18), such as interviews, classroom
observations, or content analysis, to gain an in-depth understanding of learners’
experiences. A further 27.66 % (N = 26) employ mixed-methods approaches, inte-
grating both quantitative and qualitative data to provide a comprehensive
perspective on digital technology use in Chinese language education.

4.2 Technologies involved

Manual checks were carried out to identify the digital technologies involved in each
empirical study. Using the categories listed in Figure 8, the following provides a
summary of how frequently various digital technologies investigated in the research
are reviewed in the study.

As mentioned earlier, a key feature of digital transformation is the combination
of information, computing, communication, and connectivity technologies (Vial
2019). The synergy of various technologies can make it difficult to find a clear division
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Information and communication technologies (ICT) [77]
Assessment and feedback systems [49]
Mobile tools [23]
Established digital Interpersonal communication tools [22]

technologies < Social networking [12]

[208] Collaborative systems [9]

Learning management systems (LMS) [8]
Publish and share tools [8]
Content aggregation tools [0]

Cloud computing [25]

Smart sensors [18]

Artificial intelligence (AI) [11]

Machine learning [7]
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Figure 8: Distribution of research according to different digital technologies.

between them. In these circumstances, a digital tool investigated in a particular study
may encompass two or more technology categories. For example, information and
communication technology (ICT) appears most frequently (N = 77) because it is
integral to most digital tools, regardless of where it is used for interpersonal
communication (N = 22) or for assessment and feedback (V = 49). Assessment and
feedback systems (N = 49) can be delivered as internet-based mobile tools (N = 23),
which might be integrated into cloud-based (cloud computing, N = 25) 3D virtual
worlds (N = 5).

A salient trend of Figure 8 is the frequent use of established digital technologies
(N = 208). Because of the novelty of emerging technologies, it is understandable that
they do not yet frequently feature in CFL pedagogies (N = 70). It will take time and
effort to explore the potential of these technologies to enable new modes of CFL
teaching and learning.

Five digital technologies are not investigated in any of the 94 reviewed CFL studies:
Content aggregation tools, Internet of Things, robotics, cyber-physical systems, and 3D
mapping. The absence of robotics and 3D mapping may be attributed to their stronger
association with STEM and geography education respectively. However, the remaining
technologies still have potential to support CFL teaching and learning.
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Although smart sensors (N = 18) are relatively well represented, they are pri-
marily used as research instruments (e.g., sensors for tracking eye movement) rather
than as tools for collecting diverse real-time data to enable smart educational en-
vironments. Among emerging technologies, cloud computing (N = 25) appears most
frequently, likely due to its foundational role in enabling other digital tools (e.g.,
Zoom, Moodle, and Google Docs) through cloud-based services.

4.3 Focus on biotic actors, abiotic entities or external
influencers

This section presents the elements (i.e., biotic actors, abiotic entities, and external
factors) that CFL research focuses on, which may provide insights into the current
state of the Chinese language education ecosystem and inform its digital trans-
formation into Education 4.0. Figure 9 illustrates the distribution of studies focusing
on these elements, with the dark grey bars indicating research that explicitly or
implicitly examines biotic actors, abiotic entities, or external influencers.

A substantial portion of the reviewed studies concentrate on biotic actors
(N=90), such as CFLlearners and teachers. Some of these directly explore the ways in
which individuals engage with digital technologies, or the changes in their academic
performance or professional practice aided by technology. Others take a more in-
direct approach by investigating users’ attitudes towards technology or their will-
ingness to adopt and integrate it into their learning or teaching practices.

In contrast, significantly fewer studies focus on abiotic actors (N = 31), such as
school infrastructure, teaching and learning materials, or technological tools. In

Biotic Actors, Abiotic Entities and Externallnfluencers
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Figure 9: Frequency of research addressing biotic actors, abiotic entities and external influencers.
Note: Some studies address multiple elements and therefore are counted more than once.
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particular, research addressing external influencers, such as the social, economic,
political, or socio-psychological contexts, is relatively scarce (N = 5), despite their
potential role in shaping the dynamic interplay between biotic and abiotic elements
within the educational ecosystem.

5 Discussion

This section is guided by the research questions. It begins by discussing overall
research developments in CFL learning and teaching amid digital transformation,
drawing attention to broad trends and limitations in the existing literature. It then
addresses the two sub-questions, with a particular focus on implications for future
research directions for the integration of digital technologies in CFL education.

