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Abstract. IFIP’s Technical Committee 3 (TC3) is dedicated to concerns about
uses of computing and digital technologies in education. TC3 covers the inter-
ests of those who are concerned with policy, practice and research in the fields
of digital technologies and computing used for educational purposes, whether for
management, teaching or learning, andwhether by teachers, learners, parents, pol-
icymakers, developers, or the wider adult population involved in lifelong learning.
This chapter considers the shifting focus of IFIP TC3’s concerns for computing
and education over the past 60 years, the reasons for those shifts, and the chal-
lenges that educators have faced in developing appropriate uses of computers in
their practices. The chapter explores the roles and influences of TC3 conferences,
its academic journal, its working groups, and its current task force. Separate sec-
tions provide an overview of important TC3 visions and declarations that have
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highlighted contemporary and future issues, and the status of an evolving declara-
tion focusing on future sustainability and computing. The chapter concludes with
an overview of the impact of TC3, and signposts next steps in its ongoing journey.

Keywords: Educational technologies · Education and technologies · Digital
technologies and education · Information technologies · Communication
technologies · Educational technologies and research · Educational technologies
and pedagogical practices · Educational technologies and policy · Educational
management and technologies · Professional development and educational
technologies

1 The Shifting Focus of IFIP TC3’s Concerns - Education for, with,
and through Computing

It has not always been agreed that computing should be linked to education, or in what
ways.Authors froma range of countries [1] describe how, in the 1980s, a range of national
initiatives focused on early computers being made available to educational institutions
(schools, colleges and universities) to provide for ‘learning about computers’. This focus
through early initiativeswas succeeded inmany countries by thewider integration of sub-
sequent models of computers into educational institutions but more focused on ‘learning
with computers’ [2]. As time has progressed, arguments have become stronger for links
between the disciplines of computing and other subjects, and whilst there are already
a number of important ways in which computing and education are linked, more are
emerging as time goes forward. Recently, many countries have introduced computing
curricula into schools [3] that focus more on, again, ‘learning about computers’ and
‘learning to program computers’; however, with the vastly increased computer facilities
now available in educational institutions, this focus has been supplemented with ‘learn-
ing with computers’, and importantly, ‘learning to be productive with computers’ [4].
IFIP TC3 has been involved in not just monitoring these shifts of focus, which have
occurred just as much in higher, vocational and adult lifelong learning settings as in
schools, but on actively supporting its members and wider international participants in
gaining awareness and direction in using computers for educational purposes in their
individual contexts.

This chapter explores the shifting focus of IFIP TC3’s concerns for computing and
education over the past 60 years. In the following section, Sect. 2, reasons for those
shifts and the emerging challenges that educators have faced in developing appropriate
uses of computers in their practices will be discussed in more detail. Section 3 describes
the important roles and influences of TC3 conferences, and how these have not only
mirrored contemporary concerns for computing and education, but have also pointed to
future issues and benefits. In Sect. 4, TC3’s academic journal is discussed; this journal
has played a major role in dissemination not only of the work of TC3 members and its
groups, but also in the context of a wider related academic literature. In Sects. 5, 6, 7 and
8, the important contributions of TC3’s fourworking groups (WGs) are detailed, showing
how each group focuses on a core area of interest. Section 9 details thework of the current
TC3 task force on the computing curriculum, and Sect. 10 includes separate sub-sections
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that each provide an overview of salient TC3 visions and declarations, all arising from
deliberations and outcomes of major TC3 conferences and highlighting contemporary
and future issues; in the last sub-section, the status of the currently evolving declaration
focusing on future sustainability and computing is described. The chapter concludes
with Sect. 11, which provides an overview of the impact of TC3 over the last 60 years,
and indicates next steps in its ongoing journey.

2 Challenges in Developing Awareness and Practices of Computer
Uses in Education

In terms of enhancing awareness and understanding of how computers can be effectively
used to support educational practices and policy, IFIP TC3 has undoubtedly faced the
same form of challenges in finding ways forward that other organisations and institu-
tions have sought to address over the past 60 years. Enabling educators and those in
education to be aware of the potential, benefits and issues arising when using computers
in educational practice has been an ongoing concern for members of TC3. Part of the
challenge of introducing and integrating computing (a term used in this chapter to refer
to the technological dimensions of digital activity and use, and the writing of programs)
into educational practice has been concerned with the nature of the subject of computing
itself. Computer science (a term used in this chapter to refer to the study of the prin-
ciples and uses of digital technologies) has been strongly identified as a science and
technology discipline, whereas education (and many specific subject areas within it) has
been identified as a social science or humanities discipline. This form of identification
has led many teachers and educators to question the roles and abilities of computers to
support specific disciplines or subject areas, through pedagogical processes. In itself,
this disciplinary difference does not lead to a natural rift between the subjects, but the
difference does mean that those who broach that rift may come from quite different
disciplinary backgrounds. Whilst computer science has been regarded or perceived as a
discipline that has tended to rely in the past upon positivistic or quantitative approaches
to its development and research, education has emerged as a discipline that was initially
influenced by positivistic approaches, but has latterly become more influenced by post-
positivistic, interpretivistic, and critical constructivist approaches. These disciplinary
differences and the implied, evolving and emerging approaches have been paralleled by
different ways that education has been seen in relation to computer science.

Initially, for TC3 and a number of countries who took up a policy or initiatives
on computers and education at an early stage, education was seen as a way to teach
and learn about computers, computing and computer science. A shift over the next
10 or more years was then towards education being seen as ways to teach and learn
with computing and digital devices and resources. More recently, the shift has been
towards teaching informatics or computer science, and most recently, there has been
an emergence resulting in education being concerned with ways to teach and learn
to influence computer science practice and development. Over the same time period,
computer science itself has shifted in its concerns for development, research and evidence
that are increasingly socially related, concerned with the ways that its outcomes can be
used, how they influence and can be integrated with social practices. While computer
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science artefacts were often initially concerned with actions outside human behaviour
and consciousness (although they have increasingly influenced them), the trends now are
concerned more with their integration with human behaviour and consciousness. These
shifts have resulted in a greater focus over time on inter- and multi-disciplinarity for
those concerned with development and research into computing and digital technology
destined for educational purposes. This has resulted in an increasing reliance and need
for computing and technology expertise to be matched and supported by social science
and humanities expertise.

The trends that we see today are already enabling uses of computing and digital
technologies to provide wider access to education and learning, to provide widening
opportunities for management of education, teaching and learning, and to enhance prac-
tices for teachers, learners, developers and policy makers. In this chapter, we show how
TC3 has continued to focus on key challenges and issues in these evolving contexts,
how it has sought to identify ways in which computing and digital technologies can be
used most effectively for educational purposes, and how TC3 has played its part, and
continues to play its part, in that journey.

3 Involving and Influencing – TC3 Conferences and Their Focus

TC3 has run international conferences for many years. Conference titles and focus have
been pertinent to the contemporary issues of their time. The shift in titles and focus over
the last 50 years has been important in terms of maintaining an up-to-date perspective
but also to highlight future possibilities; in this respect, the shift highlights key issues
and challenges that have emerged and are emerging.

TC3 and its Working Groups (WGs), through their many international conferences
over the years, have led to the sharing and wider dissemination through presentation
and publication of many leading-edge, accepted papers in proceedings and in books.
In the case of some conferences, the papers have appeared in university publications,
but in most cases, they have been published in book form by international publishing
houses including Chapman&Hall, Kluwer and Springer. In recent years, most have been
published by Springer, and the papers accepted have been double-blind peer reviewed
before a selection is made of the most pertinent and leading articles. For post-conference
publications, authors of accepted articles are given opportunity to improve their papers
following discussion within the conferences, giving opportunity to take advantage of
additional and important contemporary leading perspectives.

TC3 has run a range of different conferences, but the flagship conferences for TC3
have beenWorld Conferences on Computers in Education (WCCEs). Since 1970, eleven
of these conferences have been run.Whilst the first conference (Amsterdam, TheNether-
lands, 1970) focused on conceptions of computer education [5], the second conference
(Marseille, France, 1975) focused more on how computers could be integrated and used
in education by teachers [6]. A greater focus was placed on learners at a later stage, in
1995 (Birmingham, United Kingdom) [7] for example, while concerns for how com-
puters could support education worldwide has been a focus since 2013 (Torun, Poland)
[8]. The most recent WCCE (Dublin, Ireland) has focused on the wider range of users
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– learners, teachers, developers, researchers and policy makers - with an increasing
concern for those users with specific educational needs or in disadvantaged situations
[9].

