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Abstract

This chapter aims to compare the contexts, features, trends, and issues of digi-
tal learning (DL) in K-12 education among 11 high-digital-competitiveness
countries. Based on the country-specific reports in previous chapters, the fol-
lowing findings about DL are presented: (1) Most countries claim to be in the
second stage of digital transformation (digitalization), while three countries
claim to have reached the third stage of digital transformation. (2) The govern-
ments of these countries have launched policies promoting DL, incorporating
long-term strategies that involve investments in DL facilities and resources.
Countries that consistently implement policies across their education systems
are more likely to progress in developing DL, while others encounter chal-
lenges in allocating funding and ensuring equitable access to DL. (3) DL
implementation across K-12 schools varies in degree. Secondary education
(ISCED 2 and 3) offers more opportunities for using digital tools to support
learning than younger age groups. Some countries restrict the use of DL in
pre-school education (ISCED 0). (4) The COVID-19 pandemic has yielded
both positive and negative impacts on DL. Countries with long-standing DL
policies have effectively adjusted to distance/online learning in response to
the pandemic. (5) Significant funding has been allocated to DL, focusing on
DL infrastructure, teaching, and learning resources. Due to the COVID-19
pandemic, there has been a notable increase in investments in DL across these
countries. (6) Most countries have well-established school infrastructure to
support DL. However, in some countries, variations in DL infrastructure exist
among different school types, districts, and households. (7) Learning manage-
ment systems (LMSs) providing diverse functions for digital learning and as-
sessment are widely used. (8) Most countries emphasize teachers’ professional
development in digital teaching by providing support on online training cours-
es, teacher communities, and hubs for digital teaching resources. (9) Some

common DL features shared by these countries include significant and com-
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prehensive government investments in DL, a focus on fostering students' and
teachers' digital literacy, and the enhancement of personalized and adaptive
learning using DL resources. (10) Several significant trends in these countries
encompass the widespread use of Al in education, an emphasis on enhancing
teachers' digital teaching skills, and the development of students' DL profi-
ciency through courses on computational thinking, coding, and programming.
(11) Common issues have been identified, including a lack of clear guidance
or planning, insufficient funding for improving and maintaining DL facili-
ties, disparities in students' access to DL devices both at school and at home,
concerns for DL security, and more. These trends and issues could serve as a
foundation for proposing future research and development directions that aim

to enhance DL for sustainable development.
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countries, comparative analysis
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Introduction

This book aims to strengthen the mutual understanding and connection
between Taiwan and other countries with high-digital-competitiveness in
promoting digital learning (thereafter called DL) in K-12 schools, so as to
facilitate the development of each country's DL promotion projects; and to
provide opportunities for countries with high digital competitiveness to share
their experience in promoting DL, so as to facilitate international reference
and common prosperity. The high-digital-competitiveness countries here refer
to the top 21 (or top one third) countries listed in the International Institute
for Management Development (IMD) World Digital Competitiveness Rank-
ing 2022 (IMD, 2022). Among these countries, 11 were selected and accepted
our invitation to share their experience of promoting DL. They are Australia
(AU), Estonia (EE), Finland (FI), Germany (DE), Hong Kong SAR (HK), Is-
rael (IL), the Republic of Korea (KR), Sweden (SE), Taiwan (TW), the United
Kingdom (UK)', and the United States of America (US). Each country’s report
is compiled in the preceding chapters, which provide a comprehensive over-

view of the promotion of DL in their country.

Based on each country’s report, this chapter compares the findings across the
11 countries. Nine comparative components are raised and discussed respec-
tively, namely schooling system, the stage of digital transformation, DL main
policies/programs/research, DL implementation in schools, the impact of the
COVID-19 pandemic on DL, DL infrastructure, DL features, trends and is-
sues. The DL in this book refers to the learning that is facilitated by digital
technologies and gives learners some control over time, place, path, and/or
pace in an effective way, combining different elements such as blended or vir-

tual learning using mobile technologies, e-learning, etc. (IGI Global, 2023).

