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Technology in education: 
A  T O O L  O N  W H O S E  T E R M S ?



The adoption of digital technology has resulted in many changes in education  
and learning, yet it is debatable whether technology has transformed education 
as many claim. The application of digital technology varies by community and 
socioeconomic level, by teacher willingness and preparedness, by education level  
and by country income. Except in the most technologically advanced countries, 
computers and devices are not used in classrooms on a large scale. Moreover,  
evidence is mixed on its impact. The short- and long-term costs of using digital 
technology appear to be significantly underestimated. The most disadvantaged  
are typically denied the opportunity to benefit.

In asking ‘A tool on whose terms?’, the Report shows that regulations 
for technology set outside of the education sector will not necessarily 
address education’s needs. It is released along with a #TechOnOurTerms 
campaign, calling for decisions about technology in education to 
prioritize learner needs after assessment of whether its application 
would be appropriate, equitable, evidence-based and sustainable.

It provides a compass for policy makers to use when making these 
decisions. Those in decision-making positions are asked to look down 
at where they are, to see if technology is appropriate for their context, 
and learning needs. They are asked to look back at those left behind, to make 
sure they are focusing on the marginalized. They are reminded to look up at whether 
they have evidence on impact and enough information on the full cost needed to make 
informed decisions. And, finally they are asked to look forwards, to make sure their 
plans fit their vision for sustainable development.

The report underscores the importance of learning to live both with and without digital 
technology; to take what is needed from an abundance of information but ignore what 
is not necessary; to let technology support, but never supplant, the human connection 
on which teaching and learning are based. The focus should be on learning outcomes, 
not digital inputs. To help improve learning, digital technology should be not a substitute 
for but a complement to face-to-face interaction with teachers.

Supporting the sixth Global Education Monitoring Report is a new series of country profiles 
on PEER, a policy dialogue resource describing policies and regulations related to 
technology in the world’s education systems.

Since wars begin in the minds of men and 
women, it is in the minds of men and women that 
the defenses of peace must be constructed

Can technology solve the most important 
challenges in education?

S H O R T  S U M M A R Y

It would cost 
USD 1 billion per 
day to maintain 
connectivity for 

education in poor 
countries
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Foreword
During the COVID-19 pandemic, distance-learning tools – via the Internet but also via radio and television – showed just 
how useful and necessary they could be. However, they also revealed their limits.

Indeed, this period highlighted a deep-rooted tendency to see technological solutions as a universal tool, suitable for all 
situations, an inevitable form of progress. This confusion between the tool and the solution, between the means and the 
end, is what this report invites us to address, by highlighting three paradoxes – three popular misconceptions.

Firstly, there is the promise of personalized learning. Very often, this powerful hope leads us to forget the fundamental 
social and human dimension that lies at the heart of education. It is worth reiterating the obvious: no screen can ever 
replace the humanity of a teacher. As underlined in the UNESCO ‘Futures of Education’ report, published in 2021, 
the relationship between teachers and technology must be one of complementarity – never of substitutability.

While technology promises easier access to education, the reality is that digital divides still exist, to the point of actually 
increasing educational inequalities – which is the second paradox that this report highlights. During the pandemic, almost 
a third of pupils did not have effective access to distance learning – unsurprisingly, since only 40% of primary schools 
worldwide currently have Internet access. Even if connectivity was universal, it would still be necessary to demonstrate, 
from a pedagogical point of view, that digital technology offers real added value in terms of effective learning, especially 
at a time when we are all becoming aware of the risks of excessive screen time.

The last paradox, and by no means the least, is that, despite the desire to make education a global common good, the role 
of commercial and private interests in education continues to grow, with all the ambiguities that entails: to date, only one 
in seven countries legally guarantees the privacy of educational data.

These three pitfalls can be avoided, which is why our report makes two strong recommendations that should serve as a 
compass. Firstly, it recommends that the best interests of pupils should systematically take precedence over any other 
consideration – particularly commercial considerations. Secondly, it recommends that technology should be seen as a 
means, never an end.

To make these recommendations reality, UNESCO is calling on its Member States to ensure the fair, equitable and safe 
development of educational technologies. This means establishing appropriate normative frameworks and setting 
standards in terms of privacy, access to data, non-discrimination and screen time. It also means launching ambitious 
public action and international cooperation programmes, to support access to connectivity and open educational 
resources, and to train teachers on these new and constantly evolving issues.