TC3 has additionally run streams within the wider IFIP World Computer Congress
(WCC) conferences. Since 2002, four of these TC3 streams have been run. On each
occasion, specific topics have been explored: the development of TelE learning in 2002
[10], the building of the information society in 2004 [11], learning to live in a knowledge
society in 2008 [12], and the key competencies needed for living in a knowledge society
in 2010 [13].

Within TC3, individual WGs, or WGs working collaboratively, have also run their
own conferences. The conferences for current WGs are reviewed in later sections of this
chapter, which focus on emerging concerns and themes of those WGs. One conference
of note, run by a WG that no longer exists, focused on the online or distance provision
of education using technologies as early as 2003 [14]. This highlights how TC3 has
identified and often led on discussions and sharing of perspectives that can contribute
to a wider understanding of how computers can be used in different and emerging
educational practices. From the titles and themes across these conferences, it is clear to
see that the interests and focus of TC3 have shifted in line with contemporary concerns.
Across the timeline, this can be summarised as follows:

• 1970 – an initial focus on computer education (teaching and learning the subject of
computing, about and with computers), followed within five years with a focus on
computers in education (teaching and learning in other subjects, using computers)

• 1980 – the focus is on the increasing range of subjects where computers could be used
in teaching and learning, the developing and emerging forms of digital technologies
such as videodisks, and the impact of uses of computers and digital technologies on
teaching and learning

• 1990 – the focus is more on the learner, and how computers and digital technologies
are enabling learning, widening approaches to learning, and impacts from digital
multi-media resources

• 2000 – the focus is on the widening impact of computers and digital technologies on
society as a whole, on approaches to education that are linked to a knowledge society,
and addressing and developing lifelong learning needs and approaches

• 2010 – the focus is more on the possibilities arising from communication, how com-
puters and digital resources enable widening interaction, communication and collabo-
ration, and impacts on conceptions of education and social and socio-cultural learning
approaches

• 2020 – the focus is more on the possibilities arising from features of computer science
and digital resources that support the individual, the individual with specific educa-
tional needs, and the role of individuals in being enabled to be producers as well as
consumers, linked to greater focus on the teaching and learning of informatics and
computer science
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4 The TC3 Academic Journal, its Articles and Their Focus

While conferences have provided opportunities for researchers, practitioners and policy
makers to share and discuss their findings and challenges, TC3 has also been instru-
mental in supporting a wider sharing through an academic journal route. Education and
Information Technologies (EAIT) is the official journal of TC3, published by Springer.
The EAIT journal has played a vitally important role in enabling key research to be
channelled and disseminated. The focus and range of articles over time portrays ele-
ments that researchers have regarded as challenges or problems to be solved or shared,
so having a view across the period of the journal offers another important perspective of
how the field of computers and education has shifted and continues to develop.

EAIT covers the complex relationships between information and communication
technologies and education, from themicro-concerns of specific applications or instances
of use in classrooms to the macro-concerns of national policies and major projects;
from classes of five-year-old children to adults in tertiary institutions; from teachers
and administrators to researchers and designers; from institutions to open, distance and
lifelong learning. The journal’s breadth of coverage allowsEAIT to examine fundamental
issues at all levels, discuss specific instances and cases, draw inferences and probe theory,
while being embedded in the research and practice of professionals.

EAIT was first published in 1996. EAIT has unquestionably grown over the years.
While early volumes had four issues per year, the later volumes (in 2019, for example)
had six issues, with a total of 184 articles, selected from 708 submissions. Springer
publishes all accepted articles as Online First Articles before they are assigned to an
issue. In 2019, there were 313,606 EAIT article downloads from the website. EAIT
has been edited by a succession of international editors, and currently, the editor-in-
chief is supported by three associate editors, and an active international editorial board
of 29 members, from: Australia, New Zealand, the United Kingdom (UK), the United
States of America (USA), Germany, Israel, South Africa, Greece, Finland, Switzerland,
Bahrain, Hong Kong, France and The Netherlands. EAIT has become a truly interna-
tional journal, with articles received in Volume 24 (2019) from authors in: Australia,
Bahrain, Belgium, Canada, China, Colombia, Croatia, Cyprus, Egypt, Estonia, Fiji, Fin-
land, France, Germany, Ghana, Greece, India, Indonesia, Iran, Ireland, Israel, Japan,
Kazakhstan, Kuwait, Libya, Malaysia, Morocco, Nicaragua, Nigeria, Northern Ireland,
Norway, Oman, Pakistan, Poland, Russia, Rwanda, Serbia, South Africa, South Korea,
Spain, Sweden, Tanzania, Thailand, Tunisia, Turkey, the UK, Ukraine, the United Arab
Emirates and the USA.

An idea of how research interest and attention on specific topics in the field of educa-
tion and information technologies has changed over the years can be gained by exploring
the titles of articles from several volumes across the journal’s history. The topics also
reveal how certain topics have remained the same over the years, while specific tech-
nology attention has often changed. So, for example, whilst one article [15] offered a
framework for teaching a specific topic area, the social and ethical impact of computing,
more recently, such frameworks have been offered on specific topics concerned with
computing and computer science education. Studies that have explored uses of comput-
ers from teacher and teaching perspectives have remained over time (such as Chitiyo
[16], and Voogt, Knezek and Roblin [17], as have studies that have explored learner
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experiences (such as Dillon [18], and Tiernan [19]). The need for connection between
developers and practitioners has also been highlighted over time (such as Hinostroza,
Rehbein,Mellar and Preston [20], andRennstich [21]). Concerns for reconceptualisation
of educational policy and practice have also regularly arisen; for example, the need to
explore lifelong learning dimensions [22], and the need to review copyright regulations
in a digital context [23]. Papers have also not always indicated positive outcomes for
uses of computers in education; for example, papers that indicate the rejection of uses
of integrated learning systems [24], and social media [25]. Most recently, topics have
highlighted emerging technologies for education, such as the use of immersive virtual
reality [26] and machine learning applications [27]. Special issues of the journal again
show topics that have persisted, while others arise from the development of emerging
technologies and the functionalities that they offer for education. A continuing concern
has been the role that research plays in identifying the value and benefits of comput-
ers in education; for example, a focus on evaluation [28], on factors that are important
[29], and on how students, computers and learning are connected [30]. The application
and integration of technologies into educational practice has also been a theme that has
persisted over time; for example, the topic of secondary informatics education [31], inte-
grating mobile and panoramic video into education [32], and developing computing in
the curriculum [33]. Uses of emerging technologies have been represented as they have
emerged; for example, virtual realities [34], uses of serious games to support learning
[35], and teaching and learning with social network sites [36].

5 WG3.1 – Informatics and Digital Technologies in School
Education - Emerging Themes

WG3.1 was established in 1966, focusing on “Informatics and Information and Commu-
nicationTechnologies (ICT) in SecondaryEducation”. In 2014, theWGwasmergedwith
WG3.5 (which focused on “Primary Education”), creating a WG that covered “Infor-
matics and Digital Technologies in School Education”. The current aims ofWG3.1 have
been reflected in recent IFIP TC3 conferences, providing international perspectives on
the debate of developing and integrating informatics education (where the term informat-
ics is used in some countries that is in this chapter the equivalent of the term computer
science used in other countries) at all school levels. Such perspectives have included
those from research activities as well as those from best practice experience, promoting
acquisition and updating of appropriate knowledge and expertise for any whose teaching
environment requires contact with computer-based systems. Such knowledge and expe-
rience considers the nature, content and method of delivery of school education, both
within informatics (computer science) and digital technologies (digital humanities, and
media literacy). The overall aims of WG3.1 are to enable learners to become discerning
digital citizens who are able to act in a complex and digitalised world.

Current themes within the work of WG3.1 cover: early childhood and school edu-
cation, including related informal learning contexts; computing education and digital
literacy; the integration of digital technologies in education; the professional develop-
ment of teachers; and the provision of pre-service and in-service teacher education. This
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range of work aims to enable educators to use and contribute to the development of
digital educational resources, including professional learning networks.

WG3.1 has been involved in a number of conferences in recent years, organised with
other WGs. The aims and focus of WG3.1, as discussed above, are clearly demonstrated
by the themes of a number of recent conferences. These include: empowering teaching
for digital equity and agency [37]; empowering learners for life in the digital age [38];
a new culture of learning: computing and next generations [39]; key competencies in
informatics and ICT [40]; ICT and learning in the Net Generation [41]; and ICT and the
teacher of the future [42]. Over the years, there has been an increasing interest in the role
of communications technologies, informatics and computer science, interconnectivity
and international perspectives, social and special educational needs, and digital equity
and agency.