1 Because the UK does not have a single UK-wide school system, its report is based

on England, which accounts for over 85% of the UK population.
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It requires a combination of digital technology, content, and instruction. The
following three sections illustrate international comparisons of these compo-

nents.

An International Comparison of the Schooling System
and the Digital Transformation Stage in K-12 Schools

This section compares the DL background of the 11 countries in terms of two
components: the structure of the schooling system and the digital transforma-
tion (DX) stage in K-12 schools. Table 1 shows a summary of the comparative
components for each country. The similarities and differences among these

countries are discussed below.
Component 1: Schooling system

The K-12 education system in the 11 countries could be divided into four
stages: level 0 to level 3 in accordance with the International Standard Clas-
sification of Education (ISCED). The term for each stage varies across coun-
tries. For example, terms such as early childhood education, kindergarten, pre-
elementary, or lower primary education are used to describe the ISCED 0 level
for children under 5/6 years old. Many countries have compulsory primary
(ISCED 1) and lower secondary education (ISCED 2), and some countries
have extended compulsory education upward to the upper secondary level
(such as AU, IL, FI) or downward to early childhood education for 5-year-old
children (UK). In addition to general education, most countries offer voca-
tional education or specialized curriculum programs at the upper secondary
education level tailored to students’ interests and future career aspirations. It is
noted that some countries provide national curriculum guidelines, strategies,

and standards to guide teachers and to support the implementation of digital
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education across the entire education system (such as AU, EE, FI, HK, TW).
AU is an example of a national curriculum being used to ensure common cur-
riculum frameworks and learning outcomes across all schools. In other coun-
tries, such as DE and the US, there is no national curriculum; rather, federal

states and schools have their own curricula, following common aspects.
Component 2: Stage of digital transformation (DX) in K-12 schools

DX refers to the process in which organizations utilize digital technologies
to adapt to environmental changes (Vial, 2019). According to Luo and Wee’s
(2021) definition, DX is a journey of the following three stages. Stage 1. Digi-
tization: converting non-digital records and information into digital format.
Schools usually use peripheral digital technologies such as digital desks and
invest in isolated experiments like loyalty programs to prepare for the new
activities, with only a few administrators aware of the school’s future strategy.
Stage II. Digitalization: converting processes or interactions into digital equiv-
alents. Schools grasp the potential of technology and reorganize educational
activities with digital tools, requiring additional investment in personnel train-
ing for effective use. Examples include e-learning and teleconferencing. Stage
III. Digital Transformation: an innovative and disruptive education change,
where strategic decisions are made with the aid of digital technologies.
Schools can leverage student-centric design thinking to dig out their insights
and enhance internal and external engagement. They prioritize innovative
education approaches to build strategic competitive advantage for sustainable

growth.

The country report authors were asked to indicate which stage most (i.e., more
than half) of their K-12 schools are at now. Based on the self-assessment re-
ports for K-12 schools in the 11 countries, three of them (HK, SE, TW) claim
to have reached Stage III. These countries show a comprehensive DL transfor-
mation of whole educational networking from government policies to teaching

practices. For example, digital learning in HK is a comprehensive integration
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of digital technology to transform education, with government policies, cur-
riculum documents, and innovative projects all emphasizing a dedication to
transformative and innovative education in K-12 schools. Besides, six coun-
tries (AU, EE, FI, IL, KR, UK) have identified themselves as being at Stage 11,
four of which (AU, FI, UK, KR) are moving towards the next stage. It is no-
table that DX progress in certain countries varies significantly among schools
and regions. IL is an example, where gaps between different socioeconomic
statuses and opposite policies about DL act as barriers to entry into the third
stage. Challenges also arise from limitations in teachers’ capacity and willing-
ness to integrate digital tools into their teaching methods (such as EE, IL).
In the case of DE and the US, primary education has reached Stage I, while
lower and upper secondary education has, on average, advanced to Stage II.
Similarly, a digital gap persists nationwide in both countries, particularly in
rural and remote areas, where access to DL resources is limited. Overall, many
countries have made significant efforts to accelerate the DX process in re-
sponse to the disruptions caused by the COVID-19 pandemic, with the aim of
providing innovative digital learning environments. Figure 1 displays the DX

progress of the 11 countries.