Over the past five years, there has been a steady increase in scholarly literature
examining the use of digital technologies in CFL learning and teaching. Two signif-
icant growths in the number of studies can be observed, one in 2021 and the other in
2024 (see Figure 3). A plausible reason for the 2021 increase is the Covid-19 outbreak
in 2020, which seems to have been an important factor for both the massive prolif-
eration in academic publishing (Harper et al. 2020) and the acceleration of the digital
transformation in education across the disciplines, as discussed earlier. As a
consequence, increasing research attention might have been devoted to this topic,
which could be reflected in the increase in research the following year.

Regarding the 2023 increase, a possible explanation is the release of ChatGPT in
November 2022 by the US company OpenAl, which sparked debate on its application
in education (Sullivan et al. 2023). Exemplified by ChatGPT, the emerging technolo-
gies have since been a heated topic in public discussion, including their potential for
innovative pedagogical design. More research is therefore likely to have been pub-
lished on the use of technology in CFL education.

This body of literature engages with a relatively balanced range of participant
groups, from beginners to advanced learners. While many studies have been con-
ducted in mainland China and the US, a substantial proportion of the research has
been carried out in other parts of the world. This reflects a growing awareness of
digital tools and their applications within Chinese language pedagogy across the world.

In contrast to earlier studies by Chan et al. (2022) and Ke (2020), which positioned
the US as the most prolific contributor to general CFL and reading-focused research,
our findings suggest a more decentralized global distribution. After reviewing 1,358
articles published in Chinese in mainland China and another 175 published in English
outside China, Gong et al. (2018) call for a synergized effort from researchers in and
outside mainland China to promote CFL teaching and learning across the world, as
well as to encourage cross-border research collaborations. While the current review
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does the same as Chan et al. (2022) and Ke (2020) by only including English language
publications, the relatively high number of studies from mainland China in our
review — albeit published in English for an international audience - suggests a
response to the call of Gong et al. (2018). Another possible explanation for the pro-
liferation of research in mainland China is that “Asia is often the forerunner in
blending technology and higher education to promote its national competitiveness
and global soft power” (Wong et al. 2025: 2). In a bibliometric analysis of technology
integration into CFL in higher education, Xu (2024) also identifies that China pro-
duces the most publications, followed by the US.

This review shows that most research entails CFL learners at tertiary level, with
comparatively little attention given to learners at primary or secondary levels. The
accessibility of university students, coupled with researchers’ positions within higher
education, may partly explain their frequent use as research participants. According to
a review of empirical studies published in mainland China (Gong et al. 2020), the main
body of CFL research is also predominantly produced in response to the needs and
interests of the places in which researchers are based — namely, tertiary
settings — whereby “almost no research concerned primary or secondary schools”
(ibid.: 49).

This convenience may potentially introduce a bias. As Chan et al. (2022) point out,
the predominance of university adult learners imposes questions about the sample
being representative of the wider population, which can limit the generalizability of
findings. Adopting the term from behavioral science (Henrich et al. 2010), Andringa
and Godfroid (2019) and Chan et al. (2022) raise concerns about an over-reliance on
‘WEIRD’ samples, meaning participants from “Western, Educated, Industrialised,
Rich, and Democratic societies” (Henrich et al. 2010: 61).

Expanding the research scope to include earlier educational stages could offer
valuable insights into age-appropriate digital pedagogies and support more coherent
language learning pathways. While the population sample has remained more or less
the same as previously documented, the participant population in the present review
is no longer dominated by the novice level, as found in Ke’s review (2020). Research
has involved participants across different levels of language proficiency.

Another notable finding is the predominance of quantitative-oriented methods,
in line with findings in previous review work (Chan et al. 2022; Gong et al. 2020; Ke
2020). While qualitative research is under-represented in the CFL context, recent
analyses of SLA (second language acquisition) or applied linguistics research (Gass
et al. 2021; Khany and Tazik 2019) find that since early 2000 the dominance of
quantitative methods has given way to a relative balance between quantitative and
qualitative methods. Future studies could incorporate qualitative or mixed-method
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approaches to investigate research “questions of how and why” (Chan et al. 2022: 17),
to provide richer contextual understanding and triangulate findings for greater
validity.

