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PREFACE

In the future, as information and communicationshtelogy evolve further and further,
artificial intelligence and IoT will become even raowidespread, and digital socialization will
deepen. Under these circumstances, each counting iworld faces the challenge of how to train
personnel with 2kcentury ICT capabilities (6C421C), who can actjvehgage in the coming
digital society.

In recent years, it has become popular to provaechcomputer science and programming
learning opportunities for both elementary and gnesl students in Japan. This phenomenon is
not restricted to developed countries; as will Entioned later, similar efforts also are observed
in APT countries.

Through literature and field surveys conducted gmi of this publishing project, which
was adopted by APT Publishing Program, we found mi@ny countries are currently working
with the enthusiasm to foster human resources Herftiture and to actively implement new
initiatives and projects. Based on these moveméits book introduces the efforts and policies
of each country, with some analysis of their chiamagtics, and points out three important factors
in fostering 2¥-century ICT capabilities: a vision for the nexngeation society, development of
school curricula, and cooperation among governmigalystry, and academia. Our findings,
however, are limited to the scope of the book’sjgm and there are likely various other
approaches to 24century ICT capabilities that were not discussearh

This book itself is the result of collaborationween industry, government, and academia.
Members of this project were gathered from the KDEundation, the project’s executing
agency; FMMC, a not-for-profit organization; andettacademic institutions of Shizuoka
University and Chuo University. During the fieldrgey, we visited four countries—Singapore,
Malaysia, Thailand, and Myanmar—and conducted wig@rs, opinion exchange, and on-site
surveys at 16 related sites, including governmegenaies, schools, and private organizations. As
the project leader, | am deeply grateful to eveeyamo kindly supported and cooperated with our
survey efforts.

Last but not least, | sincerely hope that the austef this book will serve as a reference
for interested parties in APT countries and wilhttdoute to further information sharing and
networking among APT countries.

JITSUZUMI, Toshiya
D.Sc. in Global Information and Telecommunicatidodses, MBA
Professor, Faculty of Policy Studies, Chuo Uniugrsi
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EXECUTIVE SUMMARY

The purpose of this publication project is to supplee efforts of APT countries to develop
21%-century ICT capabilities required for the next getion by providing information on various
countries’ approaches and example good cases, avithcus on elementary and secondary
education.

Today, the framework of practical work and sociejamization is changing from one of
uniformity, which best suited mass production, toeoof networking, collaboration, and
partnership building. In the industrial field, realtion of the Fourth Industrial Revolution,
represented by |oT, big data, Al, robotics, ancethmeans it is necessary, as an important social
issue, to foster creativity and information-usitgjity in next-generation human resources.

In light of these circumstances, an internationajanization established by educators
worldwide, ATC21s, defines the general ability tosve in the global society of the future as
“21%Lcentury skills (ability to solve unresolved quess)”; these skills include critical thinking,
problem-solving, communication, collaboration, mmf@tion literacy, and so on. Given this, in
this book we define “ZPLcentury ICT capabilities” as a set of several téljiges, powered by use
of ICT, that all people living in the 21st centwiyould ideally be equipped with.

Various abilities and skills can be consideredlements of 23-century ICT capabilities. Of
those, this book considers six C’s (Computatioh&iking, Coding, Creation, Communication,
Collaboration, and Competition) to be particulaifgportant. These six are abbreviated as
“6C421C” (six C’s for the 21 century).

This book consists of five chapters: an introduttiG@hapters 1 to 3, and a conclusion. In
the Introduction, we present the purpose of thimkbathe definition of 2%-century ICT
capabilities, and the book’s approach and compuwsiti

In Chapter 1, we outline the vision for the nextgation and associated measures to foster
21St—century ICT capabilities in Europe, the U.S., aheé APT countries; we examine the
characteristics of each country’s approach usirgjcbstatistical data. Within the scope of the
investigation, countries that are aggressively ying 2f-century ICT capabilities have
formulated social and economic visions and stratefpr the next generation. Despite differences
in the economic and social situation of each cguiitiese visions and strategies generally include
three aspects: to strengthen competitiveness aravation, to develop next-generation human
resources capable of responding to globalizatiad, ta foster next-generation citizens who will
live in the future digital society.

In Chapter 2, we introduce the example cases dodsfade in Europe, the U.S., and the
APT countries to improve school curriculum with pest to development of Zxentury ICT
capabilities, and categorized them into three tyges CS compulsory independent subject type,
the integrated STEM type, and the®&®ntury skill type. In the CS compulsory indepentde
subject type, the main objective is understandirgnad skill acquisition in computer science (CS).
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In the integrated STEM type, the main purpose isntprove numeric and scientific thinking
ability. An integral part of the Z'century skill type is to nurture ZXentury ICT capabilities and
thereby foster citizens who can participate indiggtal society. Additionally, aspects of each type
involve improving problem-solving ability by utilizg IT and human resource development in the
IT field.

In Chapter 3, we show cases from each country ttwodoce the role of
industry-government-academia collaboration in mimy 2T%century ICT capabilities. To
cultivate 2f“century ICT capabilities (including CS and STEMbjgats), it is necessary to
improve learning materials, tools, and ICT enviremts (networks, computers, etc.), as well as to
train teachers. Collaboration between industry, egoments, and academia can expect a
synergistic effect through the linking of each Bfdi respective strengths. Industries, including
nonprofit organizations and companies, can devéapning tools, devices, and services that
utilize the latest knowledge; standardize learntogtent, raise awareness through grassroots
networks; and lobby to reform regulatory frameworkdovernment agencies can lead the
coordination among industry, government, and ac#éateconduct policy planning; develop legal
and regulatory frameworks; and revise school cul@iand deploy them nationwide. Finally,
academic societies can ensure theoretical readofexB-century ICT capabilities, offer a place
for teacher training, and promote cooperation ansmhpols.

The final chapter provides a summary of the boekstents. Although this book does not
cover all approaches to fostering®&sentury ICT capabilities, as its content is basedthe
results of research concerning the U.S. and selementries in Europe and the APT, it has
significance in that it shows various approachest tave actually been introduced. Going
forward, measures to foster the next generatiort tmeigpromoted by strengthening information
exchange and cooperative relations between andleutsee APT countries. We, as contributors to
this APT publishing project, sincerely hope tha tontent of this book will aid in this effort.
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Introduction - 21°-Century ICT Capabilities for the Next Generation

1 Purpose of this book

The purpose of this publication project is to suppbe efforts of APT countries to
develop 23-century ICT capabilities required for the next getion by providing
information on various countries’ approaches amahg{e good cases, with a focus on
elementary and secondary education.

Today, the framework of practical work and socig@amization is changing from one of
uniformity, which was suited for mass productiom,one of networking, collaboration,
and partnership building. In the industrial fieleialization of the Fourth Industrial
Revolution, represented by loT, big data, Al, ratmt means it is necessary, as an
important social issue, to foster creativity andfoimation-using ability in
next-generation human resources.

In light of these circumstances, an internationglaization established by educators
worldwide, ATC21s, defines the general ability tovéve in the global society of the
future as “23-century skill (ability to solve unresolved quest)’; these skills include
critical thinking, problem-solving, communicatioogllaboration, information literacy,
and so on. Along with this, governments are stgrtonshift from traditional education
systems emphasizing knowledge to new systems thaure and extend these
21%century skills.

Based on the above, this book presents the comdetl®-century ICT capabilities,”
and introduces noteworthy related activities arfdref in Europe, the U.S., and APT
countries based on literature and on-site survéhss book shows our findings by
organizing elements and approaches that fost&c@dtury ICT capabilities at the
primary and secondary education levels.

2 What are 21st-century ICT capabilities? - Definiton, efforts in developed
countries, and necessity in APT countries

(1) Definition of “21st-century ICT capabilities”

In this book, we define “Zicentury ICT capabilities” as a set of various iib#,



powered by use of ICT, that all people living ie i T-based society of the 2gentury
should ideally be equipped with.

Various abilities and skills can be considered elets of 2¥-century ICT capabilities.
Of particular importance are six C's: Computatiorthinking, Coding, Creation,
Communication, Collaboration, and Competition, 6C421C” (six C’s for the 21
century).

To define the concept of the “Ptentury type skill,” the nonprofit organization P2
(Partnership for Z1 Century Learning) presented the “Framework fof' Zientury
Learning” in 2008. The concept was also define@@i2 by ATC21s (Assessment &
Teaching of 2% Century Skills), a project focused on*2dentury type skills. ICT skills
are an important component of the above framewncdkdefinitions.

For example, in P21's framework, the core knowledgd three skills learners must
acquire are as follows (this indicates the sigaifice of ICT skills in the framework):

« Content Knowledge and 2LCentury Themes

* Three Skills
o0 Learning and Innovation Skills
o Information, Media, and Technology Skills
o Life and Career Skills

In this book, ICT skills in particular are recogeiz as essential for improving more
fundamental abilites such as creativity, coopeeatess, and logic by utilizing
information, media, and ICT technology. In recesans, developed countries have been
actively promoting development of programming skilincluding understanding of
algorithms, in elementary and secondary education.

In light of these circumstances, “2tentury ICT capabilities” in this book refers to
both ICT skills and programming skills themsel@s well as the capabilities thought to
be acquired by utilizing a wide range of ICT skillthe elements of these capabilities
include Computational Thinking, Coding (Programmin@reation, Communication,
Collaboration, and Competition. Nurturing thesé&-2&ntury C’s should build upon the
traditional 3R’s (reading, writing, and arithmeti€ne feature of this book is its focus
on measures in elementary and secondary educatiofoster 2¥-century ICT



capabilities.
(2) Measures to foster 2tentury ICT capabilities in developed countries

Since the early 2010s, developed countries hava hetively developing Ztcentury
ICT capabilities. As a remarkable example, the Urlade “computing” an independent
and compulsory subject at primary and secondarpashin 2014. In addition to the
introduction of computing as an independent andmdsory subject, there are several
cases in which content related to*2entury ICT capabilities is included in each
subject and elective course. Because these effottkl serve as a reference for APT
countries, this chapter introduces the leadingaitivves and measures described in each
chapter.