Figure 1 The Digital Transformation Progress in K-12 Schools across the 11 Coun-

tries
Stage I. Digitization & Stage II. Digitalization . Stage III. Digital
Stage II. Digitalization Transformation
*Germany ‘ * Australia ‘ *Hong Kong SAR
+United States of +Estonia *Sweden
America *Finland * Taiwan
«Israel
*Korea
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An International Comparison of the Current Status of DL
in K-12 Schools

This section presents a comparison of the current status of digital learning in
K-12 schools for the 11 countries. The content includes five comparative com-
ponents, namely: main DL policies, programs and research, DL implementa-
tion in K-12 schools, the impact of COVID-19 on DL, DL infrastructure, and
features of DL. The relationship among these factors portrays the networking
and ecosystem of digital learning in each country. Table 2 summarizes the in-

formation of the aforementioned components across countries.
Component 3: Main DL policies, programs and research

This section discusses the nationwide and/or statewide DL policies, projects,
programs, strategies, and research and development (R&D) findings in the 11
countries. All of these countries have policies aimed at promoting DL in K-12
in various aspects, such as investing in digital infrastructure, enhancing teach-
ing and learning activities with information and communication technologies
(ICT), and developing digital literacy among students, teachers, and other
stakeholders. These policies can be issued directly by the national government
or the Ministry of Education (MOE), with effects spanning states or counties
(e.g., EE, FI, HK, KR, SE, TW), or formulated by local governments follow-
ing national guidelines or strategies (e.g., AU, DE, US). For example, in DE,
although the national and state governments have limited influence over the
implementation of the education system, local authorities directly influence
the funding of digital infrastructure. Schools are also free to establish their
own curricula and manage their own IT equipment for educational purposes,

leading to a diverse and varied digital educational landscape.

In some countries, DL has a long history, with the government and MOE

implementing long-term strategies to promote the use of ICT in teaching
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and learning (e.g., AU, FI, HK, IL, KR, TW, UK). For example, FI has been
implementing DL since 1980, with three strategies, including developing digi-
tal infrastructure, evaluating the benefits of using technology for teaching and
learning (2005-2010), and recognizing diverse needs and uses of digital tech-
nologies for learning (2011-2018). In TW, the government has implemented
two types of policies. The first type focuses on establishing ICT infrastructure
across campuses through six policies from 1998 to 2025, such as the develop-
ment of computer classroom environments (1998-1999) and the provision of
mobile devices and internet connections (2022-2025). The second type aims
to enrich digital learning content, comprising five key policies from 2001 to
2025, such as the integration of technology into teaching and learning (2001-
2007) and the enhancement of materials and educational big data (2022-2025).
In addition to supporting DL, digital competence and literacy are mentioned
as core outcomes in national curricula and strategies (e.g., AU, FI, DE, HK,
KR, SE, US). Generally, DL policies in different countries tend to start with
the construction of digital infrastructure, then progress to the development of
digital content, the empowerment of teachers' pedagogy, and the enhancement

of students' digital learning literacy.

With regard to DL research and development (R&D), considerable effort
is being invested in studying practical tools, technologies, and pedagogical
approaches. In addition to research activities in higher education, various
companies and centers are dedicated to DL research and development. For
instance, the Center for Education Technology (CET) in IL is a notable com-
munity interest company that focuses on researching and providing DL educa-
tional technology, content and resources, and teachers' training. In the US, the
government funds several national centers to conduct research in the field of
DL. “Precision Education: the Virtual Learning Lab” is an example that em-

phasizes personalizing and enhancing virtual learning.
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Component 4: DL implementation in K-12 schools