Specific to RQ1, established digital tools are investigated more frequently in the
reviewed literature than emerging digital technologies, in line with previous find-
ings. In a review of 2004-2016 publications (Gong et al. 2018), ICT as a common
established digital technology had already drawn the attention of CFL researchers.
Mobile tools are another type of established digital technology often used in CFL
teaching and learning since 2000 (Li 2023; Lyu and Qi 2020; Xu 2024).

While CFL research predominantly engages with established technologies,
emerging technologies, Al in particular, are found to be used more frequently than
documented in previous reviews (Gong et al. 2018; Li 2023; Lyu and Qi 2020; Xu 2024).
It remains unclear whether the adoption of emerging digital technologies reflects a
deliberate choice or is simply due to their wide accessibility and versatility. The
former would indicate a proactive approach to the integration of new tools into
research, whereas the latter might suggest a more incidental adoption whereby
emerging technologies are incorporated subconsciously yet still offer cutting-edge
outcomes that can inform our teaching and learning.

The key focus of the reviewed studies is biotic entities, especially topics con-
cerning CFL learners and teachers, which also confirms previous findings. In their
review of CFL research in general, Chan et al. (2022) identify that the most popular
focus of CFL research is the acquisition of the Chinese writing system, followed by
motivational aspects of CFL learning. Lyu and Qi (2020) also highlight in their review
of technology use in CFL education that teacher training comes first among all topics
studied in the literature. In a review of technology integration into CFL at tertiary
level, Xu (2024) suggests that technology acceptance and technology-supported
collaborative learning have attracted the most research attention.

Although the body of literature engages with digital technologies, the focus on
biotic actors indicates researchers’ awareness of the human-centered approach to
technology interaction. Especially in the context of the rise of GenAl, it is crucial for
learners to develop “human skills” such as critical thinking, emotional intelligence,
and complex problem-solving that “Al currently cannot replicate” (Wong et al. 2025:
3). It is therefore worthwhile for future research to continue to dedicate attention to
the advancement of these skills through digital technologies.

Technology use in Chinese language education is considered primarily
technology-driven (Wang and Li 2023), meaning that its integration in teaching and
learning is shaped more by “what the technology can do than by a concern with what
it should do” (Kubler 2018: 106). While the overall number of studies in this area
remains limited, a relatively substantial proportion focuses on abiotic components,
reflecting recognition of the importance of educational materials and institutional
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resources in supporting technology use in CFL teaching and learning. These studies
suggest that, rather than being solely led by the technology, researchers are
increasingly attentive to other facilitating factors that can work alongside technology
to achieve pedagogical goals.

The scarcity of research focused on external factors sheds light on the future
research direction. As Wong et al. (2025: 3) highlight, emerging technologies like
GenAl project a range of opportunities and challenges “as economies step into a
future intimately intertwined with these technologies”. Economic factors play a role
at both macro (e.g., nation or institution) and micro levels. The degree of technology
integration into CFL education is likely to be higher in developed regions than in
developing ones, and individuals from the WEIRD population (Western, Educated,
Industrialised, Rich, and Democratic; Henrich et al. 2010) are probably more readily
exposed to emerging technologies than their counterparts elsewhere. In fact, the
United Nations (UNESCO 2020) presents that the digital divide — the gap between
under-connected and highly digitalized countries — worsened due to Covid-19: nearly
830 million learners globally do not have access to a computer and more than 40 %
have no internet access at home.

In addition, social factors, particularly ethical considerations related to Al use
(Trotta et al. 2023), also raise significant concerns that remain insufficiently
addressed. Issues of digital equity and ethical use of Al are pressing challenges that
demand closer scholarly attention in order to narrow the digital divide and enhance
understanding of the ethical implications.

6 Conclusions

This semi-systematic review shows the development trajectories of the digital
transformation of CFL education since 2020. Through analyzing the digital technol-
ogies used and the research focuses in the literature, the paper presents the following
findings.

First, CFL teaching and learning has predominantly relied on established digital
technologies. However, in comparison with previous reviews, the study identifies a
trend of placing more emphasis on emerging technologies in recent years. Although
most studies are situated in the context of Education 3.0, research has explored
technologies to adapt CFL teaching and learning into Education 4.0.

Second, the majority of research demonstrates an orientation to human-
centered technology, examining technology’s capacity to support Chinese lan-
guage pedagogy and acquisition. The dearth of research into external factors for
technology application suggests avenues for future research practice. While we
observe evidence of the digital transformation of CFL education from 3.0 to 4.0,
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focus should also be placed on the external environment, to foster an ecosystem
for CFL Education 4.0.