The conclusions of this report are therefore a starting point to build on, in particular by identifying teaching methods that 
really work remotely and by continuing research on these subjects to inform public action. Always with the same goal in 
mind: ensuring that technology serves education, not the other way round.

Audrey Azoulay 
Director-General of UNESCO
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Foreword
Education and technological innovation are intrinsically interlinked. New ideas lead to digital transformation, which feeds 
back in turn to help us improve education systems. Together, education and technology can lead to holistic system-level 
quality improvement and greater equity. 

Before becoming Minister, my education led me to work with multiple technologies to develop prosthetic sockets for 
amputees, a system that enables people to walk with greater comfort; to walk to school and on through life.  My role then 
as both Minister of Basic and Senior Secondary Education and as Chief Innovation Officer for the Government of Sierra 
Leone continued to draw on this link and the benefits that can come from imagining technology as an enabler.

This report highlights the extent to which the relationship between education and technology is delicate, however, 
in particular digital technology. Understanding when and how to use and not to use technology to serve our educational 
objectives is becoming a critical skill for 21st century education leaders. There are multiple benefits, for instance, that 
come from handling the data generated by education systems and using it to improve the effectiveness and efficiency of 
our education systems to cater for the education needs of all children. 

In Sierra Leone, we understand this.  Data brought by technology can give us a picture of the health of our education 
system, just as it can help us make sure that the learning journeys of each and every child is on the right path. Our push for 
radical inclusion is not only fuelled by, but depends upon data.  We count everyone so that no one is left out.  Our EdTech 
strategy is firmly synchronized with our long-term vision of delivering inclusive, quality education for all learners and 
teachers. 

When it works well, the data we generate in our education system is the best guide for the policies we need to implement 
to make things better. This is true for policy makers as it is for teachers, school directors, teachers, parents and 
communities. Our leaders in primary schools are now prepared to use tablets to collect and apply dynamic data to manage 
their schools; to oversee teacher registration, student enrolment and attendance. 

There are benefits in speed and efficiency. This includes building systems based on unique student and school identifiers 
as we have done since 2018. Our digitized annual school census can flag up an issue far faster than many physical 
inspection visits could do - albeit we need both. 

Problem areas such as inequality in school and inefficient resource distribution can also be prevented if we can visualize 
their resolution.  This report reminds us that the use of geospatial data does just that. It remains nascent in low- and 
lower-middle-income countries, even though it is needed there the most. In Sierra Leone, we are looking at ways of 
maximizing these innovations with a GIS tool that considers new school locations based on poverty, population and flood 
risk data. It identifies where we have blind spots; where we could improve; and where we could learn. 

Efficiency benefits can also come in some instances from technology’s ability to roll out policy reforms far and fast. 
Increasingly, this report documents, countries are buying into the undeniable advantages that come from using 
technology for teacher professional development, for instance. This breaks down barriers related to location or time; it 
is cost-effective, fosters teacher-to-teacher collaboration and improves teaching practices.  In Sierra Leone, we combine 
audio, visual and digital resources with printed workbooks to enhance teacher training and bring excitement around 
technology’s potential into pedagogy from the start. 

But this report also shows that seamlessly moving to a new tech-savvy system of management is not always easy or 
cheap. Perhaps unsurprisingly, there is a gap between the expected benefits of technology on education management 
and their realization. Seemingly trivial issues such as maintenance and repair of infrastructure can be ignored or 
underestimated. Sometimes the very objective of improving learning is forgotten when learning analytics are designed. 
We may forget to account for our capacity and resources. 
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By simplifying the process of obtaining information, it 
can negatively impact student motivation to perform 
independent research and derive solutions  
(Kasneci et al., 2023). 

DIGITAL TECHNOLOGIES APPEAR TO 
IMPROVE STUDENT ENGAGEMENT
Digital technologies – games, interactive whiteboards, 
simulators and collaboration tools – when effectively 
integrated in pedagogy by teachers and with appropriately 
designed features can engage students through varied 
representations and interaction. Some of these tools can 
also enhance parental and caregiver support and indirectly 
affect student outcomes. 