Alongside clear policies and guidelines, several countries have embraced the
widespread implementation of DL across all educational levels, school types,
and domains in K-12 education (e.g., HK, KR, SE, TW, UK-England). For
instance, TW has developed DL programs for various subjects and core com-
petencies at all levels in primary and secondary education, as part of the “Pro-
motion of Grades 1-12 School DL Enhancement Plan - 2021.” It is notable
that the frequency and types of DL applications vary across educational levels,
with more prevalent and advanced use of digital technology in the later stages
of education (such as AU, DE, HK, IL, US). For example, DE reported spo-
radic use of digital media in kindergartens and primary schools due to budget
constraints and a shortage of technical staff. In IL, preschool teachers and par-
ents consider the use of digital tools unnecessary for preschool children, lead-
ing to limited digital applications for this age group and restrictions on chil-
dren's internet exposure set by the MOE. As for the upper secondary schools,
a wider range of digital device options and advanced DL content are provided.
Taking SE as an example, preschool children start using tablets to learn basic
programming, math, and reading skills, while upper secondary school students
utilize virtual reality and augmented reality technologies to explore complex

concepts.

The implementation of DL also relies on the degree of teacher autonomy in
teaching. Teachers in countries such as EE, DE, FI, and IL have the autonomy
to decide on the use of DL in teaching, resulting in varying levels of DL
implementations based on their perceptions and readiness to apply DL. The
DigiEfekt project in EE revealed several factors that teachers consider, such
as the availability of digital content, ease of monitoring the learning process
and providing feedback, and student access to learning tasks or content. Over-
all, the 11 countries tend to allocate digital resources to the development of

subjects such as mathematics, science, and languages. Some countries, such
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as AU, FI, KR, SE, and the US place emphasis on developing students' digital
skills through coding and robotics programs, as digital literacy is regarded as
an essential outcome of the national curriculum. Various DL applications are
observed in K-12 education across countries, including videos, e-books, on-
line courses, Learning Management Systems (LMS), gamified testing systems,
VR, AR, multimedia, digital assessment tools, etc. In recent years, the impli-
cation of Al has been noted in supporting adaptive learning by integrating it
into LMS and textbooks in KR and TW.

Component 5: The impact of COVID-19 on DL

Although the Covid-19 pandemic led to school lockdowns and disrupted tra-
ditional face-to-face education, it has accelerated the transformation of digital
learning in schools. As mentioned earlier, several countries (such as EE, FI,
HK, IL, KR, TW, UK) had formulated long-term national strategies or policies
to promote the digitization of education before the outbreak of COVID-19.
Consequently, they were able to swiftly implement large-scale online educa-
tional systems during school lockdowns. For example, the EE report indicates
that the majority of teachers and students were prepared to handle the emer-
gencies because they had experimented with online learning during previous
e-learning periods when students self-studied at home using digital material
provided by their teachers. In FL, with previous support from the national
promotion of DL, large-scale online education was able to be urgently imple-

mented during the pandemic.

In addition to the efforts made before the pandemic, most countries allocated
funding and support to enhance digital infrastructure, learning content and
resources during the school lockdowns. For instance, the AU government and
schools subsidized home internet and device costs for disadvantaged students,
and improved internet connectivity in remote areas. In the US, technology
support for public schools was implemented to provide students with digital

devices and internet at home or other locations. Similarly, the MOE in KR
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distributed smart devices, introduced public LMS platforms, and facilitated
the establishment of wireless networks in all schools. Moreover, many coun-
tries (such as AU, FI, DE, IL, KR, SE) attach great importance to teachers’
professional development by providing DL training courses, online communi-
ties, sharing forums, and resources to help teachers successfully transition to
online teaching. Based on these efforts, a variety of online or hybrid teaching
approaches were implemented to meet student needs. For example, in the
UK, primary school students use information from websites for asynchronous
homework, while secondary school students participate in synchronous learn-
ing courses through platforms such as Zoom, Google Classroom, or Microsoft

Teams.