6 WG3.3 – Research into Educational Applications of Information
Technologies - Emerging Themes

This WG provides a forum to identify issues and priorities for research into educational
applications of information technologies and to map research policies arising from the
differing approaches and cultural contexts in IFIP member countries. It aims to: identify
research needs and topics in the field of education; improve research approaches and
methods; synthesise research on major topics in the field; and disseminate research, in
partnership with educational research communities. The group, with members from over
40 different countries, has many interests that relate to national issues and recent educa-
tional technology trends such as bring-your-own-devices (BYOD), artificial intelligence
and the computer science curriculum. These themes relate to policy makers’ interests in
harnessing educational technologies to address national and international concerns such
as improving attainment, supporting inclusive pedagogies, and skilling the workforce to
meet the demands for digital expertise.

WG3.3 has a close working relationship with EDUsummIT, with representation in
11 of the 13 thematic working groups at the most recent EDUsummIT event in 2019.
This international summit covered topics such as machine learning, learning analytics,
and research approaches for educational technology, curriculum and knowledge building
[43]. Other topics of research interest that groupmembers currently study includemobile
learning, computational thinking, teacher education and professional development, and
cultural differences in the conceptualisation and delivery of ICT and computer science
curricula. The growing interest in computer science and digital skills over the last decade
led to the creationof a specific task force on the computer science/informatics curriculum,
established in 2014.

Research from WG3.3 is well represented in many TC3 conferences, providing
state-of-the-art findings that are accessible to other researchers, as well as policy makers
and practitioners. Particular themes that have been supported by research papers from
WG3.3 include: learners and learning contexts - new alignments for the digital age [44];
empowering learners for life in the digital age [38]; rethinking learning in a digital
age [45]; mobile learning [46]; technology enhanced quality learning for all [47]; and
addressing educational challenges - the role of ICT [48]. These themes indicate the
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important focus that has been and continues to be an ongoing concern of WG3.3, in
monitoring the uses, outcomes and impacts of educational technologies on learning and
learners.

7 WG3.4 – Professional and Vocational Education in ICT -
Emerging Themes

WG3.4 was founded in 1971, and is focused on higher, professional and vocational
education in ICT – education leading towards careers or professional development in
some form of computing. The membership of WG3.4 comprises academics (in fields of
computer science, information systems, etc.), ICT trainers and ICT practitioners from all
over the world. Members’ interests range from the use of computer-mediated education,
the on-going professional education of both ICTand non-ICTprofessionals, the activities
of national ICT professional bodies, the delivery of effective ICT vocational education
to post-secondary learners and the integration of ICT into other tertiary curricula.

WG3.4’s goal is to promote the acquisition and updating of appropriate ICT knowl-
edge and expertise by all. Its aim is to consider the nature, content and method of deliv-
ery of professional and vocational education within the ICT sector, which will enable
learners to achieve their employment expectations, and to foster lifelong learning in the
contemporary and evolving networked environment.

Regarding professional education within ICT, of particular note was the produc-
tion in 1998 by a small working group of WG3.4 members of the document entitled
“Harmonisation of Professional Standards” (an Appendix in Thompson [49]). At IFIP’s
WorldComputer Congress held inBeijing inAugust 2000, the harmonisation projectwas
re-considered, and over the next 5 years a significant number of international activities
were undertaken to promote the IFIP harmonisation document and evaluate its relevance
to the discipline of software engineering. These activities were reported at the IFIP TC3
WCCE in 2005 and summarised in a paper presented at the IFIP 19th World Computer
Congress [49].

Regarding wider educational issues, WG3.4 has, since 1993, run nine working con-
ferences, either as a single WG or jointly with other group(s), which have reflected
particular contemporary interests at those times. The themes of those conferences have
covered: software engineering education [50]; software quality and productivity [51]; the
place of information technology in management and business education [52]; educating
professionals for network-centric organisations [53]; e-training practices for professional
organisations [54]; information and communication technologies and real-life learning
[55]; education, training and lifelong learning [56]; open and social technologies for
networked learning [57]; key competencies in ICT and informatics [40]; and sustain-
able ICT, education and learning [58]. Members of the group had a major input to IFIP
sub-conferences held at the World Summit on the Information Society (WSIS) 2003
addressing education and the knowledge society [59], and at the IFIP World Computer
Congress 2006 addressing education for the 21st century [60].

The emphasis of the work of WG3.4 over this period has shifted from technical,
managerial, and business education towards issues related to networked and mobile
learning and sustainable development goals.WG3.4 is keeping abreast of the application
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of latest methods and technologies in ICT learning, both in the Global South and the
GlobalNorth.WG3.4 aims at encouragingmobile and creative solutions to the challenges
of lifelong learning through research and knowledge sharing.

8 WG3.7 – Information Technology in Educational Management
(ITEM) - Emerging Themes

The origins of WG3.7 go back to 1994. That year, an international working conference
on information technology in educational management was organised in Jerusalem,
Israel by WG3.4. An outcome of the conference was to establish WG3.7. The meet-
ing brought together an important number of researchers and practitioners concerned
with what could be the best practices to enhance educational management with the
support of information technology. At that time, personal computing had experienced
a widespread acceptance and the continuous development of communications foretold
how information and communications technologies would have a large impact on all
aspects of education, including that of management and administration of educational
centres. The participants in the first meeting agreed that much was still to be done in this
field, and jointly proposed to seek to create a new working group under the umbrella
of TC3. Two years later, in 1996, the group was officially acknowledged by IFIP as
WG3.7, with a chair elected by members in 1998. The first international conference on
information technology in educational management organised by the newly constituted
WG3.7 was held in Hong Kong, China in 1996.

The main aim of WG3.7 is to promote effective and efficient use of ICT within man-
agement, policies, development of and planning of educational institutions. The scope
of WG3.7 is focused across the whole range of educational institutions concerned with
education, from kindergartens to higher education, adult education, and those in profes-
sional development and training settings at a local, regional, national or international
level.

Since 1994, 11 conferences have been organised exclusively by WG3.7, held on
six continents (excepting Antarctica). WG3.7 has also participated in international con-
ferences organised by other WGs. The topics of these conferences indicate emerging
concerns of thisWG: information technology in educational management [61]; informa-
tion technology in educational management for schools of the future [62]; the integration
of information for educational management [63]; pathways to institutional improvement
with information technology in educational management [64]; information technology
and educational management in the knowledge society [65]; knowledge management
for educational innovation [66]; information technology andmanaging quality education
[67]; and stakeholders and information technology in education [68].

More than 250 papers related to information technology in educational management
have been published by WG3.7 members across the 1994–2020 period. Main themes
have evolved over the years, as technology has developed and new issues in education
and in educational management have arisen. The topic that has received most attention is
assimilation and integration of IT into educational management. Other emerging themes
over the years have been those of strategies to integrate IT into educational management
and IT applications in educational management. Recently, several members of WG3.7
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have participated in the publication of the Encyclopedia of Education and Information
Technologies [69], a huge knowledge repository covering many aspects of the inter-
action between education and information technologies, including IT in kindergartens,
primary and secondary schools, universities, training colleges, industry training, distance
education and further education.

Interests in overcoming problems derived from adapting a new and changing tech-
nology such as IT to educational management has set the standards for WG3.7’s ITEM
research during themore than 25 years of its existence. Nevertheless, it is recognised that
ahead is a task of continuing to complete a compact body of knowledge and adapting to
new challenges as a result of the ever-changing educational and technological arena.

9 TC3 Task Force - Deeper Understanding of the Roles
of Computer Science and Informatics

ATC3 Task Force is intended to focus attention on emerging developments in education
that are fuelled by technological or societal need. The TC3 Task Force on the Computing
Curriculum was established in July 2014 in response to calls for change in computer
science and informatics curricula in many countries. The Task Force researched key
issues and considerations for the curriculum and made recommendations for curricu-
lum design and implementation. This work was summarised in 2016 in a short report,
while more recently, the Task Force’s work has focused on advances in conceptualising,
developing, and assessing computational thinking and analysing how developments in
artificial intelligence and machine learning need to be addressed within the curriculum.

At the outset of the work of the Task Force, a series of reviews and reports from
different countries identified a need for major reform of the curriculum for computing,
computer science, information and communications technology (ICT) or informatics
- depending on the terminology used in each country (for example, [70–73]). These
reports and papers emphasised a refocusing of computing/ICT education to incorporate
computer science as the underlying subject discipline. In some countries where curricula
had often previously contained strong computer science, it was argued that they had
become weakened and often refocused on educating young people as users of new
technologies rather than creators. In some countries, such as Israel andCyprus, computer
science had been retained since its emergence in the 1980s, but rationales for its presence
in curricula and curricula themselves were nevertheless under scrutiny [74, 75].