Third, the continued dominant use of quantitative research methods and the
strong focus on university CFL learners highlight a lack of diversification in research
approaches and a heterogeneity in participant population. However, research pro-
ductivity is no longer concentrated in the US. Even though this review is limited to
English-language publications, studies were identified from across the globe. We call
for future research to expand the methodological and demographic orientations
when examining technology use in CFL or CFL teaching and learning in general.

The primary limitation of this review is its exclusive focus on English-language
publications, thereby omitting a significant corpus of relevant scholarship published
in other languages, most notably Chinese. Given that a substantial portion of CFL
research originates within Mainland China and is disseminated through Chinese-
language journals, particularly those indexed in databases such as CNKI (China
National Knowledge Infrastructure), the omission of Chinese scholarship may result
in a fragmented or geographically biased representation of the field. Addressing this
gap is a critical priority for future research. Comparative analyses between Chinese-
domestic and international scholarship are essential. Such endeavors would not only
advance a more holistic mapping of CFL research trajectories, but also offer nuanced
insights into the pedagogical needs of diverse CFL learners, both within and outside
immersive Chinese environments.

Appendix 1: Word frequencies

Ranking Word Freq
1 Learning 2,964
2 Language 2,450
3 Chinese 1,497
4 Students 1,351
5 Research 1,156
6 Learners 987
7 Education 951
8 Use 893
9 Study 822
10 Writing 812
1" Task 806
12 Online 776
13 Teaching 707
14 Technology 629
15 English 626

—_
=)}

Tasks 612
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(continued)

Ranking Word Freq
17 Can 611
18 Digital 583
19 Translation 574
20 Pair 565
21 Group 557
22 Time 553
23 Data 546
24 May 538
25 Communication 538
26 Students’ 530
27 Asynchronous 510
28 Synchronous 506
29 Learners’ 486
30 Second 485
31 Teachers 484
32 Two 479
33 Used 458
34 Feedback 451
35 Interaction 433
36 New 424
37 Different 423
38 Teacher 404
39 Table 400
40 Student 392
41 One 380
42 First 379
43 Participants 371
44 Using 370
45 Studies 363
46 See 341
47 Educational 336
48 Characters 335
49 System 334
50 University 333
51 Literacy 333
52 Content 324
53 Perceived 324
54 Information 322
55 Like 321
56 Knowledge 316
57 Languages 313
58 Text 305

59 Analysis 301
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(continued)

Readiness for digital transformation

39

Ranking Word Freq
60 Game 300
61 Foreign 298
62 Class 298
63 Design 297
64 Model 296
65 Process 290
66 Support 283
67 Context 282
68 Functions 282
69 Strategies 276
70 Skype 276
71 cfl 273
72 Based 271
73 Classroom 271
74 Social 271
75 Making 268
76 Development 264
77 Collaborative 261
78 Practice 260
79 Environment 254
80 Enjoyment 254
81 Meeting 251
82 Level 247
83 Experience 247
84 Teachers’ 243
85 Resources 240
86 Mode 233
87 China 231
88 Modes 231
89 Wechat 230
90 Example 226
91 Results 225
92 Story 225
93 Interview 223
94 Seesaw 222
95 International 220
96 Project 219
97 School 215
98 Google 215
99 Multimodal 215
100 Figure 215
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Appendix 2: Number of studies by location

Research region Frequency

Mainland China 36
United States
Australia

Hong Kong
Multinational research

N
~

Taiwan
United Kingdom
New Zealand
Belgium
Cape Verde
Ghana
Japan
Malaysia
Saudi Arabia
Singapore
Unspecified

_. A A NDNWW A DN

Vietnam

Note: ‘Multinational research’ and ‘Unspecified’ are not included in Figure 6.

References

Andringa, Sible & Aline Godfroid. 2019. Call for participation. Language Learning 69(1). 5-10.

Bandyopadhyay, Somprakash, Arina Bardhan, Priyadarshini Dey & Sneha Bhattacharyya. 2021. Education
ecosystem. In Somprakash Bandyopadhyay, Arina Bardhan, Priyadarshini Dey &

Sneha Bhattacharyya (eds.), Bridging the education divide using social technologies: Explorations in
rural India, 43-75. Singapore: Springer.