There is no doubt that the pandemic has propelled a positive shift toward DL
in schools, but it has also led to some adverse outcomes or challenges, such
as inequality in DL facilities or access (AU, FI, US), students' mental health
and well-being (AU, EE, UK), and disparities in digital literacy levels among
teachers or students (FI and UK). Concerns also arise regarding the sustain-
ability of DL after the pandemic, as seen in Israel, where the percentage of
schools using digital cloud infrastructure and DL content dropped from 80-

90% during the pandemic to 40-50% post-pandemic.
Component 6: Digital learning infrastructure

Six critical elements contribute to the success of DL infrastructure, including
leadership and budget, course design and delivery, student success in DL, as-
sessment and data analysis, professional development for teachers and staff,
and technological infrastructure (such as bandwidth) (Fox et al., 2021). Based
on this, a comparison of DL infrastructure in K-12 schools across the 11 coun-

tries is presented below.

For leadership and financial resources, most countries allocated substantial

funding to DL infrastructure, particularly during the COVID-19 period. For
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instance, the ICT budget in KR education increased from 807,725 million
KRW in 2019 to 1,557,670 million KRW in 2022. Such funding originated
from various sources, as seen in EE, where the Estonian state budget and Eu-
ropean structural funds serve as two major funding channels. The funding en-
ables schools to establish digital DL infrastructure, enhance Wi-Fi bandwidth,
develop DL curriculum and teaching resources, and provide professional
development for school leaders and teachers. This reinforces the effective-
ness of all nodes in the DL network, supporting students' digital learning. The
funding allocations differ depending on the state, locality, and school type (DE
and US). Taking DE as an example, there is considerable variance in the DL
infrastructure across schools, which is closely linked to the financial capabili-
ties of the respective state and the responsible authorities. In addition, schools
and leaders in some countries (such as DE, FI, US) have a high degree of au-
tonomy in leading a school's digital transformation and budgeting for develop-
ing DL infrastructure and updating devices. Therefore, significant gaps in the
basic digital infrastructure of schools are evident in countries like DE and the
US, particularly in primary and lower secondary schools, where essential com-
ponents such as wireless LAN, learning management systems, and networked
collaborative tools are not readily available. The equity in the availability of

DL assets is a concern across the 11 countries.

Regarding course design and delivery, learning management systems (LMS)
are commonly employed to facilitate DL across various countries, including
AU, EE, DE, IL, KR, TW. In EE, LMSs are primarily utilized for communi-
cation among the school leadership team, students and parents, and provide
learning activities and tasks with interactive DL materials. In contrast, DE and
KR have developed numerous DL platforms with Al support, aiming for adap-
tive and personalized learning. Some national assessment online platforms
provide teaching material and assessment tools to analyze learning data, such
as "The Student Evaluation Support Portal" in KR, "Technology-based As-
sessment" in DE, and the “Taiwan Adaptive Learning Platform” in TW. In IL,
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virtual spaces like Springboard and Bagroup were created to provide learners
with success-oriented experiences, thereby boosting their learning motivation.
Evidence of student achievement in DL was scarcely mentioned in the coun-
try reports, with references largely limited to PISA data, national testing data,
and the prevalence of students using digital devices. Again, teacher autonomy
plays a significant role in deciding learning delivery and teaching methods.
For example, in AU, schools and educators are free to shape the design and
the delivery of digital content, adhering to the guidelines set by the Australian

Curriculum, Assessment and Reporting Authority.

Professional development programs or courses for educators and staff in DL
are provided across the 11 countries, with training courses for teachers being
the most common approach (AU, EE, HK, IL, KR, UK). These courses are
often conducted in remote or online learning environments, providing a wide
range of options. In the UK, teachers have access to numerous online courses
available on platforms such as FutureLearn and EdTech. Some platforms, like
eSchool Bag in EE, a national hub in Sweden, and the KERIS hub in KR, have
been established to share digital teaching materials and to support teachers in
designing and conducting their teaching. In Taiwan, the "DL guidance team"
(comprising central and local teams) was launched in 2019 to assist teachers
and schools in adopting DL. In IL, 90% of schools have a techno-pedagogical
or computation coordinator. Sweden has introduced a new master's program
focusing on educational technology to train future DL staff. All of these efforts
aim to help teachers and staff successfully transfer to the digital teaching envi-

ronment.