The major rationales for including computer science in the K-12 curriculum put
forward in reports from many countries were economic, social and cultural [76]. The
economic rationale rested on the need for a country to produce computer scientists to
sustain a competitive edge in a world driven by technology, but also on the requirement
for professionals in all industries to have sufficient understanding of computer science in
order to deploy technology to support innovation and development. The social rationale
emphasised the value in society of active creators and producers rather than passive
consumers of technology. Such capability empowers people to lead, create and innovate
within society and in curriculum terms, so that this knowledge is part of the “powerful
knowledge” [77] needed to enable people to choose their role in society. The curriculum
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rationale rested on enabling people to be drivers of cultural change rather than having
change imposed by technological developments.

Many educators have identified the importance of people studying elements of com-
puter science in order to support their learning of other subjects - in particular, being
able to engage in “computational thinking” and other forms of thinking promoted by
engaging in computer science, such as systems thinking, as well as developing under-
standing about the capabilities and potential of new technologies. This new thinking and
understanding is not digital literacy (whose importance was already well-established),
but a set of skills, understanding and thinking that can be developed by engaging with
and understanding computer science, understanding how computers work and designing
and creating computer-based solutions, including through programming. Considerations
for developing curricula leads to implications for teacher professional development [78].
Broader recommendations for addressing key challenges for curriculum change in rela-
tion to computer science have been developed by the Task Force [75], further developed
in relation to awider range of country contexts in a report arising from ameeting between
theTaskForce andUNESCO[79].Key recommendationswere to adopt a globally agreed
statement of computer science/informatics as a discipline in its own right, to articulate
the nature, importance and relevance of computer science/informatics to society and
education, and to disseminate and communicate a clear rationale to different stakehold-
ers about the need to have computer science/informatics as a distinct subject in school
curricula. Recommendations for policy and practice were to promote computational
thinking through the means of a computer science/informatics curriculum which aims at
making computational thinking commonplace, to design computer science/informatics
curricula based on a content analysis, and then continue to research students’ learning as
well as the effects of different pedagogical approaches, and to identify clear learning out-
comes, assessments and standards for computer science/informatics. Important caveats
were to encourage more computer science/informatics graduates to become teachers
and provide professional development for existing teachers, and to identify and allocate
resources for teaching computer science/informatics.

More recently, the Task Force has focused on how developments in machine learn-
ing need to be accommodated in curricula for computer science/informatics. The impli-
cations of such developments are relevant more broadly across the curriculum, and
members of the Task Force have contributed to an international discussion and report
[80]. A key recommendation of this report, in relation to curricula for computer sci-
ence/informatics, was to ensure that all students develop a strong background inmachine
learning. It was argued that in order to develop their conceptual understanding of how
machine learning works, students must have opportunities to use and apply machine
learning and to create their own examples. Furthermore, as a powerful tool that may not
be used to its full potential, a need for students to understand how machine learning can
be used to identify and solve real-world problems was recommended.

Currently, while many countries have made major changes to their curricula for
computer science/informatics, others are still in the process of change. Implementing
such curricula is still a major challenge for many countries. Rapid technological devel-
opments, especially in machine learning and quantum computing, mean that ongoing
curriculum change continues to be inevitable.
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10 Education and Computing - Visions and Declarations

TC3 has generated a number of visions and declarations over the years, arising from
an analysis of outcomes from conferences, often WCCEs. Key declarations and visions
were the Stellenbosch Declaration (arising from WCCE 2005), the Bento Gonçalves
Declaration (arising from WCCE 2009), the Torun Vision (arising from WCCE 2013),
the Dublin Declaration (arising from WCCE 2017), and the latest is the Zanzibar Dec-
laration (arising from SUZA 2019). The identification of key themes and trends from
these previous WCCEs and their declarations led in all cases to the production of a
series of recommendations and actions, for policy, practice and research. The Stellen-
bosch Declaration called for actions to support digital solidarity, learners and lifelong
learning, teachers and decision-making strategies, networking, and research. The Bento
Gonçalves Declaration called for actions to support the learner and teacher through
curriculum initiatives, to develop research, learning environments, professionalism, and
collaborative communities. The Torun Vision set out two key challenges for the future.
The first was to move from consuming to innovating; to create, conceptualise and pro-
duce using programming and computer science (CS), as well as using information and
communication technology (ICT) applications. The second was to deploy digital tech-
nologies to better support different interactions with different stakeholders, according
to technologies selected and used (such as those with online or haptic features), accom-
modating institutional diversities, gender, cultural, native language, cognitive and social
backgrounds. The Dublin Declaration followed this vision, and provided recommenda-
tions and actions to take these key needs forward. The latest declaration, the Zanzibar
Declaration, highlights the need to consider sustainable education in the context of
emerging technologies.

The Stellenbosch and Dublin Declarations resulted from formal processes under-
taken within respective WCCE conferences, and the Zanzibar Declaration is a current
initiative instigated across TC3. As these Declarations are key documents in identify-
ing contemporary issues of their times, they will be discussed in more detail in the
sub-sections following.

10.1 The Stellenbosch Declaration

In 2005, TC3 held its WCCE in South Africa. The theme was “40 years of computers
in education: what works?” Seven hundred delegates from more than 30 countries
from six continents gathered for 4 days. Having many of the main actors of ICT in
education in the world was a unique opportunity, not only to listen to each other’s
presentations, but to engage them to think and produce together and then to deliver an
“address to theworld”. Consequently, all delegateswere asked to contribute to a common
reflection about education in the next decade. Each speaker was asked to provide one
key idea, recommendation or suggestion. In each conference session, the chairperson
was asked to provide three ideas, suggestions or recommendations as an output of that
session. All delegates were also asked to contribute with one idea. The main aim was
to generate a wide view about the “hot topics”, what was being done around the world
about ICT and education, at the research level, as well as in teaching and learning
practice. Every day, a committee gathered and studied the contributions. At the end of
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the conference, a text, synthesising the contributions, was presented to the audience and
adopted as the Stellenbosch Declaration. A researcher studied the Declaration and the
way it was produced: “The IFIP Stellenbosch Declaration: Browsing the researchers’
and practitioners’ core ideas on ICT in education” [81].

The preamble of the Declaration stated that:

We, the members of the group, hope that this Stellenbosch Declaration will improve
the integration of ICT in Education as a resource for both better teaching and
learning and as a preparation of citizens for the Knowledge Society. We address
this to all stakeholders in ICT in Education: teachers, practitioners, researchers,
academics, managers, decision-makers and policy-makers, in order to increase
the access to Education for everyone around the World. [...] As educators, we
know that information and knowledge are not the same. We want not only an
Information Society, but also a Knowledge Society in which Knowledge can be
shared and distributed all around the world, enabling all children and all people
to access Knowledge and to benefit from being educated.

The Declaration addressed six topics: digital solidarity; learners and lifelong learn-
ing; decision-making strategies; networking; research; and teachers. For each of these
topics, the Declaration made a statement and proposed some recommendations, at the
societal level, at the learning and teaching level, and at the technological and infrastruc-
ture level. An annex to the Declaration offered a list of 107 possible actions, chosen
from among the suggestions offered by the participants.

The Declaration was translated into many languages and was published in many
journals. Fifteen years later, reading again the Declaration shows that even if the world
has changed, the core issues and the main recommendations remain totally accurate.
While a lot of progress has been made since, many questions are still open.

10.2 The Dublin Declaration

Twelve years later in 2017, the Dublin Declaration stated that in terms of computing,
computer education and uses of technologies for teaching and learning, these were con-
sidered to be at a pivotal point of change. It was clear from evidence in the WCCE 2017
presentations that international, national and local computer and educational technol-
ogy strategies, policies and curricula were shifting. Earlier and ongoing outcomes from
the activities of important initiatives such as the European Computer Driving Licence
(ECDL) clearly contributed to the then current state of play with regard to user practices
and uses of ICT. The then current status of computer access and uses across coun-
tries, and the identification of key underlying development needs, was clearly shown by
widespreadmonitoring of international and national comparison data, for example, from
the Programme for International Student Assessment (PISA) results run by the Organi-
sation for Economic Cooperation and Development (OECD) and from the International
Association for the Evaluation of Educational Achievement’s (IEA) International Com-
puter and Information Literacy Study (ICILS) focusing on computer and information
literacy. Given the wide evidence base at that time, it was clear that learners of all ages
and levels could benefit from and should be enabled to develop opportunities that such
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technologies offer, not only for their individual futures but also for the future of our wider
communities and society as a whole. However, it was highlighted that young people need
to have sufficient opportunities to be creators and not just consumers of ICT. The theme
of WCCE 2017 reflected a focal concern - to seek ways to assure the inclusiveness of
technologies to support education, teaching and learning for all social groups. It was
clear that teaching about computing should not replace the use of ICT to enhance learn-
ing across the curriculum, but that the balance between computing and ICT to enhance
learning across the curriculum should be fully considered and accommodated. Impor-
tantly also, the balance between educational activities that involve non-computer use as
well as computer use was an issue that needed wider consideration, as communities and
societies moved towards increased digital ubiquity.