Becirovi¢, Senad. 2023. Digital pedagogy: The use of digital technologies in contemporary education. Bosnia &
Herzegovina: Springer Nature.

Chan, Jessica, Robert Woore, Laura Molway & Trevor Mutton. 2022. Learning and teaching Chinese as a
foreign language: A scoping review. Review of Education 10(3). e3370.

Chu, Chengzhi, Matthew D. Coss & Phyllis N. Zhang (eds.). 2024. Transforming Hanzi pedagogy in the digital
age: Theory, research, and practice [F "5 I AR [V 7 #2# —EEiE 5 5228 ). Oxon & New York:
Routledge.

Clark-Wilson, Alison, Ornella Robutti & Mike Thomas. 2020. Teaching with digital technology. ZDM 52(7).
1223-1242.

Claro, Magdalena & Carolina Castro-Grau. 2023. The role of digital technologies in 21st century learning.
Regional Forum on Education Policy 7. 1-11.

European Commission. 2025a. What is Erasmus+? - Erasmus+. https://erasmus-plus.ec.europa.eu/
about-erasmus/what-is-erasmus (accessed 15 September 2025).


https://erasmus-plus.ec.europa.eu/about-erasmus/what-is-erasmus
https://erasmus-plus.ec.europa.eu/about-erasmus/what-is-erasmus

DE GRUYTER MOUTON Readiness for digital transformation =—— 41

European Commission. 2025b. Digital education action plan (2021-2027) - European education area.
https://education.ec.europa.eu/focus-topics/digital-education/action-plan (accessed 1 July 2024).

Fellows, Ian. 2018. Wordcloud: Word clouds. https://cran.r-project.org/web/packages/wordcloud/index.
html?utm_source=chatgpt.com (accessed 6 June 2025).

Gass, Susan, Shawn Loewen & Luke Plonsky. 2021. Coming of age: The past, present, and future of
quantitative SLA research. Language Teaching 54(2). 245-258.

Gong, Yang (Frank), Xuesong (Andy) Gao & Boning Lyu. 2020. Teaching Chinese as a second or foreign
language to non-Chinese learners in mainland China (2014-2018). Language Teaching 53(1). 44-62.

Gong, Yang, Boning Lyu & Xuesong Gao. 2018. Research on teaching Chinese as a second or foreign
language in and outside mainland China: A bibliometric analysis. The Asia-Pacific Education
Researcher 27(4). 277-289.

Gough, David, Sandy Oliver & James Thomas (eds.). 2017. An introduction to systematic reviews, 2nd edn. Los
Angeles, London, New Delhi, Singapore, Washington DC, Melbourne: SAGE.

Haleem, Abid, Mohd Javaid, Mohd Asim Qadri & Rajiv Suman. 2022. Understanding the role of digital
technologies in education: A review. Sustainable Operations and Computers 3. 275-285.

Harper, Luke, Nicolas Kalfa, Goedele M. A. Beckers, Martin Kaefer, Anka J. Nieuwhof-Leppink,
Magdalena Fossum, Katherina W. Herbst & Darius Bagli. 2020. The impact of COVID-19 on
research. Journal of Pediatric Urology 16(5). 715-716.

Henrich, Joseph, Steven J. Heine & Ara Norenzayan. 2010. The weirdest people in the world? Behavioral and
Brain Sciences 33(2-3). 61-83.

Huang, Jack Kai-tung. 1985. The input and output of Chinese and Japanese characters. Computer 18(1).
18-24.

Ke, Sihui Echo. 2020. Review of research on learning and instruction with specific reference to reading
Chinese as an additional language (1976-2018). Frontiers of Education in China 15(1). 14-38.

Khany, Reza & Khalil Tazik. 2019. Levels of statistical use in applied linguistics research articles: From 1986
to 2015. Journal of Quantitative Linguistics 26(1). 48-65.

Koul, Surabhi & Burna Nayar. 2021. The holistic learning educational ecosystem: A classroom 4.0
perspective. Higher Education Quarterly 75(1). 98-112.

Kraus, Sascha, Paul Jones, Norbert Kailer, Alexandra Weinmann, Nuria Chaparro-Banegas & Norat Roig-
Tierno. 2021. Digital transformation: An overview of the current state of the art of research. Sage
Open 11(3). 1-15.

Kubler, Cornelius C. 2018. Developing course materials for technology-mediated Chinese language
learning. Innovation in Language Learning and Teaching 12(1). 47-55.