In terms of technological infrastructure, many countries (FI, HK, IL, KR, SE,
TW, UK) have well-established school infrastructure to support DL, including
digital devices, high-bandwidth internet connections, digital classrooms and
so on. Following government policies, substantial funding has been allocated

to bolster technological infrastructure, creating a strong foundation for the im-
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plementation of DL. Furthermore, many countries have invested in specialized
digital tools, such as 3D printers and programmable robots. For instance, in
FI, three out of four schools have robots, and every second school is equipped
with a 3D printer. Regarding home access, HK reported that 90% of students
had access to computers and the internet at home in 2022. In contrast, DE and
the US have observed disparities in technological infrastructure among types

of schools and regions.
Component 7: Features of digital learning

The author(s) of each country in this book have highlighted three to five DL
features in their own country report (see Table 2). These features were derived
from comparisons with K-12 schools in other equivalent countries or from
comparisons of K-12 schools and colleges within their country. Based on
these highlights, we extracted the key concepts in each country report and then
generated a word cloud, presented as Figure 2. In the word cloud, the size and
boldness of each term correspond to its frequency and importance in relation

to the DL features across the 11 countries.
Figure 2 A Word Cloud of the DL Features in the 11 Countries
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Based on the visual representation above, the most prominent term is “invest-
ment.” This signifies that most countries have dedicated substantial money and
energy to improve their digital infrastructure conditions, such as computers,
internet, digital learning content, materials, LMS, teacher professional devel-
opment programs, and more. Several countries, such as DE, KR, TW, and US,
have highlighted their DL features in this regard. Taking KR as an example,
the national-level Master Plans for ICT since 1996 have facilitated continuous
progress in DL. Additionally, there are strong emphases on training teachers’
digital competencies, developing learner-centered platforms, and creating
digital textbooks. Such substantial investment in advanced infrastructure plays

a vital role in the success of DL in KR.

The next highlighted feature is personalized and adaptive learning, especially
observed in country reports from KR, TW, US, and IL. In KR, various learner-
centered platforms provide personalized feedback, generate test papers, and
offer learning diagnostics tailored directly to students’ needs. Another example
involves the collaboration to integrate the Taiwan Adaptive Learning Platform
(TALP) and the Project for Implementation of Remedial Instruction-Tech-
nology-Based Testing System in Taiwan. This collaboration aids in planning
personalized learning paths for low-achievement students during remedial
instruction. Moreover, in IL, TW and the US, big data from learning analytics
and school data management are employed to enhance students' learning pro-

CCSSES.

The third feature is to cultivate the digital competence of both students and
teachers to adapt to the digital learning context (AU, EE, HK, KR). Nurtur-
ing students’ higher-order thinking is particularly emphasized in HK, EE,
and AU. For example, in AU, students are required to study Technology and
Digital Literacy from grade 8, and a mandatory coding program is introduced
from grade 3 to enhance their computational thinking, system thinking and de-
sign thinking skills. Moreover, some countries (HK, IL) have highlighted the

strong connection between the government, schools, and families as a crucial
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feature for promoting effective digital learning.

The fourth shared feature is the concern about inequity in DL within K-12
education across several countries (FI, SE, UK, US). Differences in socioeco-
nomic levels and regions notably impact students' DL experiences and digital
skill levels. For instance, in SE, students from low-income families may lack
access to technology and resources, leading to a digital literacy gap between
student groups. Many countries are actively seeking solutions to address the
equity issue. For instance, in TW, government funding prioritizes schools in
remote areas, providing them with a wealth of free DL resources. Meanwhile,
in the US, many public schools have implemented '1:1 device' programs aim-
ing to provide each student and staff member with a tablet, laptop, or other

digital devices.