Recommendations put forward in the Dublin Declaration in 2017 are still pertinent
today. Those recommendations covered a number of specific areas. For future direction
with computer science education, it was recommended, for example, an entitlement
for young people to be educated in computing, incorporating computer science and
computational thinking as the underlying academic discipline, as well as digital literacy
– as all young people have a right to become creators and not only consumers of ICT for
their future. Importantly, to support these young people, there is a need to create more
and well-trained computer science teachers.

It was recommended that, to address the gap between developing and developed
countries in the use of ICT in education, there should be a focus on new pedagogical
opportunities offered by mobile learning applications and their adoption in the educa-
tion field. From an infrastructure perspective, it was recommended that infrastructure
challenges should neither be considered as a matter of funding nor as a technocratic
approach; school administrators and parents should be included in developing creative
support andmaintenance, as part of a wider holistic approach to development. To support
this approach, there should be co-operation with countries with a high degree of ICT
development in education, to share their experience in IT usage/skills in the educational
domain.

To support inclusiveness and student engagement, recommendation was made to
encourage schools to implement problems and ideas from real life and from students’
out-of-school interests, activities and hobbies, to allow children to enjoy solving them
in a challenging way, even in their free time. Some caution was also recommended, to
develop emotional intelligence of our students, as this is often a missing component of
all virtual learning environments and other digital resources. A goal should be to pay
closer attention to implementing this aspect into pedagogies that involve educational
software.

Importantly, to support teacher education and continuing professional development,
recommendationsweremade to develop educatorswho can teach computational thinking
rather than just teaching programming from standard lesson plans and textbooks, and
to build further capacity in digitally-literate teachers in every discipline. The approach
recommended was to provide professional development for teachers, which should be
problem-based and adopt project-based approaches supported by and supplemented
with communities of practice, as these latter facilities provide enormous potential for
effective professional development. It was recommended that teachers should become
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more aware of the importance of learning analytics as potential instruments to improve
learning processes, but considering the need for such data to provide useful and important
feedback to improve educators’ work. To support teacher professional development,
international groups can promote ways of developing communities of research-active
teachers to develop and disseminate their own evidence of the impact of ICT on teaching
and learning.

To develop appropriate game-based learning and gamification, a recommendation
was made to promote further research to set the basis of a comprehensive framework
to support game-based teaching and learning at all levels of education. The need was
recognised to train pre-service and in-service teachers in the use of game-based learning
approaches.

To move towards e-evaluation, recommendations were made to consider stealth
assessment as an approach to formative (rather than summative) assessment that is
seamless - woven deep into the fabric of the activity such as a game and not taking
away the ‘fun of learning’. Further, it was recommended that the assessment approach
from research be examined, to see how it can be taken into mainstream learning, and
to study the rapid rise in e-examinations, for authentic assessment that matches modern
workplace practices and many student learning experiences.

It was considered that, for any of the recommendations above (and others in the
full Declaration) to be taken forward, there needed to be greater levels of international
cooperation and collaboration between researchers and practitioners, through appropri-
ate research processes, from design to dissemination. In addition, research approaches
in this field should continue to integrate and combine the expertise of education, psy-
chology, sociology, computer science and economics to provide robust, well-rounded,
critical perspectives to ensure the most appropriate outcomes to drive the future of edu-
cation forward. High-quality interdisciplinary research was felt to be needed to establish
a strong and informative evidence base before adopting large-scale implementation and
investments in educational technology initiatives. For implementation, an evidence base
should be established to assess the impact and integration of technology in the class-
room through a synergy between quantitative and qualitative methods, where studies
are framed in appropriate theoretical terms, with consistency between theoretical posi-
tion, design, methodology, data collection and analysis. Conceptions of research, policy
and practice should be revisited in this field in this context. While teachers need to be
considered to be producers of knowledge, maintaining the variety of uses for learners
of all ages, identifying outcomes that relate to contexts, and measuring impacts where
purpose and future developments are fully considered, were identified as all essential
elements that need to be integrated into contemporary and future research, policy, teacher
education, teaching and learning practices in this field.

10.3 Issues that We Face Internationally - the Zanzibar Declaration - Sustainable
Education in the Digital Age

Looking outwardly and internationally, the perturbations, changes, and problems
observed during the last decades reveal that we are certainly not living anymore in a
static, but in a dynamic, world. Numerous disruptions in many domains have arisen, and
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the relationship between ICT and education has continued to receive increasing atten-
tion in many countries and regions. The importance of the relationship between ICT
and education is also reflected in the current (2020) Coronavirus (COVID-19) pandemic
crisis; home office and e-learning have become part of everyday life for many employees
and students in 2020, and ICT-supported communication is becoming an essential part
of social life.

For the educational field, it is possible to identify specific changes that have arisen
over the past decade, such as modifications in pedagogy, demands from societies, and
the emergence of new technologies. Thinking about what requirements will arise in
the future in different areas of ICT and education, what strategies will be appropriate
for research, development, and practice? What kind of information and knowledge do
politicians, stakeholder researchers, and practitioners need to base their decisions and
work on?

In theApril 2019 annual generalmeeting, TC3 initiated aDeclaration on “Sustainable
Education inViewofRapidEmergingTechnologies in theDigitalAge”. ThisDeclaration
describes future challenges and proposes approaches to their resolution. The Declaration
followeddiscussions and presentations at an international conference (SUZA2019,April
25–27, on Sustainable ICT, Education and Learning, run in Zanzibar, Tanzania). This
Declaration is now in the process of being formulated and detailed. In this sub-section,
an overview of the intended process and outcomes is outlined, to indicate key focal topics
that TC3 is highlighting.

In developing the Zanzibar Declaration, TC3 draws on the many years of expe-
rience and relevant resolutions of international organisations (e.g. the World Summit
of the Information Societies (WSIS), the United Nations Educational, Scientific and
Cultural Organization (UNESCO), the International Telecommunications Union (ITU),
and the World Intellectual Property Organization (WIPO)). Through the experience and
exchange of views with experts from these organisations and through additional relevant
meetings, it was important to incorporate substantive positions of various stakeholders
from different countries within IFIP in this Declaration. To be able to consider as many
local contexts and experiences as possible, asmany IFIP experts and practitioners as pos-
sible are given the opportunity to contribute their ideas to the document. In this way, the
various experiences regarding current technological ICT developments and the resulting
demands on education in different national contexts can be taken into account. As this
will be a dynamic process, collected contributions and data will be supplemented and
updated from time to time. In this respect, the outcomes will represent a current status
and describe different development paths towards an end status in different countries.

Whilst the Zanzibar Declaration is a work-in-progress, details of the current process
and procedures to take this initiative forward are offered here. This will provide an idea
of the range of current concerns that TC3 is exploring from an international perspective,
relating to the future of computing and education. A matrix to provide an orientation
through identified key contemporary topics has been developed (see Fig. 1). This matrix
contains, in the left-hand column, emerging ICT technologies (T1 to T16), and in the
top two right-hand rows, the possible social impacts of different applications in areas of
societies (S1 to S11). Educational requirements resulting from the relationship between
the technologies and the social impacts in specific contexts need to be appropriately
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considered and addressed. Possible contributions to the Declaration can be made by
respondents; contributions can be assigned to a specific cell in the matrix, preferably
addressing in the response all three components (technology, social impacts, and educa-
tional requirements). Both positive and negative aspects of the respective topic should
be included, so that each contribution in a cell of the grid can be referenced, and indeed
based, on everyday practice.

Fig. 1. Orientation matrix of key themes relating to sustainable and future education with
computing.

As an example of a possible contribution, for T8Autonomous Systemwith S9Mobil-
ity, it would be possible to consider from a perspective that is Positive: Autonomous
Systems will change public and private transportation; they may lead to reduction of
traffic and emission of carbon dioxide; they will speed up transport and better tailor it
to individual needs. From a Negative perspective: there is high expenditure on technical
infrastructure; responsibility shifts fromhumans to algorithms; ethically difficult conflict
situations can arise; the wealth of data generated could be used for social surveillance;
destruction of workplaces (reducing onsite work) is considered possible. From an edu-
cational requirements (ER) perspective: IT basic understandings of autonomous systems
should be integrated into curricula in an appropriate form and with suitable tools at dif-
ferent age levels (for example, algorithms, robots, autonomous vehicles constructed by
students, (visual) programming language), and contextualised social impact should be
considered using story-telling examples (e.g. jobs of taxi drivers).