DIGITAL GAMES FACILITATE KNOWLEDGE 
ACQUISITION IN INTERACTIVE WAYS

Educational games and the incorporation of gamification 
elements in digital learning can improve academic 
and non-academic skills through increasing learners’ 
interaction (Schindler et al., 2017). Playing computer 
games has been found to support learning in science, 
mathematics and second languages compared to other 
forms of instruction. They can motivate students to initiate 
game play and persist in learning for longer durations 
(Mayer et al., 2019). A systematic review of 43 studies on 
digital game–based applications in mathematics education 
found a mostly positive impact on knowledge acquisition, 
cognitive skills and motivation to study mathematics 
(Hussein et al., 2022). In Brazil, a game-based intervention 
to help primary school students learn and practise four 
basic arithmetic operations using tablets involved playing 
the game for up to 20 minutes during the school day for 
two months. Compared to a control group, students’ 
scores in mathematics increased, an impact that persisted 
a year after the evaluation (Hirata, 2022). 

Game-based applications are being used more and more in 
low-resource settings to practise literacy and mathematics 
skills. In Cambodia, the Total Reading Approach for Children 
Plus initiative is a game-based application developed by a 
non-governmental organisation. It promoted early grade 
reading among struggling grade 1 to 3 students with a 
pedagogy that focused on practising the Khmer alphabet, 
vocabulary and phonetics, complementing the early grade 
reading curriculum. A study found positive perceptions 
of its impact on grade 2 and 3 students in reading. 
The interactive game-based nature, user-friendly interface 
and related instructional support engaged learners and 
educators, although the design needed further alignment 
to users’ needs and capabilities (Oakley et al., 2022). 

A systematic review of literature on mobile-learning 
applications targeting refugees showed that one in three 
applications studied were learning approaches based 
on games (Drolia et al., 2022). In Jordan, using Feed 
the Monster, a game-based smartphone application, 
for 22 hours over 2 months improved foundational literacy 
skills among Syrian refugee children. The game also 
increased peer interaction and received positive feedback 
from parents (Koval-Saifi and Plass, 2018). 

A review of empirical and theoretical studies on 
gamification showed that gaming strategies and features, 
such as multimedia, graphics, role playing, competition 
through leader boards and rewards with digital points and 
badges for completing activities, had a positive influence 
on students’ motivation to learn, decision-making and 
collaboration skills (Dichev and Dicheva, 2017). Kahoot!, 
a game-based learning platform, was reportedly used 
by at least half of all students in the United States in 
2022, as well as more than 24 million users and 8 million 
teachers globally (Kahoot!, 2023). A review of 93 studies 
found that Kahoot! can have a positive effect on learning 
compared to other tools and approaches, in various 
contexts and domains. Qualitative studies identified the 
use of leader boards, audiovisual features like high-quality 
animated graphics, individual feedback and increased 
classroom interaction as contributing to an engaging 
learning environment (Wang and Tahir, 2020). 

Adult interaction can influence the learning impact of 
game-based interventions. GraphoGame is an adaptive 
digital game used in over 20 countries that promotes 
reading fluency by helping children develop sound–
symbol connections. It automatizes repeated practice 
of word recognition and provides immediate feedback. 
A meta-analysis of 19 studies measuring its impact on 
word reading in multiple languages did not find an overall 
positive impact. However, while self-use was associated 
with no effect, adult involvement was associated with 
positive effects (McTigue et al., 2020). A French study 
of GraphoGame with a sample of grade 1 students from 
disadvantaged neighbourhoods found that 4 months 
of playing the game 4 times a week for 30 minutes had 
a positive impact on word-reading fluency, as teachers 
provided active support throughout (Lassault et al., 2022). 

Augmented and virtual reality technology in games can 
also affect student attitudes towards certain subjects. 
A systematic review found that digital simulation–based 
games had a positive impact on learner motivation to 
study physics (Ullah et al., 2022). Simulations of real-world 
scenarios in digital games allow students to role-play, 
practise prosocial behaviours and learn decision-making in 
less intimidating virtual spaces (Rui, 2023). A game-based 
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INTENSIVE TECHNOLOGY  
USE NEGATIVELY IMPACTS  
STUDENT PERFORMANCE  
AND INCREASES DISRUPTION
In contrast to digital technology’s potential to improve 
education, there are also risks of ICT in education, which 
are often ignored by research and evaluations. Student 
use of devices beyond a moderate threshold may have 
a negative impact on academic performance. The use 
of smartphones and computers disrupts classroom and 
home learning activity. A meta-analysis of research 
on the relationship between student mobile phone 
use and educational outcomes covering students from 
pre-primary to higher education in 14 countries found a 
small negative effect, which was larger at the university 
level. The decline is mostly linked to increased distraction 
and time spent on non-academic activities during learning 
hours. Incoming notifications or the mere proximity of a 
mobile device can be a distraction, resulting in students 
losing their attention from the task at hand. The use of 
smartphones in classrooms leads to students engaging 
in non-school-related activities, which affects recall and 
comprehension (Kates et al., 2018). A study found that it 
can take students up to 20 minutes to refocus on what 
they were learning after engaging in a non-academic 
activity (Carrier et al., 2015; Dontre, 2021). Negative 
effects are also reported in students from the use of 
personal computers for non-academic activities during 
class, such as internet browsing, and in their peers who  
are in view of the screen (Hall et al., 2020). 