Finally, several unique features are highlighted in different countries, such as
teacher shortages (EE), homeschooling (UK), blended learning (US), digital
privacy (US), and students' mental health and safety (AU). The differential ef-
forts or concerns emphasized in these countries shed light on their experiences
in promoting DL within their educational context and the status of DL imple-

mentation, serving as a valuable reference for the international community.
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A Comparison of Trends and Issues in Digital Learning

This section provides a summary and discussion of the trends and issues in
DL across the 11 countries, in terms of the above components and elements,
such as policies, implementation, and features of DL. In this context, the term
"trend" is defined as the general direction in which DL in K-12 is develop-
ing or changing, while an "issue" refers to an important topic or problem in
promoting DL for debate or discussion. The trends and issues for the 11 high-

digital-competitiveness countries are compiled in Table 3.
Component 8: Major trends in digital learning

Figure 3 presents a word cloud generated from the descriptions of major
trends in DL in the country reports. Several trends were highlighted across the
countries. First, the widespread adoption of Al to support students’ learning
is a popular trend in many countries (AU, EE, KR, SE, TW, US). Al applica-
tions are carried out through various tools, such as ChatGPT (SE) and adap-
tive testing and teaching (AU, TW, US). Al learning platforms have also been
developed and implemented in DE, KR and TW. Obviously, there is a growing

application of generative Al in K-12 education.
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Figure 3 A Word Cloud of Major Trends in Digital Learning in the 11 Countries
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The second trend is the enrichment of game-based digital learning, observed
in AU, TW and the US. This learning approach has potential to engage and
motivate students, enhancing their knowledge as well as problem-solving and
critical thinking skills. The third trend is a growing use of data and learning
analytics from LMS to provide feedback to students and support decision-
making and instruction (FI, IL, US). Apart from Al, games, and data analytics,
technologies such as virtual reality/augmented reality (US), and testbeds (SE),
e-sport (AU), and digital collaboration tools (AU) are also highlighted in the

word cloud.

The fourth trend involves the promotion of personalized learning through the
utilization of digital tools that customize learning content, feedback, and ac-
tivities to cater to the needs and abilities of individual students (HK, SE, US).
This personalized learning approach is also anticipated to enhance students'
autonomy and self-regulated learning abilities. The fifth trend is the increasing
importance of digital competence, with many efforts focused on fostering DL
competencies among both teachers and students (AU, EE, FI, KR).
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Furthermore, the sixth trend is the development of core competencies in
computational thinking skills, creative thinking and flexibility, with the sup-
port of DL processes (FI, TW). The seventh trend highlights the necessity of
preparing students for a digital world, proposing the integration of emerging
informatics, programming, and coding courses into students' curricula (AU,
DE, SE, US). The eighth trend involves updating teacher education programs
and introducing intensive teacher training courses for DL (DE, HK, IL). The
ninth trend is the development of teachers' communities to share and support
in-service teacher digital teaching, as observed in EE and KR, and creating a
pedagogical database for DL (IL). The final movement is observed in many
countries with a focus on developing diverse options and resources for sup-
porting DL in schools (EE, FI, DE, HKIL, SK, SE, UK, US). Some unique
trends are also found in each country, such as developing STEM education
(AU), changing DL school culture (DE), opening of the Jewish Orthodox so-
ciety to the digital world (IL), and digital exams (UK).

Component 9: Major issues in digital learning

The 11 countries have recognized the importance of digital learning in the
contemporary education environment and have made significant efforts to pro-
mote it in K-12 education through various forms of access. However, several
problems and topics have been raised for debate or discussion (see the word
cloud in Figure 4). Below are six issues commonly addressed by these coun-

tries.
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Figure 4 A Word Cloud of Major Issues in Digital Learning across the 11 Countries
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First, there is a lack of clear vision, long-term planning, or guidance for the
effective implementation of digital learning (EE, FI, HK, IL, KR). Despite DL
having been widely adopted in these countries, the absence of a vision with
quality-oriented learning goals and macro-level planning for DL implementa-
tion poses challenges for schools and teachers in delivering effective digital
education. Some countries lack clear guidance to support teachers’ teaching
in DL environments, such as integrating new digital competencies into their
courses, assessing student performance, and collecting data in online learning

settings.

The second issue is related to teacher shortage (AU, EE, DE) and insufficient
digital competencies (AU, FI, KR, TW, US). Teacher shortage is a barrier to
effective digital teaching, as the high workloads limit teachers’ time to prepare
digital materials and employ digital teaching methods. These approaches, es-
pecially for personalized learning through DL platforms, are often time-con-

suming. The reasons for teacher shortages in AU are identified, encompassing
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declining numbers of pre-service teachers, population increase, and teacher
burnout. To mitigate its negative impact on education quality, several solutions
have been implemented, including providing scholarships for pedagogical stu-

dents and improving teachers' working conditions.