Li, Michael. 2023. A review of technology-enhanced Chinese character teaching and learning in a digital
context. Language Learning & Technology 27(3). 65-82.

Lyu, Boning, Chun Lai, Chin-Hsi Lin & Gong Yang. 2021. Comparison studies of typing and handwriting in
Chinese language learning: A synthetic review. International Journal of Educational Research 106. 1-15.

Lyu, Boning & Xuedan Qi. 2020. A review of research on technology-assisted teaching and learning of
Chinese as a second or foreign language from 2008 to 2018. Frontiers of Education in China 15(1).
142-163.

Macaro, Ernesto, Handley Z6e & Walter Catherine. 2012. A systematic review of CALL in English as a second
language: Focus on primary and secondary education. Language Teaching 45(1). 1-43.

Miao, Fengchun & Wayne Holmes. 2023. Guidance for generative Al in education and research. UNESCO.
https://www.unesco.org/en/articles/unesco-governments-must-quickly-regulate-generative-ai-
schools (accessed 13 August 2025).

Moloney, Robyn Anne. 2013. Providing a bridge to intercultural pedagogy for native speaker teachers of
Chinese in Australia. Language, Culture and Curriculum 26(3). 213-228.


https://education.ec.europa.eu/focus-topics/digital-education/action-plan
https://cran.r-project.org/web/packages/wordcloud/index.html?utm_source=chatgpt.com
https://cran.r-project.org/web/packages/wordcloud/index.html?utm_source=chatgpt.com
https://www.unesco.org/en/articles/unesco-governments-must-quickly-regulate-generative-ai-schools
https://www.unesco.org/en/articles/unesco-governments-must-quickly-regulate-generative-ai-schools

42 —— Zhang and Osborne DE GRUYTER MOUTON

Montag, Christian, Benjamin Becker & Chunmei Gan. 2018. The multipurpose application WeChat: A
review on recent research. Frontiers in Psychology 9. 1-8.

Mukul, Esin & Gilgin Blyuikdzkan. 2023. Digital transformation in education: A systematic review of
education 4.0. Technological Forecasting and Social Change 194. 122664.

Neubauer, Diane. 2021. Read-along videos for L2 Chinese learners. Journal of Technology and Chinese
Language Teaching 12(1). 138-151. http://www.tclt.us/journal/2021v12n1/neubauer.pdf.

Pinto, Marta & Carlinda Leite. 2020. Digital technologies in support of students learning in Higher
Education: Literature review. Digital Education Review 37. 343-360.

Plekhanov, Dmitry, Henrik Franke & Torbjern H. Netland. 2023. Digital transformation: A review and
research agenda. European Management Journal 41(6). 821-844.

R Core Team. 2024. R: The R project for statistical computing. https://www.r-project.org/ (accessed 6 June
2025).

Rose, Heath, Jessica G. Briggs, Jill A. Boggs, Lia Sergio & Natalia Ivanova-Slavianskaia. 2018. A systematic
review of language learner strategy research in the face of self-regulation. System 72. 151-163.

Sabzalieva, Emma & Arianna Valentini. 2023. ChatGPT and artificial intelligence in higher education: Quick
start guide. UNESCO. https://unesdoc.unesco.org/ark:/48223/pf0000385146 (accessed 15 January
2026).

Sullivan, Miriam, Andrew Kelly & Paul McLaughlan. 2023. ChatGPT in higher education: Considerations for
academic integrity and student learning. Journal of Applied Learning and Teaching 6(1). 31-40.

Trotta, Angelo, Marta Ziosi & Vincenzo Lomonaco. 2023. The future of ethics in Al: Challenges and
opportunities. AI & Society 38(2). 439-441.

UNESCO. 2009. Guide to measuring information and communication technologies (ICT) in education.
Montreal, Quebec, Canada: UNESCO Institute for Statistics. https://uis.unesco.org/en/glossary-
term/information-and-communication-technologies-ict (accessed 17 July 2024).

UNESCO. 2020. Startling digital divides in distance learning emerge. https://www.unesco.org/en/articles/
startling-digital-divides-distance-learning-emerge (accessed 27 August 2025).

US Department of State. 2025. Foreign language training. United States Department of State. https://www.
state.gov/foreign-language-training/ (accessed 7 October 2024).

Vial, Gregory. 2019. Understanding digital transformation: A review and a research agenda. The Journal of
Strategic Information Systems 28(2). 118-144.