The view on this topic (T8/S9) would possibly look quite different from the per-
spective of another country, a developing country, for example. When exploring the
details in the matrix, it is, therefore, essential to consider the context-specific conditions
in the examples, as these may reveal diversities between different locations, different
cultural traditions, and institutional conditions. It will also be possible to view perspec-
tives through the impact of a specific ICT technology on societies by selecting a row
and addressing different areas of application. It will be possible to freely add any com-
bination of technology or social impacts not contained in the matrix, and to describe a
corresponding example.



Computers and Education 147

It might be that entries will not be completed for all fields of the matrix, but, con-
versely, there could be accumulations and clustering of content in and around some cells.
Thus, a heat map with example clusters on future relevant challenges could be created,
which could then be addressed more fully in the Zanzibar Declaration. In addition, a
collection of context-specific examples of the social impacts of future ICT technologies
and a consideration of their resulting educational challenges could be created in this
way.

Members of an initial working group have made first entries in some of the cells
of the matrix (see the 3-letter abbreviations in Fig. 1). From these, it was found that a
high degree of diversity arose when looking at specific topics. When the content of the
matrix is further completed, the concept and the results of the initiative will be evaluated
and presented at future conferences and meetings of TC3. It is planned that these events
will include the (postponed) WSIS Forum 2020 and the next WCCE. WSIS is a natural
platform to exchange perspectives gained on all the topics linked to this initiative with
policymakers, politicians and other stakeholders. Each year, in Geneva, Switzerland, the
WSIS Forum takes place with some 3,000 participants, supported by key international
organisations. One of the key outcomes of the WSIS events has been the adoption of an
agreed document entitled ‘Sustainable Development Goals (SDG)’. As WSIS states:

The 2030 Agenda for Sustainable Development, adopted by all United Nations
Member States in 2015, provides a shared blueprint for peace and prosperity for
people and the planet, now and into the future. At its heart are the 17 Sustainable
Development Goals (SDGs), which are an urgent call for action by all countries
- developed and developing - in a global partnership. They recognize that ending
poverty and other deprivations must go hand-in-hand with strategies that improve
health and education, reduce inequality, and spur economic growth – all while
tackling climate change and working to preserve our oceans and forests [82].

Having worked for four years with these guidelines, considering the local charita-
ble aims of the SDGs, it has become evident that in the 17 SDGs three of these are
prerequisites to meet real-world challenges of future ‘Information and Knowledge Soci-
eties’. These three are concerned with: Education (SDG 4); Security (mainly addressed
in SDGs 11, 16); and Ethics, Governance, and Code of Conduct (mainly addressed in
SDGs 11, 16). Effectively, without those three together, it is considered that there is
limited chance to realise socially just and environmentally friendly ‘Information and
Knowledge Societies’. Thus, education is one of the central fields and needs of activities
of the United Nations and the WSIS Forum, and the three SDGs are inherently related
to the topic of the Zanzibar Declaration that TC3 will develop to support its members
and wider communities worldwide.

11 The Impact We Have Had – and Where We Go from Here

The work of TC3 over the years has had impact on research, policy and practice as well
as more directly on IFIP and TC3 members. Impact on research is clear – the number
and range of conferences, published books and academic papers through its journal
EAIT are all a testament to the deep and broad contributions TC3 has made to the field.
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Citations and downloads, references and identification of future work, have all been
strong indicators of the impacts on research in this field. TC3 has also been instrumental
in running doctoral consortia that have been associated with conferences, supporting
young researchers in developing their practice and contacts.

Impact on policy is also clear. Members of TC3 and its WGs have often been key
stakeholders at policy level, either directly working in policy roles, or advising key
stakeholders in ministries and governments. In this respect, members of TC3 have con-
tributed to government andministry policy discussions and decisions in countries includ-
ing Botswana, Denmark, France, Italy, Israel, Lithuania, Norway, Poland, Switzerland,
and the UK. Policy support through TC3 work at institutional levels should also not
be ignored here. Members of TC3 have often been in key positions within their own
institutions, whether that be at school, college or university level. In all of these policy
cases, those individuals have been supported through insights they have gained fromTC3
conferences and meetings. In some cases, international collaboration has additionally
resulted at policy level.

Impact on practitioners is also apparent. There have been a range of educational
practitioners that have been members of TC3 and its WGs. In many cases, conferences
have been supplemented with workshops, specifically designed to support and inform
teachers, school leaders and school administrators. Feedback from these workshops has
been positive, and it is clear that TC3 andWGmembers have been active in disseminating
their expertise and experience at much wider international levels through routes such as
these.

TC3 has continued a tradition of offering opportunity for discussion and sharing of
expertise and experience – across the domains of research, policy and practice. In its
current and future work, TC3 will continue to focus on three important areas of concern:

• Monitoring and assessing the potential of emerging new technologies, as their devel-
opment will certainly not cease in the immediate future, and their application to
education will need to be continually and carefully considered.

• International sharing and contextual discussion will support a wider application of
new technologies to education, through an ongoing appropriate relationship between
research, practice and policy.

• The application of new technologies to support social and individual diversity and
needs will continue to be considered in the context of individual and community
needs.

TC3 has a continuing major role to play in the future. It can be argued that, in view
of contemporary challenges and contexts, there has never been a more important time
for sharing, for exploring ways and means to enable and empower further the important
working arenas of different stakeholders. Through implementing fundamental research,
policy and practice, wemay allow the fields of education and computing to come together
to support our future (in the arena of what is now being termed ‘digital education’).



Computers and Education 149

References

1. Tatnall, A., Davey, B. (eds.): Reflections on the History of Computers in Education. IAICT,
vol. 424. Springer, Heidelberg (2014). https://doi.org/10.1007/978-3-642-55119-2

2. Passey, D.: Early uses of computers in schools in the United Kingdom: shaping factors and
influencingdirections. In: Tatnall,A.,Davey,B. (eds.)Reflections on theHistory ofComputers
in Education. IAICT, vol. 424, pp. 131–149. Springer, Heidelberg (2014). https://doi.org/10.
1007/978-3-642-55119-2_9

3. Passey, D.: Computer science (CS) in the compulsory education curriculum: implications for
future research. Educ. Inf. Technol. 22(2), 421–443 (2017)

4. Passey, D., Shonfeld, M., Appleby, L., Judge, M., Saito, T., Smits, A.: Digital agency -
empowering equity in and through education. Technol. Knowl. Learn. 23(3), 425–439 (2018)

5. Scheepmaker, B., Zinn, K. (eds.): World Conference on Computer Education. North Holland,
Amsterdam, The Netherlands (1970)

6. Lecarme, O., Lewis, R. (eds.): Computers in education. In: Proceedings of the IFIP 2nd World
Conference. North Holland, Amsterdam, The Netherlands (1975)

7. Tinsley, D., Van Weert, T. (eds.): Liberating the Learner. Chapman & Hall, London (1995)
8. Reynolds, N., Webb, M. (eds.): Learning While We Are Connected. Nicholaus Copernicus

University Press, Torun, Poland (2013)
9. Tatnall, A., Webb, M. (eds.): WCCE 2017. IAICT, vol. 515. Springer, Cham (2017). https://

doi.org/10.1007/978-3-319-74310-3
10. Passey, D., Kendall, M. (eds.): TelE-Learning – The Challenge for the Third Millennium.

Kluwer, Alphen aan den Rijn, The Netherlands (2002)
11. Jacquart, R. (ed.): Building the Information Society. Kluwer, Alphen aan den Rijn, The

Netherlands (2004)
12. Kendall, M., Samways, B. (eds.): Learning to Live in the Knowledge Society. ITIFIP, vol.

281. Springer, Boston, MA (2008). https://doi.org/10.1007/978-0-387-09729-9
13. Reynolds, N., Turcsányi-Szabó,M. (eds.): KCKS2010. IAICT, vol. 324. Springer, Heidelberg

(2010). https://doi.org/10.1007/978-3-642-15378-5
14. Davies, G., Stacey, E. (eds.): Quality Education at a Distance. Kluwer, Alphen aan den Rijn,

The Netherlands (2003)
15. Martin, C.D.,Huff, C.,Gotterbarn,D.,Miller,K.:A framework for implementing and teaching

the social and ethical impact of computing. Educ. Inf. Technol. 1, 101–122 (1996)
16. Chitiyo, R.: The conceptualization of instructional technology by teacher educators in

Zimbabwe. Educ. Inf. Technol. 15, 109–124 (2010)
17. Voogt, J., Knezek, G., Roblin, N.P.: Educational challenges in a digitally networked world.