(3) Necessity of fostering 21st-century ICT cagéibg in APT countries

Efforts to foster 2%-century ICT capabilities have been seen outside diveloped
countries as well. For example, Malaysia introdu¢edmputational thinking” and
“computer science” to the National Curriculum, whidefines the learning contents for
primary and secondary schools, in 2017. Behind suolvements is the increasing
importance of ICT in economy and society. Undeséheircumstances, there is growing
recognition of the necessity of 2tentury ICT capabilities for the next generation,
even in semi-developed and developing countries.

3 How to foster 2f-century ICT capabilities for the next generation h APT
countries

(1) Nurture 21st-century ICT capabilities as basiements of elementary and
secondary education

Given recent wide-ranging application of Artificiadtelligence (Al) technologies and
deployment of 10T (Internet of Things) products aeavices, ICT will undoubtedly be
widely used in society in future. It is expecte@tthCT will be used not only in
traditional Internet services, but also in a widage of fields such as transportation,
energy, administration, education, and the medindlagricultural fields.

In this sense, human resources with the abilitskitifully handle ICT and to creatively



develop future society and industry are needed iwmide range of fields. Fostering
21%.century ICT capabilities in the next generatiorais important effort with social
significance not only for developed countries, talso for semi-developed and
developing countries, which will promote the Foumldustrial Revolution utilizing Al
and loT.

Various countries in the Asia-Pacific region papate in the APT, and their social,
economic, and cultural backgrounds are diversererhee also important differences
regarding industrial structure, educational systeand ICT fields.

Additionally, because Zicentury ICT capabilities are not a single abilityt a set of
various skills, knowledge, abilities, and attitudiéss possible to implement them using
diverse approaches. In such approaches, as dffarésious countries have grown more
active since the early 2010s, the target age has losvering. Traditionally, ICT ability
has been treated as a specialized skill, mainlgred in subject courses of the higher
education and university level. However, the insheg efforts of the 2010s target
elementary and junior high students, as well azeris for lifelong learning. This
indicates that ICT ability is becoming a basic resity that all people must acquire.

(2) Three common requirements for fostering 21stoy ICT capabilities

In some APT countries, efforts to foster'&¥entury ICT capabilities have already been
seen, but measures at the primary and secondamatmiu levels are expected to
increase in future. Therefore, we focus on meastoedoster 2%-century ICT
capabilities at the primary and secondary educds¢ivels, and conducted literature and
field surveys to prepare this book. From these eqsy we found three common
conditions considered beneficial to any countryhivig to promote 2kcentury ICT
capabilities at the primary and secondary educd¢iosi.

These conditions are as follows:

1. Formulation of policies for developing 2tentury ICT capabilities with a
socioeconomic vision for the next-generation sgciet

2. Reform of the educational system at the nationakllewith respect to
21%century skills.

3. Enhancement of learning opportunities with bottgm-efforts through
cooperation and networking between industry, gavemt, and academia.



From the literature and on-site surveys, we folrad several countries were promoting
21%-century ICT capabilities with a socioeconomic eisiand strategies for nurturing
the next generation, not only in Europe and the. b8 also in APT countries. These
visions and strategies serve as a foundation foreldping legal systems and
frameworks to promote concrete measures.

Additionally, the fact that vision and strategy asbared by society as a whole
contributes to smooth cooperation between stakenaldTwenty-first-century skills
emphasize more creative and problem-solving skitid abilities. To that end, it is
necessary to expand learning opportunities to delnew skills and abilities, not only
in school education but also in society as a whblewever, the use of ICT was
generalized only in recent decades, and techna@bgmovation is extremely rapid.
Therefore, cooperation between private companidshanprofit organizations, some of
which may be supported by private companies toedtechnological innovation and
dissemination of ICT, is an important requirementdeveloping practical 24century
ICT capabilities.

(3) Various approaches to realizing the three meguents for 21st-century ICT
capabilities

There is no single approach to realizing the abibwee requirements, rather various
methods and options according to the circumstaaoteach country. For example, it is
desirable that the socioeconomic vision for thetnganeration (requirement 1) is
consistent with the country’s actual socioecononsituation. In fact, unique
socioeconomic visions have been formulated in Eeirdpe U.S., Japan, and APT
countries according to their individual situatiohs.addition, it would be beneficial to
clarify the image of the human resources of thet gexeration, and how to link the
vision with 2f-century ICT capabilities according to each coustsjtuation.

Likewise, various approaches are possible to nariff-century ICT capabilities by

implementing national education reform. In the ca$echallenges in strengthening
mathematics and science subjects in the U.S:c@ftury ICT capabilities could also be
nurtured as part of the solution. Additional opsoexist, such as the introduction of
computer science courses in the U.K. It should tked) however, that the resources
(budget, personnel, experience, etc.) availablénfiptementing ICT teaching materials,



teacher training, and preparation of school ICTiremments necessary for realizing
educational reform differ from country to countiyhere such resources are abundant,
short-term nationwide introduction of independeunbjscts is possible; medium-term
efforts are more desirable for countries with fevesources.

Under these circumstances, noteworthy efforts afegomade in various countries to
expand learning opportunities regarding“2&ntury ICT capabilities using a bottom-up
approach through collaboration between industryegunent, academia, and society.
According to our surveys during this project, thame numerous examples of best
practices and cases for expanding learning opptigsnregarding 2kcentury ICT
capabilities through the activity of nonprofit orgzations, some of which are supported
by private enterprises eminent in the U.S.; throagbperation by universities, as in
New Zealand, where a new learning material (“Ungldj) was developed; and
through, for example, the report of the Royal Sgcievhich advanced educational
reform in the U.K. In addition, efforts to strength collaboration between industry,
government, and academia led by governmental fivitig, as in Malaysia, are a highly
effective approach. Through collaboration betwewlustry, government, and academia,
trial efforts are possible at preliminary stagefot®uniform introduction to all schools,
as well as projects targeting talented studentsb®@¥eve that such trials are useful in
establishing measures to fostef'2kntury ICT capabilities that are appropriatette t
circumstances of each country.

4 Structure of this book

Based on this brief introduction, this book introds examples of best practices and
cases in each chapter according to the three mqgairts presented above. The
composition of this book and the outline of eachpthr are as follows.

Introduction - 2i“century ICT capabilities for the next generation

This chapter described the purpose of this book thedconcept of Zicentury ICT
capabilities. Based on efforts in developed coastrio expand Z%century ICT
capabilities, this chapter pointed out the necgsdisimilar efforts in APT countries. In
addition, we presented three common requirementdefieelopment of Zicentury ICT
capabilities for the next generation of APT cowetriln the following chapters, these
three requirements will be discussed in detail.



Chapter 1 - Vision for the next generation anddasy 2f-century ICT capabilities

Chapter 1 discusses the approaches of the U.Sseamalal countries in Europe and the
APT concerningformulation of policies for developing 21%-century ICT capabilities
with a socioeconomic vision for the next generation. We additionally summarize the
features of each country’s efforts based on itsnesoc and social development and
improvement of school ICT environments, with refe® to basic statistical data.
Chapter 1 shows that with a vision for the next egation, policy formulation,
construction of institutional frameworks, and vasoother measures can be developed
smoothly.

Chapter 2 - Development of school curricula todogfcentury ICT capabilities

Chapter 2 introduces the approaches of the U.SttendEuropean and APT countries
regarding reform of the educational system at the national level with respect to
21%-century skills. School curriculum reforms are classified intoethitypes—the CS
compulsory independent subject type, the integr&€HM type, and the 2century
skill type—and the characteristics of each are sanmed. In addition, Chapter 2
presents a combination of several measures fomedd educational systems, including
a curriculum preparation for training “2tentury type skills,” teaching material
preparation, faculty support, and so on, accordmghe aims and situation of each
country.

Chapter 3 - The role of industry-government-academollaboration in fostering
21%.century ICT capabilities

Chapter 3 presents the best practices and appathiee U.S. and countries in Europe
and the APT countries concerninghhancement of learning opportunities with
bottom-up efforts through cooperation and networking between industry, government,
and academia. In Europe and the U.S., nonprofit organizations quite active and
contribute to expansion of learning opportunitiegarding 21-century ICT capabilities
by developing and offering advanced learning t@oid services, both nationally and
globally. We also introduce the efforts of some Agduntries to create new networks
and collaboration between industry, governmentdewaa, and stakeholders.



Conclusion - Fostering 24century ICT capabilities in the next generation ART
countries

To serve as a reference for APT countries in impleiing measures related to
21%century ICT capabilities, the final chapter sumizes the approaches and cases
presented in Chapters 1 to 3, categorizes the genération visions and school
curriculum development types, and briefly descritiescharacteristics of collaboration
in each country between industry, government, aratl@mia referred to in previous
chapters.

The contents of this book are based on variousigatlins and websites, information
gathered during field research conducted in fouttemast Asian countries (Singapore,
Myanmar, Thailand, and Malaysia, May to June 20Xf)d information gathered

through an independent research project of the FMM®. and Finland, September
2016).



Chapter 1 - Vision for the next generation and 2%-century ICT capabilities

Introduction - Next-generation vision in the Fourthdustrial Revolution and
development of ZLcentury ICT capabilities

In recent years, movements to expand computer ceieducation (including ICT
literacy and programming) in primary and secondeducation are increasing in
Western and Asian countries. Simultaneously, tlieneorldwide change in industrial
structure due to the Fourth Industrial Revolutionpfovement of the service/industry
ratio in each country’s GDP, improvement of produtt using ICT, etc.).

The Fourth Industrial Revolution has also causechange in the consideration of
human resources who can actively contribute toetpcEfforts to foster Zicentury
skills at the primary and secondary education keahn be understood as a reaction to
the emergence of a new vision for human resourtesaddition to actions by
government and educational institutions, effortsdmiwate companies and nonprofit
organizations are growing more active. The formamtcbute by expanding learning
opportunities through planning related curricula aarriculum revisions, and the latter
by offering hands-on programming and robotics opputies as after-school activities.

As reasons increase for such society-wide effart®ster next-generation ICT human
resources at the primary and secondary educativelsle national vision for the
next-generation socioeconomic future and natiotvategy for realizing this vision are
vital. In the era of mass production, economic@eti planned by the government had
some effectiveness. However, with the Fourth IndaisRevolution, not only are human
resources and abilities to provide high-qualityvesss and products utilizing ICT
needed; society itself is also transforming.