Regarding teachers' competencies, a significant variation in digital teaching
skills is noted, underscoring the need for digital pedagogical training programs
for in-service and pre-service teachers (FI, KR, SE, TW, US). In TW and AU,
recommendations for teachers' professional development activities related to
the application of Al in teaching include workshops, online courses, webinars,
or peer-led training courses. FI suggests leveraging learning experiences from
peers and communities, and also advocates for the development of innovative

and effective DL tools and materials.

Third, the lack of funding and digital infrastructure poses challenges in pro-
moting DL (DE, IL, US). DL requires significant support from modern digital
tools and infrastructure, often involving substantial investments (Davis et al.,
2008). The investments, however, may vary by state and locality due to fed-
eral acts, laws, and local initiatives (e.g., DE, US). For example, in GE, states
with better financial situations can allocate more funds for digital infrastruc-
ture, similar to the US, where school funding varies and heavily relies on local
support. In IL, significant disparities between different socioeconomic and eth-
nic groups also result in a lack of infrastructure in certain areas. Furthermore,
discontinuing funding for DL after the COVID-19 pandemic raises concerns

about the maintenance of DL tools and devices.

The next issue relates to the inequity in access to DL resources among stu-
dents (AU, DE, HK, IL, SE, US). The aforementioned differences in funding
allocation among schools lead to variations in access and use of digital re-
sources (DE, US). Concerns about the DL inequity among minority students
are also raised in the US, particularly for those with disabilities, special needs,

or language barriers who require specialized technologies to support DL. In
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HK and SE, students from disadvantaged backgrounds or rural areas may
face challenges due to a lack of digital devices and internet connectivity at
home, hindering their participation in distance education and access to online
resources. To address this issue, various programs have been implemented to
provide students with computers for use at home, such as the Computer Recy-
cling Scheme in HK, the One-to-One Computing Program in SE, Bring Your
Own Device in AU and Take-Home Student Device in TW. However, it is im-

portant to note that not all students can participate in these programs.

The fifth issue concerns the data security and ethics in online learning (DE,
KR, SE, TW). As the use of data to manage student learning becomes a trend
in many countries, there is a growing need for clear plans and policies to
protect students' and teachers' information from third parties (HK, GE). Ad-
ditionally, the emphasis on students' mental health in online environments
has increased, considering the risks associated with a lack of real interactions
and excessive screen time (HK, KR). Hong Kong has updated the "Informa-
tion Literacy for Hong Kong Students’ Learning Framework" to include more
guidelines to address these issues. The lessons from AU’s "Online Safety and

Digital Citizenship Education” could serve as a reference.

The final issue relates to assessment in online learning. In HK, IL, and SE,
high-stakes examinations dominate teaching and learning in schools, leading
teachers to focus on content that aligns with exam requirements rather than us-
ing constructivist DL approaches (IL). In addition, when conducting formative
online assessments, poor internet connections or limited resources may impact
students' test results, resulting in inequalities among students. Another concern
involves cheating in online assessments (HK, IL, SE), where students may
support peers during tests through online chat or using Al applications like
ChatGPT to find answers. These situations highlight the need for research on
digital assessment to leverage the advantages of digital tools in online learning

assessments.
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In summary, DL has gained significant attention and progress in all 11 coun-
tries, receiving strong support from governments and societies, particularly
during the COVID-19 pandemic. It has been implemented across all levels
of K-12 education with varying degrees of success, and the levels of digital
transformation differ among countries, states, and schools. Despite the chal-
lenges presented, a series of examples and experiences shared by these coun-
tries can offer potential solutions and lessons for other countries seeking to
enhance their digital transformation capabilities. The proven effectiveness of
DL represents a major advance in these countries and beyond, playing a vital

role in preparing the workforce for a digital future.
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