Educ. Inf. Technol. 20, 619–623 (2015)
18. Dillon, J.: Young people, creativity and new technologies: the challenge of digital arts. Educ.

Inf. Technol. 5, 63–65 (2000)
19. Tiernan, P.: A study of the use of Twitter by students for lecture engagement and discussion.

Educ. Inf. Technol. 19(4), 673–690 (2013). https://doi.org/10.1007/s10639-012-9246-4
20. Hinostroza, E., Rehbein, L.E., Mellar, H., Preston, C.: Developing educational software: a

professional tool perspective. Educ. Inf. Technol. 5, 103–117 (2000)
21. Rennstich, J.K.: Creative online collaboration: a special challenge for co-creation. Educ. Inf.

Technol. 24(2), 1835–1836 (2019). https://doi.org/10.1007/s10639-019-09875-6
22. Kendall, M.: Lifelong learning really matters for elementary education in the 21st century.

Educ. Inf. Technol. 10, 289–296 (2005)
23. McGrail, J.P., McGrail, E.: Overwrought copyright: why copyright law from the analog age

does not work in the digital age’s society and classroom. Educ. Inf. Technol. 15, 69–85 (2010)

https://doi.org/10.1007/978-3-642-55119-2
https://doi.org/10.1007/978-3-642-55119-2_9
https://doi.org/10.1007/978-3-319-74310-3
https://doi.org/10.1007/978-0-387-09729-9
https://doi.org/10.1007/978-3-642-15378-5
https://doi.org/10.1007/s10639-012-9246-4
https://doi.org/10.1007/s10639-019-09875-6


150 D. Passey et al.

24. Jervis, A., Gkolia, C.: “The machine stops”: one school’s rejection of integrated learning
systems. Educ. Inf. Technol. 10, 305–321 (2005)

25. Hutchens, J.S., Hayes, T.: In your facebook: examining facebook usage as misbehaviour on
perceived teacher credibility. Educ. Inf. Technol. 19, 5–20 (2014)

26. Lorenzo, G., Lledó, A., Arráez-Vera, G., Lorenzo-Lledó, A.: The application of immersive
virtual reality for students with ASD: a review between 1990–2017. Educ. Inf. Technol. 24(1),
127–151 (2018). https://doi.org/10.1007/s10639-018-9766-7

27. Qazdar, A., Er-Raha, B., Cherkaoui, C., Mammass, D.: A machine learning algorithm frame-
work for predicting students’ performance: a case study of baccalaureate students inMorocco.
Educ. Inf. Technol. 24, 3577–3589 (2019)

28. Marshall, G.: Guest editorial. Educ. Inf. Technol. 4, 214–220 (1999)
29. Somekh, B.: Learning for the twenty-first century: what really matters? Educ. Inf. Technol.

10(3) (2005)
30. Hu, C.: Students, computers and learning: where is the connection? Educ. Inf. Technol. 22(6),

2665–2670 (2017). https://doi.org/10.1007/s10639-017-9670-6
31. Schubert, S., Taylor, H.: Secondary informatics education. Educ. Inf. Technol. 9(2) (2004)
32. Multisilta, J.: Mobile and panoramic video in education. Educ. Inf. Technol. 19, 565–567

(2014)
33. Brodnik, A., Lewin, C.: A new culture of learning: developing computing in the curriculum

and advancing digital pedagogy. Educ. Inf. Technol. 22, 417–420 (2017)
34. Selwood, I., Mikropoulos, T., Whitelock, D.: Virtual reality. Educ. Inf. Technol. 5, 233–236

(2000)
35. Cruz, S., Carvalho, A.A.A., Araújo, I.: A game for learning history on mobile devices. Educ.

Inf. Technol. 22(2), 515–531 (2016). https://doi.org/10.1007/s10639-016-9491-z
36. Forkosh-Baruch, A., Hershkovitz, A., Greenhow, C.: Teachers and learning with social

network sites. Educ. Inf. Technol. 22, 599–603 (2017)
37. Brinda, T., Passey, D., Keane, T. (eds.): OCCE 2020. IAICT, vol. 595. Springer, Cham (2020).

https://doi.org/10.1007/978-3-030-59847-1
38. Passey, D., Bottino, R., Lewin, C., Sanchez, E. (eds.): OCCE 2018. IAICT, vol. 524. Springer,

Cham (2019). https://doi.org/10.1007/978-3-030-23513-0
39. Brodnik, A., Lewin, C. (eds.): A New Culture of Learning: Computing and Next Generations

(NCLCom). Vilnius University Press, Vilnius, Lithuania (2015)
40. Passey, D., Tatnall, A. (eds.): ITEM 2014. IAICT, vol. 444. Springer, Heidelberg (2014).

https://doi.org/10.1007/978-3-662-45770-2
41. Schubert, S., Davies, G., Stacey, E. (eds.): LYICT 2008: ICT and Learning in the Net

Generation. Open University Malaysia, Kuala Lumpur, Malaysia (2008)
42. Dowling, C., Lai, K.-W. (eds.): ICT and the Teacher of the Future. Kluwer, Alphen aan den

Rijn, The Netherlands (2003)
43. Webb, M.E., et al.: Challenges for IT-enabled formative assessment of complex 21st century

skills. Technol. Knowl. Learn. 23(3), 441–456 (2018). https://doi.org/10.1007/s10758-018-
9379-7

44. Fisser, P., Phillips,M. (eds.): Learners and LearningContexts: NewAlignments for theDigital
Age (EDUsummIT 2019), 29 September – 2 October 2019, Quebec City, Canada. https://edu
summit2019.fse.ulaval.ca/files/edusummit2019_ebook.pdf. Accessed 13 May 2020

45. Lai, K.-W., Voogt, J., Knezek, G. (eds.): Rethinking Learning in a Digital Age (EDUsummit
2017), 18–20 September, Borovets, Bulgaria. https://eprints.lancs.ac.uk/id/eprint/89048/1/
EDUSummIT_2017_eBook_final.pdf, Accessed 13 May 2020

46. Carvalho, A.A.: Using mobile devices and online tools to promote students’ learning. In:
Tatnall, A., Mavengere, N. (eds.) SUZA 2019. IAICT, vol. 564, pp. 7–15. Springer, Cham
(2019). https://doi.org/10.1007/978-3-030-28764-1_2

https://doi.org/10.1007/s10639-018-9766-7
https://doi.org/10.1007/s10639-017-9670-6
https://doi.org/10.1007/s10639-016-9491-z
https://doi.org/10.1007/978-3-030-59847-1
https://doi.org/10.1007/978-3-030-23513-0
https://doi.org/10.1007/978-3-662-45770-2
https://doi.org/10.1007/s10758-018-9379-7
https://edusummit2019.fse.ulaval.ca/files/edusummit2019_ebook.pdf
https://eprints.lancs.ac.uk/id/eprint/89048/1/EDUSummIT_2017_eBook_final.pdf
https://doi.org/10.1007/978-3-030-28764-1_2


Computers and Education 151

47. Lai, K.-W. (ed.): Technology Enhanced Quality Learning for All (EDUsummIT 2015), 14–
15 September, Bangkok, Thailand. http://www2.curtin.edu.au/edusummit/local/docs/edusum
mit2015-ebook.pdf. Accessed 13 May 2020

48. Manchester Metropolitan University (ed.): Addressing Educational Challenges: The Role of
ICT. Manchester Metropolitan University, Manchester (2012)

49. Thompson, J.B.: Education and software engineering. In: Impagliazzo, J. (ed.) History of
Computing and Education 2 (HCE2). IAICT, vol. 215, pp. 93–105. Springer, New York
(2006). https://doi.org/10.1007/978-0-387-34741-7_6

50. Barta, B.-Z., Hung, S.L., Cox, K.R. (eds.): Software Engineering Education. North-Holland,
Amsterdam, The Netherlands (1993)

51. Lee, M., Barta, M.-Z., Juliff, P. (eds.): Software Quality and Productivity: Theory, Practice,
Education and Training. Chapman & Hall, London (1995)

52. Barta, B.-Z., Tatnall, A., Juliff, P. (eds.): The Place of Information Technology inManagement
and Business Education. ITIFIP, Springer, Boston, MA (1997). https://doi.org/10.1007/978-
0-387-35089-9

53. Juliff, P., Kado, T., Barta, B.-Z. (eds.): Educating Professionals for Network-Centric Organ-
isations. ITIFIP, vol. 17. Springer, Boston, MA (1999). https://doi.org/10.1007/978-0-387-
35393-7

54. Nicholson, P., Thompson, J.B., Ruohonen, M., Multisilta, J. (eds.): E-Training Practices for
Professional Organisations. Springer, Heidelberg, Germany (2003)

55. vanWeert, T., Tatnall, A. (eds.): Information and Communication Technologies and Real-Life
Learning. ITIFIP, vol. 182. Springer, Boston, MA (2005). https://doi.org/10.1007/b136546

56. Tatnall, A., Thompson, J.B., Edwards, H.M. (eds.): Education, Training and Lifelong
Learning. International Federation for Information Processing, Laxenburg, Austria (2007).