Under these circumstances, formulating and shaimgxt-generation socioeconomic
vision and national strategy are a foundation fatalklishing the institutional
development and policies that will lead to the rena. Additionally, if the vision and
strategy for the next generation are shared, itlvéleasier to gain understanding and
cooperation from stakeholders. In fact, in the UEBuropean countries, and others, a
vision and prospect for the next-generation socnemic future are shared among
society, which aims to enjoy the benefits of theufflo Industrial Revolution by
responding to the social and economic changeigsr



This chapter presents three cases from Europelent) 1S. and four cases from APT
countries showing how 24century ICT capabilities are reflected in each ritous
next-generation socioeconomic vision. In addititms chapter categorizes the vision
and strategy of with reference to basic statistiash as the competitiveness of each
country, the ICT environment of the school, andbeo Finally, policy requirements or
institutional conditions are considered in termgulf development of Zkcentury ICT
capabilities.

1-1 Global economic competitiveness in Europe &eddt.S. and fostering 21st-century
ICT capabilities

(1) U.S.: Innovation strategy and measures to gthem STEM education

The U.S. government has recognized that strengigerscience, technology,
engineering, and mathematics (STEM) ability is spdinsable in maintaining and
developing the environment for industrial compeditiess and innovation.

During the Obama administration, development obuative educational technology
and promotion of human resources development wetaded in a series of Strategies
for American Innovation presented in 2009, 2011d @015. Additionally, computer
science was positioned as a core learning subjeeteimentary, secondary, and higher
education in the “Every Student Succeeds Act’” (Ep®#at came into effect in
December 2015. Under the Trump administration distedd in 2017, the President’s
memorandum of understanding in November 2017 sthtgdexpansion of high-quality
STEM education and computer science education woaritinue in 2018.

The background to such efforts is the issue thainger American generations’
achievement in STEM remains lower than that of garand advanced Asian countries.
In addition, given a lack of human resources capalblresponding to jobs requiring
advanced IT skills, nonprofit organizations suchCasle.org and IT companies have
begun actively providing programming learning ogpoities.

(2) U.K.: Emphasis on computer science as a basisternational competitiveness

In the U.K., during the Cameron administration elkshed in 2010, a direction was set
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to fully revise the National Curriculum (equivaleiot Japan’s educational guidelines),
aiming to improve teacher quality and class lewrdtoduce a world-class educational
system, eliminate education gaps, and so on.

This educational reform was characterized by tigbitaboration between industry,

government, and academia to raise the standardcadeaic ability, which is the

foundation of international competitiveness thaparts economic growth. Notably,

computer science became an independent and compusbject in primary and

secondary schools as of 2014. At that time, thesgomts community Computing At
School (CAS) played a leading role, and the Royatiy, a science academy,
developed an academic and theoretical framework.administration also supported a
private project to disseminate programming skil),K.’s Year of Code,” which began

in 2014.

In recent years, the range of CAS’s work has expdndnd the Network of Excellence
(NoE) was formed. The NOE cooperates with variaggmizations to build and provide
a nationwide support system to meet local nee@ds$sgetion 3-2).

(3) Finland: Emphasis on entrepreneurial spirit BZiO skills in globalization

In Finland’s educational system, public educatisrthe standard. They reformed the
educational system in the 2010s to maintain arehgthen high-quality education and
nurture the next generation as citizens, rathen thacus on national industrial

competitiveness and innovation. In Finland, thexggle of the educational policies is
to make high-quality education accessible to adipgbe equally.

Finland’s national curriculum was revised in 20B6ompting this revision, it was noted
that the abilities required for society and futwerk had changed since globalization
spread as far as the classroom in the early 208QGzeover, Finland values

entrepreneurial spirit, creative and innovativenkimg, risk taking, and the ability to

plan and act to achieve goals.

The National Curriculum, which has been in operatisince August 2016, is
characterized by introduction of seven Transve@ahpetences. ICT skills are among
these competences, and programming is included eiated subjects such as
mathematics. In Finland, ICT usage environmentsdhiools have been improved,
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teacher quality is high, and PISA learning outcotmgshe OECD are ranked at the top
level.

1-2 Vision for next-generation society in APT caigg and 21st-century ICT
capabilities

(1) Japan: Industry competitiveness conference anthpulsory programming
education in elementary school

In Japan, IT literacy education was introducedl@mentary and junior high schools in
2002, and “information,” a new compulsory subjeess introduced in high school in
2003. Additionally, since the mid-2000s the Minystsf Education, Culture, Sports,
Science and Technology (MEXT) and the Ministry afiteknal Affairs and
Communications (MIC) have promoted human resoumeldpment in the IT field to
acquire advanced skills at the higher educatioallev

A plan to make programming education compulsonelgmentary school starting in
2020 was presented at the 26th Industrial Competigss Council of the Prime
Minister’s Office, held in April 2016, thereby festng young people who could lead
the Fourth Industrial Revolution under the circusmsies of declining birthrate and
aging population. In 2017, prior to full implemetita@ of the curriculum guidance for
defining the basic standard for education schedunezD20, the Japanese government
declared that industry and educational institutiomsuld collaborate to promote
full-scale introduction of programming education sathool through the platform of
nonprofit organizations, such as the newly establis“Future Learning Consortium”
and others. With these measures, Japan is workirgpth curriculum reform in public
education and expansion of afterschool learningodppities through collaboration
between industry, government, and academia.

With respect to expanding afterschool learning opities, since 2016 MIC has been
working on a project using cloud services to derrates low-cost and effective
implementation methods for programming educatieadér training methods, and so

on.

(2) Singapore: ICT talent and human resources dpuent toward “Smart Nation”
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Singapore is a city state with a small geographéceh and no resources. Therefore,
adopting the position that globally connected eooicodevelopment was its only
chance of survival, the Singaporean governmenthasn industrial development. The
Singaporean government led the securing of talehtadan resources of society as a
development bureaucrat and systematically organizédvelopment related
organizations The government also participated his tdevelopment, attracting
companies and improving the country’s business renment. Under these
circumstances, the “Smart Nation” initiative wasiaanced in November 2014, with
the goals of making Singapore a seamless, smaet ssing technology and realizing a
meaningful and fulfilling national life.

Singapore also works to train ICT human resources fan early stage. Its efforts are
characterized by emphasis on discovering and fogtdalented ICT personnel and
cooperating with vocational education while utiigilearning opportunities outside the
school. In Singapore, the activities of extracwdac “Infocomm Clubs” and the
National Infocomm Competition provide opportunities students interested in IT to
learn and compete.

In August 2016, the “Skills Future Singapore” puaijavas established under the
umbrella of the Ministry of Education to developop&’s skills, and this contributes to
human resource development in the IT field. Addilly, the Infocomm Media
Development Authority (IMDA) introduced the “Code @G” initiative in 2017 to
provide computational thinking education to childiend students at the basic education
stage. IMDA also provides the “Code for Fun (CFR)riehment Program” for
elementary school students, which offers varioug@mming learning opportunities
outside the school.

(3) Malaysia: Promotion of Malaysia Blue Ocean figg and ICT human resource
development

Malaysia is advancing the “Malaysia National Deyatent Strategy” (MyNDS)

through the framework of the national economic sodal development plan “Eleventh
Malaysia Plan (2016-2020).” The strategy’s objezdiare growth of GDP, expansion of
investment, development of financial markets, proomoof employment, improvement
of living, social inclusion, and so on. To realiteese goals, Prime Minister Najib has
advocated a national growth strategy, “MalaysiaeBdcean Strategy” (NBOS) and

13



promotes change in the economy, government, andtgoc

In Malaysia, computational thinking became a corspry subject in primary and
secondary schools in January 2017. This is thedase in Asia to make these subjects
compulsory (see Section 2-1, paragraph (2)). Theigito balance two goals: fostering
excellent digital human resources to drive econateicelopment, and ensuring digital
inclusion of all citizens.

Under NBOS, the National Strategic Unit (NSU), atwf the Ministry of Finance,
promotes the computing project “Coding @ Schoots”dhildren and students through
the entrepreneurship training organization “Stavtafaysia.” “Tech Human Resources
Development and Promotion of Innovation” is ondapibf MDEC (Malaysia Digital
Economy Corporation), which operates under the $fipi of Communications and
Multimedia. As part of this, they promote a projéat young people to promote and
develop digital skill, “#mydigitalmaker.”

(4) Thailand: Vision for a digital society and protion of integrated STEM education

Within the framework of the 12th National Econonaind Social Development Plan

(2016-2021), the Prayut administration promotesateyy to increase the appeal of the
economy as a production and control center withenASEAN region and to improve

international competitiveness by refining industséructure and investing in human
resource development and R&D. Specifically, Thallamplemented investment

promotion and cluster policies. The latter aimsdavelop the high-tech industry by

combining industry sectors and regions throughoesrincentives.

In Thailand, STEM education at the K-12 level is\aety backed by the Department of
Education and the Institute for the Promotion ofdi@ng Science and Technology
(IPST), which serves as the foundation for prongpnience and technology education
nationwide. Reacting to the economic growth andymss of industrialization among
middle-income countries, Thailand has respondectktjuito the trend of STEM
education in the U.S., and has continued its intctidn and implementation. IPST
announced “Thailand STEM Five-Year Master Plan 822@19)” in 2015. The plan has
two pillars: 1) STEM for education, and 2) STEM ti@velopment of human resources.

STEM education in Malaysia is characterized byais to integrate between and
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among subjects. To promote integrated STEM edutatiegional STEM education
centers are in charge of dissemination activittab@ regional level, working with each
prefectural advanced education institution.

1-3 Socioeconomic conditions and direction for zZdsitury ICT capability
development

(1) Competitiveness of each country, ICT developnséatus at schools, and academic
achievement at age 15

As shown above, various efforts to nurturé-2g&ntury ICT capabilities are seen in both
advanced and APT countries. The diversity of thedfats is explained by the differing
socioeconomic situation of each country; this leeadslifferences in the placement of
21%.century ICT capabilities in policy objectives.

Table 1-1 shows the proportion of the service itigus GDP and the Gini coefficient,
centered on the competitiveness ranking of indesstaf IMD or created countries. In
addition, the table shows the number of computess gtudent, the proportion of
students who use computers at school, and the PERA score from the OECD data.