Wang, Danping & Danni Li. 2023. Integrating digital multimodal composition (DMC) into Chinese
language teaching. In Jia-Fei Hong & Chung-Mou Si (eds.), Teaching Chinese language in the
international school context, 101-117. Singapore: Springe.

Wong, Wilson, Angela Aristidou & Konstantin Scheuermann. 2025. The future of learning or the future of
dividing? Exploring the impact of generative artificial intelligence on higher education. Data & Policy
7. e44,

Xu, Binze. 2024. Technology integration into Chinese as a foreign language learning in higher education:
An integrated bibliometric analysis and systematic review (2000-2024). Language Teaching Research.
https://doi.org/10.1177/13621688241277911.

Zhang, Phyllis Ni. 2021. Typing to replace handwriting: Effectiveness of the typing-primary approach for L2
Chinese beginners. Journal of Technology and Chinese Language Teaching 12(2). 1-28.

Zhang, Meixiu & Qi Liu. 2023. Synchronous and asynchronous online collaborative writing: A study on
Chinese language learners. Foreign Language Annals 56(3). 740-763.

Zhang, Qi & Caitriona Osborne. 2025. Digital turn in Hanzi teaching from the perspective of overseas
research [Cong haiwai yanjiu chengguo kan hanzi jiaoxue de shuzihua zhuanxing]. Journal of Global
Chinese Language Development [Quanqiu Zhongwen Fazhan Yanjiu] 5. 146-167.


http://www.tclt.us/journal/2021v12n1/neubauer.pdf
https://www.r-project.org/
https://unesdoc.unesco.org/ark:/48223/pf0000385146
https://uis.unesco.org/en/glossary-term/information-and-communication-technologies-ict
https://uis.unesco.org/en/glossary-term/information-and-communication-technologies-ict
https://www.unesco.org/en/articles/startling-digital-divides-distance-learning-emerge
https://www.unesco.org/en/articles/startling-digital-divides-distance-learning-emerge
https://www.state.gov/foreign-language-training/
https://www.state.gov/foreign-language-training/
https://doi.org/10.1177/13621688241277911

DE GRUYTER MOUTON Readiness for digital transformation =—— 43

Zhao, Xian, Peijian Paul Sun & Man Gong. 2024. The merit of grit and emotions in L2 Chinese online
language achievement: A case of Arabian students. International Journal of Multilingualism 21(3).
1653-1679.

Supplementary Material: This article contains supplementary material (https://doi.org/10.1515/caslar-
2026-2002).

Bionotes

Qi Zhang

Qi Zhang is an assistant professor at the School of Applied Language and Intercultural Studies at Dublin
City University (DCU), a board member of the Association of Programmes in Translation and Interpreting
Studies (APTIS) and a member of the Centre for Translation and Textual Studies. She is also an external
advisor for the Teaching Council for Mandarin Chinese in Ireland. She has published over 30 articles,
chapters, and papers on the topic of Chinese language education and translation (Chinese-English)
pedagogy.

Caitriona Osborne

Caitriona Osborne is an assistant professor at the Irish Institute for Chinese Studies at University College
Dublin (UCD), the assistant editor of the Chinese as a Second Language Research journal, an external
advisor for the Teaching Council (the regulator of the teaching profession in Ireland) for Mandarin Chinese
and a UCD Level 1 Equality, Diversity, and Inclusion Ambassador. She is the co-editor of the recent book
Teaching Chinese Characters in the Digital Age: Insights on Current Trends and Future Directions. In 2022,
Caitriona was awarded a college-level Teaching Excellence Award for her contribution to educational
excellence in UCD.


https://doi.org/10.1515/caslar-2026-2002
https://doi.org/10.1515/caslar-2026-2002

	Readiness for digital transformation in Chinese as a foreign language education: a semi-systematic review
	1 Introduction
	2 Literature review
	2.1 Definition of digital transformation
	2.2 Key features of Education 4.0
	2.3 Digital technologies
	2.4 Research questions

	3 Research method
	3.1 Literature search
	3.2 Search strings

	4 Results
	4.1 Overview of the reviewed studies
	4.2 Technologies involved
	4.3 Focus on biotic actors, abiotic entities or external influencers

	5 Discussion
	6 Conclusions
	Appendix 1: Word frequencies
	Appendix 2: Number of studies by location
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