57. Ley, T., Ruohonen,M., Laanpere,M., Tatnall, A. (eds.): OST 2012. IAICT, vol. 395. Springer,
Heidelberg (2013). https://doi.org/10.1007/978-3-642-37285-8

58. Tatnall, A., Mavengere, N. (eds.): SUZA 2019. IAICT, vol. 564. Springer, Cham (2019).
https://doi.org/10.1007/978-3-030-28764-1

59. Van Weert, T. (ed.): Education and the Knowledge Society: Information Technology
Supporting Human Development. Kluwer Academic Publications, Boston, MA (2005)

60. Kumar, D., Turner, J. (eds.): Education for the 21st Century — Impact of ICT and Digital
Resources. IIFIP, vol. 210. Springer, Boston, MA (2006). https://doi.org/10.1007/978-0-387-
34731-8

61. Barta, B.-Z., Telem, M., Gev, Y. (eds.): Information Technology in Educational Management.
IAICT, Springer, Boston, MA (1995). https://doi.org/10.1007/978-0-387-34839-1

62. Fung, A.C.W., Visscher, A.J., Barta, B.-Z., Teather, D.C.B. (eds.): Information Technology in
EducationalManagement for the Schools of the Future. ITIFIP, Springer, Boston,MA (1997).
https://doi.org/10.1007/978-0-387-35090-5

63. Fung, A.C.W., Visscher, A.J., Wild, P., Selwood, I. (eds.): The Integration of Information for
Educational Management. Felicity Press, Maine, USA (1998)

64. Nolan, C.J.P., Fung, A., Brown, M. (eds.): Pathways to Institutional Improvement with
Information Technology in Educational Management. Kluwer, Alphen aan den Rijn, The
Netherlands (2000)

65. Tatnall, A., Osorio, J., Visscher, A. (eds.): ITEM 2004. IIFIP, vol. 170. Springer, Boston, MA
(2005). https://doi.org/10.1007/b104289

66. Tatnall, A., Okamoto, T., Visscher, A. (eds.): ITEM 2006. IIFIP, vol. 230. Springer, Boston,
MA (2007). https://doi.org/10.1007/978-0-387-69312-5

67. Tatnall, A., Kereteletswe, O.C., Visscher, A. (eds.): ITEM 2010. IAICT, vol. 348. Springer,
Heidelberg (2011). https://doi.org/10.1007/978-3-642-19715-4

68. Brinda, T., Mavengere, N., Haukijärvi, I., Lewin, C., Passey, D. (eds.): SaITE 2016. IAICT,
vol. 493. Springer, Cham (2016). https://doi.org/10.1007/978-3-319-54687-2

http://www2.curtin.edu.au/edusummit/local/docs/edusummit2015-ebook.pdf
https://doi.org/10.1007/978-0-387-34741-7_6
https://doi.org/10.1007/978-0-387-35089-9
https://doi.org/10.1007/978-0-387-35393-7
https://doi.org/10.1007/b136546
https://doi.org/10.1007/978-3-642-37285-8
https://doi.org/10.1007/978-3-030-28764-1
https://doi.org/10.1007/978-0-387-34731-8
https://doi.org/10.1007/978-0-387-34839-1
https://doi.org/10.1007/978-0-387-35090-5
https://doi.org/10.1007/b104289
https://doi.org/10.1007/978-0-387-69312-5
https://doi.org/10.1007/978-3-642-19715-4
https://doi.org/10.1007/978-3-319-54687-2


152 D. Passey et al.

69. Tatnall, A. (ed.): Encyclopedia of Education and Information Technologies. Springer, Cham
(2020). https://doi.org/10.1007/978-3-030-10576-1

70. The Royal Society: Shut down or restart? The way forward for computing in
UK schools. http://royalsociety.org/uploadedFiles/Royal_Society_Content/education/policy/
computing-in-schools/2012-01-12-Computing-in-Schools.pdf. Accessed 13 May 2020

71. Wilson, C., Sudol, L.A., Stephenson, C., Stehlik, M.: Running on empty: the failure to teach
K-12 computer science in the digital age. ACM, New York, NY (2010)

72. Joint Informatics Europe, ACM Europe Working Group on Informatics Education: Informat-
ics education: Europe cannot afford to miss the boat: report of the joint Informatics Europe
& ACM Europe Working Group on Informatics Education. http://www.informatics-europe.
org/images/documents/informatics-education-europe-report.pd. Accessed 13 May 2020

73. Bell, T., Andreae, P., Robins, A.: Computer science in NZ high schools: the first year of the
new standards. Paper presented at the 43rd ACMTechnical Symposium on Computer Science
Education, Raleigh, NC (2012)

74. Hazzan, O., Gal-Ezer, J., Blum, L.: A model for high school computer science education: the
four key elements that make it! SIGCSE Bull. 40(1), 281–285 (2008)

75. Webb, M., et al.: Computer science in K-12 school curricula of the 2lst century: why, what
and when? Educ. Inf. Technol. 22(2), 445–468 (2016). https://doi.org/10.1007/s10639-016-
9493-x

76. Fluck, A., et al.: Arguing for computer science in the school curriculum. Educ. Technol. Soc.
19(3), 38–46 (2016)

77. Young, M.: Overcoming the crisis in curriculum theory: a knowledge-based approach. J.
Curric. Stud. 45(2), 101–118 (2013)

78. Angeli, C., et al.: A K-6 computational thinking curriculum framework: implications for
teacher knowledge. Educ. Technol. Soc. 19(3), 47–57 (2016)

79. IFIP TC3 Curriculum Task Force: Coding, Programming and the Changing Curriculum for
Computing in Schools: Report of UNESCO/IFIP TC3 Meeting at OCCE – Wednesday 27th
of June 2018, Linz, Austria. https://www.ifip-tc3.org/publications/. Accessed 13 May 2020

80. Thematic Working Group 4: State of the art in thinking about machine learning: implications
for education. In: Fisser, P., Phillips, M. (eds.) Learners and Learning Contexts: New Align-
ments for the Digital Age (EDUsummIT 2019), 29 Sept–2 Oct 2019, Quebec City, Canada
(2020). https://edusummit2019.fse.ulaval.ca/files/edusummit2019_ebook.pdf. Accessed 13
May 2020

81. Ollagnier-Beldame, M.: The IFIP Stellenbosch declaration: browsing the researchers’ and
practitioners’ core ideas on ICT in education. Paper presented at the IFIP Conference, June
2006, Alesund, Norway (2006)

82. United Nations General Assembly: Transforming our world: the 2030 agenda for sus-
tainable development. https://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&
Lang=E. Accessed 13 May 2020

https://doi.org/10.1007/978-3-030-10576-1
http://royalsociety.org/uploadedFiles/Royal_Society_Content/education/policy/computing-in-schools/2012-01-12-Computing-in-Schools.pdf
http://www.informatics-europe.org/images/documents/informatics-education-europe-report.pd.
https://doi.org/10.1007/s10639-016-9493-x
https://www.ifip-tc3.org/publications/
https://edusummit2019.fse.ulaval.ca/files/edusummit2019_ebook.pdf
https://www.un.org/ga/search/view_doc.asp%3Fsymbol%3DA/RES/70/1%26Lang%3DE

	Computers and Education – Recognising Opportunities and Managing Challenges
	1 The Shifting Focus of IFIP TC3’s Concerns - Education for, with, and through Computing
	2 Challenges in Developing Awareness and Practices of Computer Uses in Education
	3 Involving and Influencing – TC3 Conferences and Their Focus
	4 The TC3 Academic Journal, its Articles and Their Focus
	5 WG3.1 – Informatics and Digital Technologies in School Education - Emerging Themes
	6 WG3.3 – Research into Educational Applications of Information Technologies - Emerging Themes
	7 WG3.4 – Professional and Vocational Education in ICT - Emerging Themes
	8 WG3.7 – Information Technology in Educational Management (ITEM) - Emerging Themes
	9 TC3 Task Force - Deeper Understanding of the Roles of Computer Science and Informatics
	10 Education and Computing - Visions and Declarations
	10.1 The Stellenbosch Declaration
	10.2 The Dublin Declaration
	10.3 Issues that We Face Internationally - the Zanzibar Declaration - Sustainable Education in the Digital Age

	11 The Impact We Have Had – and Where We Go from Here
	References