Table 1-2 Basic statistical data on socioeconomiormditions, ICT environment, and
PISA math score

Service Percentage d
IMD competitiveness ranking| Number of
industry as a Gini students whd
(Digital Competitiveness) students per PISA math
Ranking percentage o] coefficient use compute
(2017), [WEF competitivenes computer score (2012
GDP (2016, (year) at school
rankings] (2017-2018) (2012)
*2015) (2012)
#1 Hong Kong (7) [6] 92.7* 53.7 (2011) 2.2 83.8 561
#2 Switzerland (8) [1] 73.8* 29.5 (2014) 2.7 78.3 531
#3  |Singapore (1)[3] 73.8 45.8 (2016) 2.0 69.9 573
#4  |United States (3)2] 78.9% 40.0 (2007) 1.8 - 481
#5 Netherlands (6) [4] - 30.3 (2015) 2.6 94.0 523
#6 Ireland (21) [24] 57.5 31.3(2013) 2.6 63.5 501
#7 Denmark (5) [12] 75.0 28.8 (2015) 24 86.7 500
#8 Luxembourg (20) [19] 87.4 30.4 (2013) 2.2 - 490
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#9  |Sweden (2) [7] 72.7 24.9 (2013) 3.7 87.0 478
#10 [U.AE. (18)[17] - 4.2 434
#11  |[Norway (10) [11] 65.8 26.8 (2010) 1.7 91.9 489
#12 |canada (9) [14] 32.1 (2005) 2.8 518
#13 |Germany (17) [5] 68.9 27.0 (2006) 4.2 68.7 514
#14  [Taiwan (12) [15] 33.6 (2014) 5.8 78.8 560
#15 |Finland (4) [10] 70.6 21.5 (2015) 3.1 89.0 519
#16 |New Zealand (14) [13] 36.2 (1997) 1.2 86.4 500
#17  |Qatar (28) [24] 47.6 - 4.2 376
#18 |China (31) [27] 51.6 46.5 (2016) 2.9 38.3 613
#19  |United Kingdom (11)[8] 80.2 32.4 (2012) 1.4 494
#20 |iceland (23) [27] 71.0* 28.0 (2006) 4.1 81.9 493
#21  |Australia (15) [21] 73.1 30.3 (2008) 0.9 93.7 504
#22  |Israel (13) [16] - 4.7 55.2 466
#23  |Belgium (22) [20] 77.0 25.9 (2013) 2.8 65.3 515
#24  |Malaysia (24)[23] 55.7 46.2 (2009) 16.7 421
#25  |Austria (16) [18] 70.7 29.2 (2013) 2.9 81.4 506
#26  |Japan (27)[9] 70.0% 37.9 (2011) 3.6 59.2 536
#27  [Thailand (41)[32] 55.8 44.5 (2015) 3.1 427

Source: Created by the author using data from IIECD, etc.

(2) Characteristics of each country’s approach ftbeperspective of basic statistical

data

a. Singapore: Maintaining competitiveness and deveping next-generation ICT
talent

In Table 1, Singapore earned the highest competiéss ranking, and ranked first in
digital competitiveness among the countries covémetiis chapter. However, the Gini
coefficient is also high in Singapore, suggesthag economic disparities exist.

The country’s initiatives regarding 2tentury ICT capability development can be
understood as an approach with focus on talenbdésy and development, as ICT
personnel training is enriched with learning oppoities outside school and vocational
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education for ICT is emphasized

b. U.S.: Bottom-up science and mathematics achievemt in social disparity and
educational system reform

In the U.S., underlying the country’s emphasis aising the level of achievement in
STEM subjects, the OECD PISA score is low, whertas IMD competitiveness
ranking is high. In response, the U.S. strengthewedhputer science learning
opportunities in public education through educatlasystem reform. Because the U.S.
is currently experiencing a shortage of IT talexnprofit organizations supported by
IT companies and other entities provide a wide etgriof programming learning
programs to broaden the IT talent pool. (see Se@id (1)).

c. Finland: Creating citizens with a high ability to respond to globalization

Table 1-1 shows that Finland’s digital competitiges is ranked fourth. Economic
disparity is small, and basic math ability is hiGilassrooms are well equipped with ICT,
which students actively utilize. Additionally, Fard is conducting educational reforms
focusing on 23-century skills to create citizens who can resptinglobalization. ICT
skills are presented as cross-sectional abilitiemray 2f-century skills. Finland’s
reform measures aim to foster citizens with highlitso which can lead to social
development in the 2'century.

d. U.K.: Strengthening international competitivenes and close collaboration
between industry, government, and academia

The U.K.’s service industry occupies a large praparof its industrial structure, as is

typical among developed countries. Economic dispdsinot as great as in the U.S. or
Singapore, nor as low as in Finland. The assumegbrebehind the U.K.’s introduction

of “computing” as an independent compulsory subjacprimary schools is that the

country gave priority to improving academic achi@eat as the basis for strengthening
international competitiveness. Close collaboratibatween industry, government,

academia, and citizens has proceeded quickly ammbtbiy throughout the process

from policy formulation to introduction of the nesmrriculum.

1 Recently, Singapore also promotes integrated type STEM education. See 2-2 (3).
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e. Malaysia: Top-down next-generation human resoues development aiming to
enter developed countries

Malaysia is rapidly climbing the competitivenesskiangs. The country promotes
efficient and prompt socioeconomic developmentugtovarious master plans, with the
goal of becoming an advanced country. With respecfostering 2i-century ICT
capabilities, Malaysia actively expands computiearhing opportunities at the primary
level through measures implemented under the ratgnowth strategy “Malaysia Blue
Ocean Strategy” (NBOS), in which high-impact andvdoost measures have been
carefully selected.

f. Japan: Fostering next-generation human resourcesn the face of declining
birthrate and aging population

In Japan, the PISA math score is high and classsoara well equipped with ICT
environments, as the proportion of service indestin GDP is growing. However, the
industrial competitiveness rank is declining, amdremic disparities are expanding.
Given the social trends of declining birthrate aamging population, the Japanese
government initiated a new policy to make prograngra compulsory learning item in
elementary school as of 2020, thereby fosteringhgeu generations who can lead the
Fourth Industrial Revolution. In preparation foiistt2020 introduction, the Japanese
government is conducting demonstration experimeatsl building cooperation
channels between industry, government, and academia

g. Thailand: Emphasis on science and mathematics dnmprovement of legal
framework

In Thailand, competitiveness is ranked right nextJapan. The country is currently
developing its legal system based on its visiorttierdigital economic society, and it is
expected that implementation will be promoted ire thear future. School ICT
environments are currently undergoing a processingprovement, but future
implementation of various measures proposed arg0t8 should be noted.

Conclusion - View of human resources for next-gatien industries and society and
21%-century ICT capabilities
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In this chapter, we briefly outlined vision for thext generation and measures related
to 2TFcentury ICT capabilities in the West and APT coiest and examined each
country’s features using basic statistical datahWithe scope of the investigation for
this chapter, countries that are aggressively pugsRT-century ICT capabilities have
formulated social and economic visions and stragetpr the next generation. Although
these visions and strategies differ according ¢éoettonomic and social circumstances of
each country, they include the following three goal

1. Fostering next-generation human resources to gtrenginnovation and
industry competitiveness

2. Fostering next-generation human resources capalfle responding to
globalization

3. Creating next-generation citizens who will liveardigital society

With respect to item 1, countries must cultivatenhn resources who can find solutions
to real-world challenges using new ideas, not datyre IT human resources who will
engage in system and software development, buthais@n resources in the economy,
in which the service industry is expanding.

Item 2 indicates that ICT skill has become indigadate for the next generation’s ability
to respond to globalization, as economic globabratand the ICT industry are
progressing concurrently.

Item 3 is based on a broader view of'2&ntury ICT capabilities. It focus on more
general, higher human capabilities such as logitaking and creativity, with a view to
human resources who can communicate using ICT aritipate in a digital society.

Although the focus placed on these three viewpougses in proportion, all are
addressed to some extent in each country’s measlhesefore, it is important to
consider these three perspectives when settinglaaing vision and direction among
society as a whole, thus forming the foundationddegal and policy framework for
fostering next-generation human resources with@htury ICT capabilities.
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Chapter 2 - Development of school curricula to fostr 21%-century ICT capabilities

Introduction - Three types of school curriculum isian to foster 2%-century ICT
capabilities

There two basic approaches to fostering and expgnaif'-century ICT capabilities:
revising school curricula and expanding learningarpunities outside schools. With
respect to the former, it is sometimes difficuliriroduce new learning content or items,
partly because the total learning hours at schamsnot flexible and partly because
curriculum revision is a complex task. Howeverttaes importance of ICT continues to
rise, several countries have recently revised pubichool curricula to expand
21%.century ICT capabilities.

Movements to reform public school curricula at tirénary and secondary education
levels has spread to the APT countries as welluase and the U.S., as mentioned in
Chapter 1. However, various approaches and relaessures to revise public school
curricula are seen in each country.

This chapter focuses on efforts related to devetaprof 2£-century ICT capabilities,
especially with respect to public school curriculuevision at the primary and
secondary education levels. This book’s surveysvsldothat revisions to educational
curricula to foster Zkcentury ICT capabilities can be roughly classifietb three
types: 1) the computer science (CS) compulsory gaddent subject type, 2) the
integrated STEM type, and 3) the*2dentury skill type. From the observed cases of
each country's curriculum revision, multiple appbes and even combinations of
several approaches were seen. This indicates #niamtue approaches can be employed
when revising school curricula to foste'2dentury ICT capabilities.

2-1 CS compulsory independent subject type: Emphasbasic understanding of CS
One method used to revise school curricula to @gvelf-century ICT capabilities is
introduction of new independent compulsory subjsatsh as computer science. A trend
in recent cases showed countries introducing C8lu@ing related subjects) as an

independent compulsory subject in primary schoacaton.