Studies using data from large-scale international 
assessments, such as PISA, also indicate a negative 
association between excessive ICT use and student 
performance (Gorjón and Osés, 2022). By categorizing ICT 
usage at home and in school as low, medium or high, more 
intensive use beyond a threshold was most often found 
to be correlated with diminishing academic performance 
while moderate usage was most often associated with 
positive academic outcomes. Analysis of 2018 PISA data 
from 79 countries constructed an online activity index 
based on online activities such as emailing, scheduling 
events, web browsing and chatting. After controlling 
for various student-, school- and country-level factors, 
a positive association was found between ICT use and 
reading, mathematics and science scores up to a threshold 
of optimal use. Beyond a ‘several times a week’ threshold, 
diminishing academic gains were reported. The finding that 
excessive use of ICT does not provide extra returns beyond 
a level remained consistent across all socioeconomic 
categories of students (Bhutoria and Aljabri, 2022). 

Medium levels of ICT use were consistently associated 
with better reading outcomes in another study that used 
PISA data. While the number of students classified as 
high ICT users rose between 2009 and 2018, significant 
positive impacts on academic outcomes were not observed 
(Borgonovi and Pokropek, 2021). After controlling for 
gender and socioeconomic status, analysis of 2015 PISA 
data from the Netherlands found that students with 
moderate access and use of ICT for homework, both at 
and outside school, had the highest reading performance 
(Gubbels et al., 2020).

Studies on teacher perceptions of the use of tablets and 
phones highlight difficulties in classroom management, 
when students visit websites other than those indicated 
by teachers or due to the increased level of noise in the 
classroom (Nikolopoulou, 2020). More than one in three 
teachers from seven countries that participated in the 
2018 ICILS – and one in two teachers in Denmark – agreed 
that the use of ICT in classrooms distracts students from 
learning (Fraillon et al., 2020). The use of social media 
in the classroom is also disruptive, increasing academic 
distraction with negative effects on learning outcomes 
(Dontre, 2021). Analysis of PISA data between 2009 and 
2018 showed a negative corelation between the use of 
social media in school and digital reading performance  
(Hu and Yu, 2021).

Online learning, such as during the COVID-19 pandemic, 
relies on student ability to self-regulate learning and may 
therefore put low-performing students further at risk 
of disengagement; experimental studies indicate that 
high-performing students find it easier to engage with 
technology in productive ways (Bergdahl et al., 2020). 
In Belgium, the Netherlands and Switzerland, not only did 
student performance decline, but inequality increased, 
likely due to factors such as a lack of family support. In the 
Netherlands, after eight weeks of school closure, learning 
losses were up to 60% greater among students whose 
parents were less educated (Azevedo et al., 2022). Analysis 
of more than 2.1 million primary and lower secondary 
school students in 10,000 schools in the United States 
found that schools in high-poverty neighbourhoods 
spent about 5.5 more weeks in remote instruction in 
2020/21 compared to schools in low- and medium-poverty 

 

Incoming notifications or the mere proximity  
of a mobile device can be a distraction, leading 
to students losing their attention from the 
task at hand
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neighbourhoods and reported lower academic outcomes 
(Goldhaber et al., 2022).

The switch to online learning affected primary school 
learners more than older students, who may have 
been able to sustain their learning better in a remote 
environment. In Switzerland, in a comparison eight weeks 
before and during school closures, secondary school 
students sustained learning progress in online learning, 
while learning gains for primary school children slowed 
down. Both primary and secondary school children learned 
twice as fast from in-person instruction compared to 
remote instruction (Tomasik et al., 2021).