Table 2-1 summarizes the introduction of ICT-redaseibjects or learning items at the
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primary and secondary level in each country. Dagaewetrieved from the “Survey
Research Report on Programming Education in Otloem@ies” published by MEXT

in 2015.
Table 2-1 ICT-related subjects/learning items in egh country
Independent Elective/ Target (P: Primary.
Country Name of Subject
Subject/Learning Iten] Compulsory S: Secondary)
U.K. Computing Subject Compulsory PandS
Estonia Informatics Subject Elective P
France Information Digital Science Item Elective S
Germany Informatics Subject Elective S
Finland - Item Compulsory Pand S
Italy Informatics Unknown Elective Pand S
Sweden Technology Subject Elective S (and vocdltior
education)
Hungary Informatics Subject Compulsory/EIP (compulsory)
ective and S (elective)
Portugal EduScratch Unknown Unknown Pand S
Russia Informatics and ICT Item (P), Subject (§)  mpalsory Pand S
U.S. and - At each school's - -
California discretion
Ontario, Canada Computer Studies Item (P), Sulpict Elective S
Argentina? Computing/Programming Subject Elective S (and tional
education)
Korea Jikka'® (P); Technology and Item Compulsory/El| P (compulsory)
Home Economics, ective and S (elective)
Information (S)
Singapore Computer Applications Subjéct Elective S
Shanghai, China Information Science and Subject Compulsory P (compulsory)
Technology and S (elective)
Hong Kong ICT (including programming Subject (Geale Compulsory S
Skills)
Taiwan Information Subject Elective Pand S
India ICT, Computer Science Item Elective Pand S
Israel Computer Science Subject Compulsory S (bajiool on)
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(partial)
Australia Digital Technologies Subject Compulsoty/EP (compulsory)
ective and S (selective)
New Zealand Digital Technologies Subject Elective S
South Africa Information Technology Subject Eleetiv | S
Japan - Item Compulsory/El| P and S
ective

" ICT is included as one of seven basic abilitiesécompetencies).
"2 Compulsory in standard school: technology course.
"3 Technology and home economics subject.

Source: MEXT (2015), “Survey Research Report orgRnmming Education in Other Countries.”

As shown in Table 2-1, CS subjects and ICT-reladebljects are introduced in a
relatively large number of countries, but few coig# require them as compulsory
independent subjects, as in the U.K. and Austrélm.of 2014, the U.K. introduced
“Computing” as a compulsory independent subjecsdhools to implement computer
and science education for younger generations.ustrAlia, the “Digital Technology”
subject was introduced in primary schools in 204716 in some schools to prepare for
full-scale introduction). This section provides @eb overview of the background and
characteristics of both these countries.

(1) U.K.: Primary and secondary school subject "@otimg"

The Cameron administration in the U.K. revised Maional Curriculum and made
Computer Science a compulsory learning subjedtenidte 2000s, under pressure from
industry and academia, which felt a sense of cwsisr the content of information
education in the U.K.. This revision introducedeawrindependent subject, “Computing,”
s compulsory education for 5- to 15-year-old stiwsiereplacing the previous“ICT
(Information and Communications Technology)” subjec

The learning content of the new subject is base@ @aport entitled “Shut down or
restart? The way forward for computing in UK sclspbpublished by the Royal Society
in 2012, In this report, the Royal Society noted the latiiins of the previous ICT
subject, which dealt only with basic digital liteyasuch as using word processing and

2 https://royalsociety.org/topics-policy/projects/computing-in-schools/report/
httpsi//royalsociety.org/~/media/education/computing-in-schools/2012-01-12-computing-in-schools.pdf
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database software, and it recommended the follawing

1. Revision and redefinition of the term “ICT” and leaning items

2. Training of teachers responsible for computing scitsj and setting targets for
the number of teachers

3. Improvement of infrastructure and teaching matsiiialschools

4. Promotion of introducing computing subjects in sako

5. Development of computing educational qualificatioasd construction of
related institutional frameworks

For their first recommendation, they suggesteduticlg digital literacy, information
technology, and computer science to the “Computisgbject as necessary learning
items in U.K. information education. It is notablleat the report comprehensively
organized necessary measures for introducing the subject in the first and forth
items above, and suggested the second and fiftisjtenprovement of teacher quality
and school ICT environments, in combination withestitems. When implementing the
new subject into the National Curriculum, Closelawmbration and networking between
industry, government, and academia supported th@omade introduction and
implementation of the new subject into the Natio@alriculum, including support for
teachers and school ICT environments (see Seci®)n 3

(2) Australia: Primary and secondary school subjpaital Technologies"

In Australia, although educational content varigenf state to state, a unified
nationwide curriculum has been implemented basedthen “National Education
Guidelines” formulated in the later 1980s. Howeusgcause each state has authority
over its educational measures, implementation @fNhational Curriculum varies from
state to state.

The current nationwide unified curriculum was amea in September 2015 and has
been implemented in each state sequentially sir@E5.2This revision made the
independent subjects “Design and Technologies” didgital Technologies”
compulsory in primary and secondary education. Tdmantry’s curriculum is
characterized by its recognition of ICT ability ase of the general abilities in the
National Curriculum developed and formulated at fleeleral level, and by its
introduction of “Digital Technology” as a subject tultivate ICT ability (see Section
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2-3 (3)).

Figure 2-1 ICT capability as a general ability, &idital Technologies as a subject

(‘: | R & Download contg}
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Source: Australian Curriculuin
(3) Malaysia: Gradual approach to introduction @bfnputer Science”

Malaysia has adopted a gradual approach considehegdevelopmental stage of
students in its curriculum development to fostet-@dntury ICT capabilities, which
places emphasis on computational thinking.

In Malaysia, learning items including “Computatibn&hinking” and “Computer

Science” were introduced to the Revised Standardic@lum for Primary Schools

(KSSR) for primary education as of January 2017esEhlearning items were
implemented into primary education by weaving thino all subjects, rather than
establishing new subjects. However, Malaysia inioadl “Computer Science” as an
independent subject for grade 1 of secondary enurcat 2017, and will introduce it for
grade 4 in 2018.

To prepare for introduction of the new curriculuaver 17,000 teachers were trained
from 2016 to September 2017 under the initiativeth&f Ministry of Education. The
curriculum has been introduced to over 10,000 pynsahools nationwide, accounting
for 1.2 million primary school students. The cuatiom was developed by MDEC with
reference to “Computing at School” in the U.K. (&etion 3-2) and CSTA in the U.S.
(see Section 2-2 (1)).

3 https://www.australiancurriculum.edu.au/f-10-curriculum/technologies/digital-technologies/
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2-2 Integrated STEM type: Development of practarad applied STEM learning
(1) U.S.: Strengthening STEM education and prongotiomputer science for all

In the U.S., there have been two approaches toovmmpy STEM achievement level and
opportunities to learn computer science. One isttipedown approach taken by the
presidential office, and the other is the bottomapproach taken by individual states
and NGOs.

A unified national curriculum has not been formathin the U.S., and curricula thus
differ according to school. However, many statesluding Arkansas and Virginia, have
made computer science and information literacy adsgpy in grades K-8
(elementary/secondary level).

To strengthen STEM education, the Obama administrdaunched the nationwide
“Educate to Innovate” campaign in November 2008leasures introduced by this
campaign have supported young people in collalmorativith science- and
technology-related major companies, foundationshpnafit organizations, and
academia, aiming to strengthen STEM education arsg mchievement from mid-level
to upper-level in the next ten years. In addititre Obama administration established
emphasis on STEM education, utilization of techgme, and utilization of
non-traditional education methods when in an ameminto the Every Student
Succeeds Act (ESSA) in December 2015.

The “Computer Science for All" initiative was anmmed in January 2016. This
initiative noted that only an assumed one-fourthkel2 schools taught computer
science, including programming and coding, and ¢mdy 28 states accepted computer
science subjects for credit to graduate high sch®iken this, the initiative promised to
fund expansion of computer science education aacht training for K-12 education.

The Trump administration has also placed emphasiSTEM and computer science
education, with President Trump ordering in his t8efper 2017 Presidential
Memorandum to the Department of Education to stresrgboth subjects.

4

https://obamawhitehouse.archives.gov/the-press-office/president-obama-launches-educate-innovate-ca
mpaign-excellence-science-technology-en
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Other efforts by individual states and nonprofigamizations are also underway to
standardize computer science education. For exartigestate of California has been
developing a standard for computer science edutatioce 2017. The Computer
Science Teachers Association (CSTA) revised its &F12 Computer Science
Standards in 2011 and 2017, presenting standandsedoning conterit and has

contributed to improving both quality and quantitf computer science education in
schools.

(2) Thailand: Promotion of integrated STEM educatmd nationwide deployment

Like the U.S., Thailand has also promoted stremgtiteof STEM education. Thailand
regards science and mathematics education as iampddr the country. In particular,
Thailand is undertaking expansion of integrated MTé&ducation, intending for the
integration level to increase from “disciplinary” o t “multi-disciplinary,”
“interdisciplinary,” and finally “transdisciplinary At the transdisciplinary stage,
students will be able to handle real-world chalEngy utilizing knowledge of multiple
subjects. In this way, Thailand’'s approach setsgbal for students to acquire skills
leading to critical thinking and innovation based®TEM knowledge.

This approach is one measure implemented to readlwgland’s vision of increased
international competitiveness, as human resourdshigh-level STEM abilities could
contribute to enhancing Thailand’s economic cajt@sl Thus, the National STEM
Education Center, the core of 13 Regional STEM Btan Centers, works to expand
integrated STEM education. Advanced higher edunadithools from each prefecture
are designated Regional STEM Education Centers,tlaesk collaborate with STEM
education network schools in each region. Schoels/irsy as Regional STEM
Education Centers prepare classrooms, participateaining courses, develop course
materials, and share information on STEM education.

(3) Singapore: STEM applied learning program intiet at the junior high school
level

Singapore has historically engaged in human resoutevelopment eagerly. The
country has several programs and initiatives rdlate STEM education and human

5 httpsi//www.csteachers.org/page/standards
http://c.ymcdn.com/sites/www.csteachers.org/resource/resmgr/Docs/Standards/CSTA_K-12_CSS.pdf
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resource development in the computer science atfieélds. Now, Singapore is shifting
focus from elite or talent-oriented education, whplaced emphasis on examinations
and scores, to a more inclusive, practical, andtambial learning approach targeting all
students.

As part of this effort, the Ministry of Educationraounced its plan to expand the STEM
Applied Learning Program (STEM APL) in 2014. At thiene, the Ministry set a target
to increase the number of junior high schools offpiSTEM APL from 42 schools in
2014 to 124 schools by 2017.

Additionally, a new institution, STEM Inc., was aBlished at the Science Center under
supervision of the Ministry of Education. Both wddgether to support implementation
of STEM APL in schools. Examples of such suppoetude development of teachers in
charge of STEM APL, co-development of STEM less@mg] joint implementation of
lessons. Students who take STEM APL courses leaasoning, problem-solving,
scientific exploration, programming, and other IskilThe courses place emphasis on
practicality, and do not conduct tests.

2-3 The 23-century skill type: Ability to utilize ICT as a geral capability

Some advanced countries, such as Finland, Japatrafa, and others, introduced the
concept of 23-century skills and identified several general itib# that cross subjects.
In these countries, ICT-related skills and abgitege considered important components
of general/cross-subject abilities. In other wor@4¥-century ICT capabilities are
included in 2¥-century skills. In the case of Australia, sevexdf-century skills were
specified, ICT ability among them. Australia’s apach characteristically establishes
independent subjects corresponding to ICT ability.

(1) Finland: Ability to utilize ICT as a cross-sextal ability

In Finland, ICT capability is recognized as onese¥en cross-sectional abilities. Those
seven are as follows:

* Thinking and learning to learn

» Taking care of oneself and others, managing datiyides, safety
» Cultural competence, interaction, and expression
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e Multi-literacy

e |CT competence

» Work life competence and entrepreneurship

« Participation and influence, sustainable futurddbog

These cross-sectional abilities are regarded as bbsments required for citizens and
cultured human beings.

Among these abilities, ICT ability is regarded athban aspect of multilingual skills
and a learning tool. The four major learning a@@€ T ability are the following:

» Understand the principles of ICT usage, operatiang key concepts, and
acquire practical ICT abilities.

» Use ICT responsibly, safely, and ergonomically.

* Use ICT for information management, explanatiord areative work.

» Use ICT for interactive networking.

(2) Japan: Ability to utilize ICT as a cross-sentibability

The Japanese government showed the way to corecitbtiz philosophy of “fostering
zest to live” for the prospective society of 2030est to live” means the energy to live
well and survive in the coming future society, whiwill be dynamically changing, by
pursuing balanced development of well-cultivateddsmic capabilities, a sound and
warm heart, and a healthy body.

When presenting this vision, the government reteteelinguistic ability, information
utilization (including ability to use ICT), and tbleshooting and problem-solving as
abilities and skills necessary to handle modemeissThese correspond to°&fentury
skills. Additionally, ability to utilize informatin is mentioned as a cross-subject ability.
The government announced that during the transj@ariod starting in 2018 to the next
course of study guidelines, programming would bdudied in the learning items of
each subject step by step from elementary school on

In the next course of study guidelines, which waublished in March 2017 and are to

be fully implemented in April 2020, learning contem information utilization ability
and ICT utilization are shown in the course of coamgnsive learning in primary and
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secondary school. Programming learning is includemathematics, science, and other
courses in elementary school, and in technologjestsbin secondary school.

Additionally, since 2017 MIC has been implementipgojects to promote and
disseminate programming education nationwide utijzloud services.

(3) Australia: Ability to utilize ICT as a generalility of the 21st century

In Australia, the following seven general abilitiese indicated for Zcentury
education. Learning items and content are organinelér these seven general abilities.

e Literacy

*  Numeracy

* Information and communication technology (ICT) daipity
» Critical and creative thinking

» Personal and social capability

» Ethical understanding

* Intercultural understanding

Multiple necessary elements of each respectivatylsite described. Further, learning
contents for each element are organized. The medjelements related to ICT ability are
as follows:

» Applying social and ethical protocols and practices using ICT (e.g.,
recognition of intellectual property and securisg@ssment)

* Investigating with ICT

* Creating with ICT

e Communicating with ICT

* Managing and operating ICT

Furthermore, examples of learning elements aregoated to show how they should
be learned, in what grade, and in which subject.

Conclusion - Fostering 24century ICT capabilities by improving school catrda

This chapter introduced approaches taken and edtliefforts to develop school

29



curricula in each country to nurture *2dentury ICT capabilities, classifying the
approaches into three types: the CS compulsorpergent subject type, the integrated
STEM type, and the 24century skill type.

Table 2-2 summarizes the skills and abilities erspteal by each approach to develop
21%.century ICT capabilities. In the U.K. and Austaalivhere independent courses on
comprehensive subjects became compulsory natiopwidéh and science achievement
levels were relatively high. Emphasis in these toes was placed on expanding
understanding of and improving skill in computelesce. In Malaysia, computational

thinking was introduced in primary education andependent courses on computer
science in secondary education.

In contrast, the U.S. and Thailand promote integt&8TEM type education intended to
raise academic ability in math- and science-relataojects in particular. The U.S. is
promoting expansion of computer science learningodpnities, but because the
curriculum differs at the discretion of each stated each school, computer science
subjects have not been introduced as compulsorysesuat the national level. In
Singapore, focus is on application and practicatriemg of STEM at the junior high
school level.

Finally, Finland, Japan, and Australia are shiftioga framework involving learning of
21%century skills. These countries aim to nurturézeits as members of a digital
society with specific problem-solving and infornmati use skills, and academic
achievement in science and mathematics is high.

Furthermore, Australia has combined multiple apphes. These examples and cases
show that various approaches are possible to f@&fcentury ICT skills through
development and revision of school curriculum, ldase the educational system and
goals of each country.

Table 2-2 Three approaches to fostering 2%century ICT capabilities by improving
school curricula

CS compulsory independent  Integrated 21% century
subject type STEM type skill type
CS understanding and skijll
acquisition X
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Problem-solving ability using

X X X
IT
Numeric and scientifig

o X X

thinking
Human resource development

X X X
for IT field
Information utilization

X X

capabilities and creativity
Participation in digital society| X

A common feature among the three approaches is ttiegt foster ICT abilities
necessary for life in the ZTentury according to students’ developmental level

Additionally, in countries such as Singapore arel thS., efforts to foster Z4century
ICT abilities are actively implemented outside tbehool curriculum. Fostering
21%-century ICT capabilities can thus be approachenhfthe perspective of expanding
learning opportunities outside the school as well.

Based on the above, Chapter 3 will discuss the @bleooperation between industry,
government, and academia in fostering“2éntury ICT capabilities. Chapter 3 will
examine two roles of this cooperation; expandirgrrieng opportunities outside the
school and improving the effectiveness of schodlicula.
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Chapter 3 - The role of industry-government-acadena collaboration in fostering
21%.century ICT capabilities

Introduction - The role of collaboration and netking in developing 2%century ICT
capabilities

In Chapter 2, we introduced three approaches basétproving school curriculum. In
any of these approaches, the following environméaniprovements are indispensable
when tackling 2%-century ICT capabilities:

« Training teachers to foster 2tentury ICT capabilities (including CS and
STEM subjects)

« Developing learning materials and tools suitableféstering 23-century ICT
capabilities

* Improving ICT environments (networks, computers,)atecessary for fostering
21%.century ICT capabilities

However, because fostering *2dentury ICT capabilites is a relatively new
phenomenon, practical knowledge has not been mirifly accumulated in
governments and schools to develop the above etsp@ren from a global perspective.
Under these circumstances, the activities of nditpooganizations and collaboration
and networking between industry, government, aratl@mia have greatly contributed
to the expansion and improvement. Such collaboratitd networking has two aspects:
expanding opportunities to acquire the'2entury ICT capabilities outside the school,
and developing schools’ educational and learningrenments for 2%-century ICT
capabilities.

Therefore, this chapter will focus on the role dfil@boration and networking in
developing 23-century ICT capabilities, and will introduce th@léwing:

» Cases in Europe and the U.S. to expand learningrappties and improve
guality

* Acase in the U.K. to introduce nationwide compuojsadependent CS subjects

» Cases in APT countries using various approachesrestiods
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3-1 Global expansion of various initiatives by nmff organizations and IT companies

Various nonprofit organizations and IT/media-retab®@mpanies engage in projects and
initiatives to foster 2%-century skills and Zicentury ICT capabilities. Although this
section does not cover all such initiatives andr&sf we focus on efforts that have been
expanded globally based on research results.

(1) U.S.: Nonprofit organization P21 (Partnerskip21st Century Learning)

As mentioned in the Introduction, P21 works on @pt@rrangement and promotion of
21%-century skills. This nonprofit organization wasadsished in 2002 by the initiative
of the U.S. Department of Education and IT compsanienprofit organizatiofis P21
provides online information and materials on®2&ntury skills for educators,
policymakers, parents/communities, and project mars and organizes a framework
for “21%-century skills.” The organization also publishesearch results and conducts
awareness-raising activities.

(2) U.S.: Nonprofit organization Code.org

Code.org is an organization founded in January 2@4tB the aim of providing
everyone with opportunities to learn computer soeerThe organization pursues the
following goals to respond to a shortage of gragsiatith computer science degrees
(ust 2% among all science fields), citing that yordn estimated 400 thousand
undergraduate students major in computer scienoeiadly, while computer-related
employment is estimated to expand to 1.4 millior2620.

* Improve diversity in CS (computer science)
* Inspire students

» Create fantastic courses

* Reach classrooms

* Prep new CS teachers

» Change school district curricula

6 http//www.p21.org/about-us/our-history

Funding organizations included AOL Time Warner Foundation, Apple, Cable in the Classroom, Cisco
Systems, Dell Computer Corporation, Microsoft Corporation, the National Education Association, and
SAP.

7 https://code.org/about
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» Set up policies to support CS
» Go global

Cod.org provides courses free of charge and offetsdesigned learning materials that
are fun and easy to grasp even for elementary stsidén addition, Code.org offers
courses globally, and 15 million people from 180urtivies participated in the

organization’s “Hour of Code” event in December 201

Code.org is supported by leading IT companies dholy Ballmer Family Giving,
Facebook, Google, Infosys Foundation USA, Micrgsaftd Omidyar Network, which
have collectively donated more than $3 million;estdonors include include Amazon,
Bill Gates, Verizon, and Salesforce, who have deshatver $1 million.

In the U.S., many nonprofit organizations, suciCade Academy and Kahn Academy,
offer online programming courses in addition to €oag.

(3) U.S.: Development of new programming learniogis by IT companies

a. Google: Blockly, Scratch Blocks

Google has developed and offered tools for learmnggramming. For example,

beginning in 2012, Blockly was offered as part afogle Education, a cloud service
geared toward educational institutions. This toobvpmles a web-based visual
programming environment, operated using the motled,is sophisticated enough to
embed in actual web services and to work with offregramming languages such as
JavaScript and Python. Google also launched BloGignes, which provide learning in

game format, in 2014.

In May 2016, Google announced a collaboration Wifi’s Scratch team to develop
Scratch Blocks, a next-generation visual prograngmiool based on the Blockly
technology. As an aside, several programming legrribols were developed by
universities relatively early on. Scratch, whichsHaeen in development at the MIT
Media Lab since 2006, is a typical example. Scraahblocking programming tool; its
previous version 1.4 required installation on a B@,the version 2.0 made it usable in
web browsers. The tool was developed with suppowinfthe National Science
Foundation (NSF), Scratch Foundation, Google, LEG@undation, Intel, Cartoon
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Network, Lemann Foundation, and MacArthur Foundatib is used for a wide range
of ages, though it is designed for children 8 to/&érs old. Scratch Jr, a free application
for iPad and Android targeting 5- to 7-year-oldssweleased in July 2014.

b. Apple: Swift Playgrounds

Apple also works to develop programming learninglg¢oIn June 2016 at WWDC
(Worldwide Developer Conference), an annual comfege for developers, they
announced Swift Playgrounds, a learning tool fa@ grogramming language Swift,
which can be used to develop apps for iOS. Thiswas designed to teach people the
basics and outlines of Swift before proceeding toranspecialized and advanced
learning, and became available in the Apple Star&eptember 2016. According to
Apple’s press release, more than 100 schools watklwdecided to add Swift
Playgrounds to their curriculum as of the 2016 f#mester. Swift was originally
released at WWDC in 2014 as a new programming kggufor application
development, and was open-sourced in December 261&ddition to these efforts,
Apple offers workshops called Apple Camp annuailyJuly and August for children 8
to 12 years old.

c. Microsoft: “Minecraft: Education Edition”

Most noteworthy among Microsoft’'s efforts was itsgaisition of Mojang for $2.5
billion in 2014. Mojang, a Swedish indie PC gamevedeper, was famous for
developing Minecraft, a world hit game at the tifvinecraft allows players to place
blocks freely in the air or on the ground of a wait world. An educational version,
MinecraftEdu, was available prior to the comparmagcsguisition by Microsoft. Microsoft
announced in January 2016 that they would offerrfddraft: Education Edition” for
educational institutions considering offering pergming education. A beta version
was rolled out in June 2016, and the full versigleased in November of the same year.
More than 50,000 students and teachers used tlee Vegsion, contributing to its
improvement. Functions added to the beta versiae ae follows:

» Sharing among up to 30 people without setting apraer

» Restriction of student usage range and managerh&draing progress
* “Guidance” and “blackboard” functions for guidinudents

» Ability to take photos freely within Minecraft’s Hual space
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The improved edition is available in 23 language®BAugust 201% The per-person
usage fee is $5 per yéar

(4) New Zealand: “CS Unplugged” learning materfalsyoung age groups

“CS Unplugged” is a teaching material for complgeience targeting young students,
developed through a project of the computer scieedecation research group of
Canterbury University, New Zealand. Not only Gooblg also researchers from New
Zealand, the U.S., the U.K., Canada, France, J&weaden, China, and other countries
contributed to its development.

The purpose of the “CS Unplugged” project is tovie educational computer science
materials at home and in classrooms for young agepg, including elementary school
students, in a universally accessible form for dtgwed or developing countries. Its
development principles are as follows:

* It does not require a computer

» Itis real computer science

» Users learn through activities.

e ltisfun

* No special equipment is required

» Creation of various revised versions is recommended
» lItisintended for everyone

* Itis cooperative

» Individual learning activities are independent

e Itisrobust

Based on these principles, various activities t@riecomputer science have been
developed and summarized in a book (PDF form) tiaat been continually updated.
“CS Unplugged” is available in 25 languages anduides videos related to its learning
items.

8 https://education.minecraft.net/support/knowledge-base/language-availability/
9 httpsi//education.minecraft.net/support/knowledge-base/purchasing-minecraft-education-edition/

36



(5) Finland: "Rails Girls" workshop and learningfpire book Hello Ruby

In Helsinki, Finland, Linda Liukas and Karri Saainheld “Rails Girls,” a two-day
free workshop for women using Ruby on Rails as weld@ment framework for web
applications. More than 100 women attended the shwg in November 2010.
Afterward, the activity was deployed worldwide. Maals for event organization and
the tutorial “Rails Girls Guide” are offered in lHnguage¥.

Liukas also worked with Juhani Mykk&anen, with sugigmom the Finnish Development
Fund (Sitra), to create “Koodi 2016,” a guideliner fteachers unfamiliar with
programming, in 2014. The same year, she publishpttture book to teach children
programmingHello Ruby, which was funded through Kickstarter.

3-2 Role of industry-government-academia collaboraand networking in nationwide
introduction of independent CS courses in the U.K.

(1) Role of grassroots activity network CAS

As described in Chapter 2, the U.K. introduceddbmpulsory independent CS subject
“Computing” to expand Zicentury ICT capabilities. This was accomplishebtigh
close collaboration between industry, governmemid academia. In particular,
Computing at School (CAS), a grassroots commuript tadvocates for change in
information subjects in traditional school educafiplayed a lead role. The Royal
Society, a renowned academy of sciences that stggpdheoretical framework
development, also urged the IT industry and adrmatien to introduce “Computing” in
a short time frame.

(2) National curriculum amendment driven by indugjovernment-academia
collaboration

When the Ministry of Education began to developea wersion of its study programs
(guidelines for learning instruction) in the latteailf of 2012, the revision process for
ICT-related subjects was quite different from usueiter a year of holding meetings
and drafting an informal policy paper, the Ministf Education, BCS, and CAS had
fostered a trusting relationship. Based on this,Nfinistry of Education invited a wide

10 https://guides.railsgirls.com/
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range of stakeholders from BCS and the Royal Sptietompile the study program.

As a result, revision of ICT-related subjects foe hational curriculum was completed
within a fairly short period of time. The draft ge&n was completed in November 2012,
just two months after the initial invitation to k&dnolders in September 2012, two work
parties, and consultation by the CAS community. segoently, the Ministry of
Education made minor modifications to the draft,d apublic consultation was
conducted in February 2013. The subject “Computing” the formal national
curriculum was officially announced in Septembet4£20

(3) “Network of Excellence” (NoE) supporting teachén the region

The support network for teachers of “Computing’sshools, begun by CAS, has been
expanding every year in both quality and quanfityis network is called the “Network
of Excellence” (NoEY. Various institutions work with the NoE to fulfilbcal needs.
Specifically, the nationwide network includes CARdional Centers, CAS Master
Teachers, CAS Hubs, universities affiliated with&4as CAS University Partners, and
advanced schools recognized by CAS as CAS LeadoBcho

(4) Collaborative work by telecommunications casgiand media companies
a. Contributions by BT to support CAS: Barefoot prgect

BT, a major U.K. telecommunications carrier, hasglocontributed to building a

technology and literacy culture in the U.K. as a&pansible ICT company for

next-generation ICT society. As part of that, tlleyounced their cooperation with the
educational support project Barefoot in July 20%#prtly before the September
introduction of “Computing” in the national curricun. The Barefoot project was

designed to support elementary school teachers@mdiucted by BCS starting in 2014,
funded by the Ministry of Education and supportgdvarious companies including BT
and Raspberry Pi.

BT has also played a role in fostering technolatgrdcy in younger generations and
teachers as a provider and improver of “Computif@gilities and environments,
making the subject universally accessible in thetext of technological innovations

11 https://www.computingatschool.org.uk/noe
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such as loT, Al, big data, and so on. This contiisuby BT is a good example of the
beneficial effects of close cooperation betweenegament, schools, and related
stakeholders on increasing the international coitipetess of the U.K. in the future
digital society.

b. Contributions by public service broadcaster BBC

The BBC is an international public broadcasting pany offering services in the U.K.
and globally. It is famous for pioneering new seed, including the world’s first launch
of terrestrial digital broadcasting and on-demaadiise, “BBC iPlayer,” to promote
digitization of broadcasting services.

In recent years, the BBC has promoted a projet¢adtdMake it Digital” with the aim
of fostering the digital skills of young people whall be responsible for the next
generation. The BBC’s contributions characteridiffcéocus on digital creativity and
commitment to supporting enhancement of young meogigital skills.

As part of these efforts, the BBC developed anlgasirtable pocket-sized (4 x 5 cm)
computer, the “micro:bit,” for the purpose of mastg programming. In March 2016,
began distributing “micro:bit” free of charge tol alomestic secondary school
first-years (11 years old), a total of approximgateimillion students.

Furthermore, in October 2016 the BBC established thicro:bit Educational
Foundation to promote computing education, expandimpon their micro:bit
distribution activity as its usage had spread mafly among first-years in secondary
schools.

3-3 Efforts to foster 21st-century ICT capabilitilsrough collaboration between
industry, government, and academia in APT countries

(1) Japan: Regional collaboration by industry, goweent, and academia, and social
participation-type 21st-century ICT capability demment

In Japan, “Collaboration for Future Learning Cotision,” a collaborative organization

involving industry, government, and academia, wattdished in March 2017 in
response to the planned introduction of compulgpogramming education in 2020.
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The consortium aims to connect private companie$ sghools and to constantly
provide and share the latest teaching materials emtents. The three related
government ministries (MEXT, MIC, and the Ministy Economy, Trade and Industry)
cooperate with the consortium’s activities. In aidai, 120 educational committees and
189 organizations participate in the consortiunasvéties as of January 2018.

The government ministries have also backed deratiairprojects entitled “Project of
programming education promotion for young peopbafried out in 11 regional blocks
in Japan, which aimed to nurture human resourcéls thie ability to solve regional
challenges. In the demonstration projects, 11 palsowere selected from the topics of
“regional problem and programming,” “making and gmamming,” “traditional
entertainment and programming,” and so on. Theltesfithe 11 projects showed that
programming education activities changed the cowstiess of those who cooperated
and participated in the demonstration activitieshisT change indicated that
programming education with a wide range of par#iois, including not only students
but also parents, school teachers, educationaldbpdrigh school and university
students serving as mentors, and the high schodsiaiversities from which mentors
are dispatched could be a well-founded regionaviact

In fact, the charter of the consortium states tteaim and purpose is to realize an
“education process open to society,” which nurtuneshildren the necessary skills and
abilities to be creators of the future. It alsoteathat the three ministries, school
stakeholders, and industries should work as onéuitd a support framework for
teaching at schools, providing visiting lecturensl aigital teaching materials suited to
various on-site needs related to regional playedseach area.

In addition to the collaborative organization désed above, in which private
companies and the board of education participhteassociation ICT CONNECT 21
was established in 20%5 ICT CONNECT 21 promotes ICT utilization for thettre
style of learning through the activities of the fieical Standards Working Group and
the Promotion Working Group, among others.

(2) Singapore: Providing competition events and nkarning tools through
collaboration between industry, government, andiecaa

12 httpsi//ictconnect21.jp/recruit-and-events/170309_establishment/
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One of the characteristics of 2tentury ICT capability development in Singapore is
the many available opportunities to extend IT taldmwough various extracurricular
activities. For example, IMDA has supported varioasional infocomm competitions.
These competitions cover a wide range of arealjdimgg programming, development
of mobile applications, networking, game designd aso on. The target age of
participants also varies, as different competiticmm® available for students of
elementary, secondary, and higher education leWélese competitions are conducted
through collaboration between industry and academia

Excellent students from some of those competitiargs also entitled to participate in
overseas competitions.

A notable contribution by Singaporean universityngsipore Polytechnic is the
“CoSpace Robot” system. This system includes auairtobot, a real robot, and a
simulator, and was developed by the university psaatical tool for STEM education.
Users can design both the virtual and real robatguthe same programming logic.
CoSpace Robot is also one of the RoboCup/Juniaidins. A maximum of four people
from each school can participate in the prelimir@gnpetition held in Singapore.

(3) Malaysia: Collaboration between industry, goweent, academia, and overseas
partners to foster 21st-century ICT capabilities

Malaysia actively nurtures comprehensivé'2géntury ICT capabilities. The country’s
approach features its comprehensive nature, wiich for effectiveness and efficiency.

Under governmental leadership, close relationshgiseen industry, government, and
academia have promoted both revision of the scleooliculum and expansion of
programming learning opportunities outside schaeele(Section 1-2 (3)). In addition,
Malaysia welcomes overseas companies and instistio participate in their projects
and measures.

“Digital Maker Club” and “Digital Maker Champion,tollaboratively promoted by
MDEC and the Ministry of Education to support couium design in schools, are
examples of such projects. Twenty schools amongethbat applied to the Digital
Maker Champion program (open to elementary andjunigh schools) were selected
to introduce Digital Maker Hub and Digital Maker ubs in school. Not only
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universities and telecom carriers but also Googid dlicrosoft were partners in
supporting this measure.

Additionally, MDEC and the Ministry of Educationmducted the “Code.org campaign”
in schools nationwide for two weeks, from the efiddotober to November 2017, in
cooperation with Code.org (see Section 3-1 (2)jotal of 120 thousand students from
1,200 schools participated in the campaign.

Conclusion - The role of industry, government, aoddemia in fostering Z4century
ICT capabilities

This chapter introduced the role of collaboratiatween industry, government, and
academia in development of2&entury ICT capabilities with respect to the follag:

» Developing and offering new learning tools and sew
» Introduction of independent CS subjects within arstime frame
» Various approaches in APT countries

As noted in Chapter 2, revision and strengthenirigschool curricula require
improvement of teacher qualifications and tools amaterials to support teaching of
new subjects or learning items. Development of &gliipment, software, and networks
is a particularly important factor for fostering®2dentury ICT capabilities. At the same
time, because technological innovation is rapids enerally difficult to properly and
efficiently introduce such ICT equipment, softwaamd so on in schools, where time
and expense are required to revise curricula amddace new teaching materials and
tools.

Under such circumstances, nonprofit organizatiord @mpanies can provide various
learning tools and services. Such tools and seswde® be used not only from Western
countries, but all countries worldwide. Teachingtenials and tools developed by such
companies and nonprofit organizations are adoptesh evithin schools, not just as

extracurricular activities outside school.

There is also movement to support and encouragadinttion of high-quality teaching

materials and tools through collaboration betweeompmanies and nonprofit
organizations, schools, and administration.
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Through such partnerships between industry andemaiag and through networking
between schools, efforts are being made to impteaeher quality and educational
environments, which has improved the quality ofaadion concerning Ztcentury ICT
capabilities and expanded its reach.

Furthermore, the U.K. case shows that collaborateonong industry, nonprofit
organizations, and academia can facilitate swiftogtuction of new independent
computing subjects.

Based on the above, networking and collaboratidwéxen industry, government, and
academia are considered to have synergistic dffeechaking full use of each entity’s
respective strengths. Following is a summary of esah such strengths of industry,
government, and academia, and areas in which wevbdhey can contribute through
collaboration.

Private sector (includes nonprofit organization aathpanies):
» Development of learning tools, services, and eqeimptmutilizing the latest
knowledge and expertise.
» Standardization of learning content.
» Awareness-raising through grassroots networking.
* Promotion of institutional reform activities, etc.

Governmental institutions:
» Coordination of networks between industry, governinand academia.
« Policy planning, legal system improvement, budgélocation, school
curriculum revision, nationwide curriculum deploymeetc.

Academia:
» Theoretical development regarding’aentury ICT capabilities
* Teacher education
» Promotion of cooperation and networking among sthadc.

Collaboration not only improves the effectivenessl @fficiency of 2i-century ICT

capability development, but also furthers the pesgrof society as a whole toward
next-generation society. In some noteworthy casesntries including Malaysia and
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Singapore reach to foreign nonprofit organizatiand companies in their collaboration
efforts, and some refer to corresponding effortstirer countries.
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Conclusion - Fostering 2¥-century ICT capabilities in the next generation inAPT
countries

As outlined in this book, movement to expand leagrand educational opportunities to
enhance ICT utilization skills at the primary edima level is spreading from
developed countries to middle-income countries.e@ithese efforts, the ability to
utilize information and ICT is growing more commtm all in comparison with past
higher education (partly secondary education) pldreg aimed to nurture human
resources with talent, expertise, and skills inI@i€ field.

In this book, we defined these capabilities a8-@intury ICT capabilities, and we
introduced related activities and various approadghesach country studied. Although
we found various approaches in each country, tHBwimg three elements are
indispensable for nurturing 2Zentury ICT capabilities:

* Formulation and sharing of vision
» Development of policies and institutional framewsork
» Cooperation between industry, government, and awede

Figure C-1 Elements for fostering 21-century ICT capabilities
Vision and strategy formulation

Policy planning and implementation

Industry-government-academia collaboration

Chapter 1 - Vision for next Chapter 2 - Policy and Chapter 3 - Enhancement
generation and goal of human institutional development of quality and quantity in
resources development and curriculum revision and out of school

Source: Created by the author.

As mentioned in Chapter 1, it appears preferabledévelop 2i-century ICT
capabilities based on the country’s next-generaiiglustrial and social vision. These
government-created visions and strategies will ig@\a sense of direction in policies
and institutional development, and can be expetiepositively affect collaboration
between government agencies and local governmgltt®ugh each country discussed
in Chapter 1 formulated a unique strategy or vidlased on its own environment and
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socioeconomic situation, the three aspects showhable C-1 appeared as common
broad classifications. Any country’s strategy aion can include these three aspects in
whatever proportion is appropriate; the scope f look’s research survey resulted in
the following organization shown in Table C-1.

Table C-1 Direction of vision for next-generation sciety on development of
next-generation human resources

Strengthen industrial competitiveness Adapt to Create citizens of
and innovation globalization | the digital society
United States X
United Kingdom X X
Finland X X
Japan X
Singapore X X
Malaysia X X
Thailand X X

Recent trends show that introduction of'ZEntury ICT capabilities in primary and
secondary education is growing full-fledged, ané third aspect in Table C-1 is
becoming more important.

Chapter 2 covered the development of school cuaito nurture 2%-century ICT
capabilities. The efforts of each country are rdyglivided into four categories, listed
below and shown in Table C-2.

» Establishing independent compulsory subjects (LAKistralia, Malaysia)
» Expanding integrated STEM education (U.S., Thail&@idgapore)

« Converting to 2%-century skill type education (Finland, Japan, Aaist)
« Combination of the above (Malaysia, Australia)

Table C-2 School curriculum development to build 2%-century ICT capabilities in
each country

CS compulsory Integrated STEM |  21%-century skill
independent course type type
type
United States X
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United Kingdom X

Finland X
Australia X X
Japan X
Singapore X

Malaysia X X
Thailand X

In Chapter 3, we discussed the roles of industmegument-academia collaboration
and networking in fostering Zdcentury ICT capabilities. Characteristics of the
collaboration in each country are shown in Tablg.C-

Table C-3 Characteristics of industry-government-aademia collaboration to foster
21%-century ICT capabilities in each country

Characteristics

United States Nonprofit organizations and compaciedribute to expansion and quality
improvement of 2%-century capability learning opportunities outsidool.

The federal government promotes improvement of SHeMcation.

United Close cooperation between industry, governmentaaademia facilitated
Kingdom introduction of independent subjects in primary aadondary within a short
period of time. Companies contributed to large-adatroduction of learning

tools and equipment.

Japan The Prime Minister’s Office initiative annoed the plan to introduce
programming education to primary school in 2020.
Industry-government-academia cooperation orgawizativere formed to

promote programming education regionally.

Singapore Talent-enhancement type STEM educatitypisal. Recently, however,

computational thinking was introduced in primaryeation.

Malaysia Expansion of both in-school and extracutdr learning opportunities are
promoted by government initiatives. Experience exyertise from overseas

entities are actively sought.

Because the scope of this book was limited toeaditire survey and interviews in the
U.S., some countries of Europe (the U.K. and Fisljarand some APT countries
(Malaysia, Singapore, Thailand, and Myanmar), iesilmot cover all approaches to
fostering 23-century ICT capabilities. Still, this book showadrariety of approaches
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to serve as reference information for APT counfreessuming they will consider and
improve their relevant measures, projects, andnsal'be circumstances of school ICT
environment development and the possibility of niméional cooperation were not
sufficiently studied in this book, and will requilierther investigation and analysis.

Building relationships of information exchange arabperative networks among APT
countries and abroad will further enhancé-2éntury ICT capabilities. As contributors
to this APT publishing project, we sincerely hopattthe contents of this book will be
of aid in this endeavor.
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