Apart from immediate disruptions to teaching and 
learning, the use of technology is associated with 
negative impacts on physical and mental well-being and 
increased susceptibility to online risks and harms, which 
affect academic performance in the long term. Education 
systems have adopted various approaches, ranging from 
restricting use of devices to banning them completely 
(Chapter 8). 

CONCLUSION

Technology has great promise for improving existing 
teaching and learning processes. However, evidence of 
success is limited and this is particularly true of large-scale 
research that systematically explores how technology 
can facilitate positive changes in a sustained way and in 
diverse contexts. Attributing conclusive, specific learning 
outcomes to hardware or software is challenging. 
Positive impact is often dependent on strong pedagogical 
alignment and teacher input.

Evidence on the use and effectiveness of technology 
shows that beyond affecting individual learning outcomes, 
it can both facilitate and disrupt teaching and learning 
processes. While technology offers many affordances – 
supplementing and personalizing instruction, offering 
more opportunities for practice, stimulating student 
engagement through audiovisual, interactive and 
collaborative ways – it can also increase the risk of 
distraction and disengagement. 

Given the overwhelming number of technology products 
and platforms available, governments need to base 
their decisions on procurement and scaling up on 
reliable evidence that looks at the long-term effects 
of interventions, carefully considering all pedagogical 
elements involved. The design and delivery of education 
technology interventions need to be tailored to local 
contexts. Successful technology interventions rely upon 
the long-established building blocks of strong pedagogical 
integration by teachers, additional instructional time and 
robust facilitation.

 

Positive impact is often dependent on strong 
pedagogical alignment and teacher input
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Technology innovations – from the personal computer, 
the internet and search engines, to smartphones, social 
media and natural language models – are transforming the 
way people work and live, as individuals and as citizens. 
The pace of change is unrelenting. Boundaries between 
the physical world and the virtual world are becoming 
porous. People, businesses and machines are always ‘on’, 
hyperconnected, and the capacity to store and process 
data is expanding so much that analytics determine ever 
more aspects of everyday lives. People need new skills to 
navigate changing economies and societies, to make the 
most of opportunities as well as protect themselves from 
risks. They also need to know how to shield themselves 
and others from threats to security, freedoms and rights, 
and understand the import of behaving as responsibly in 
the digital world as they do in the physical one.

Today, two in three people in the world use the internet, 
ranging from 26% in low-income to 92% in high-income 
countries. Among young people, the ratio increases to 
three in four globally, ranging from 39% in low-income to 
99% in high-income countries (ITU, 2022c). Additionally, 
people are using the internet for a wider variety of tasks. 
For instance, in Organisation for Economic Co-operation 
and Development (OECD) countries, the percentage of 
internet users who obtained information about goods and 
services on the internet increased from 40% in 2005 to 
75% in 2021 (OECD, 2022).

The explosion in demand for skills to navigate the changing 
aspects of digital technology poses a major challenge to 
public education and training systems, for three reasons. 
First, there are multiple definitions of these skills. Some 
are narrowly related to job requirements, sometimes 
even associated with specific proprietary technologies. 
Education systems must clearly identify which skills are 
needed in order to prepare curricula. Second, it will be 
costly for education systems to develop the necessary 
conditions, including training educators, to keep up with a 
pace of change that well exceeds what education systems 
are used to: curricular reforms are estimated to take 
place every 10 years on average. Third, as a result of the 
slow pace of change in formal education and the rapid 
and constant generation and diffusion of technological 
innovation, digital skills are typically acquired out of  
school. In brief, public education and training systems 
cannot deliver all digital skills and have to prioritize an 
essential core set. 

This chapter introduces a working definition, national 
frameworks and approaches to measurement of digital 
skills. Despite the fact that such skills are often acquired 
outside formal education systems, there are country 
efforts to develop them among children, youth  
and adults.

THE DEFINITION OF DIGITAL SKILLS 
MUST BE BROAD
The definition of digital skills has been evolving while 
digital technologies are evolving. Originally, they were 
viewed from an instrumental perspective that focused on 
the ability to use digital devices and online applications. 
The skills typically covered basic hardware and software 
operations, email, and search functions. While this 
definition is relatively easy to monitor, it is too narrow 
to be relevant for policy (van Dijk, 2020; Mattar et al., 
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DIGITAL SKILLS ARE HARD TO MEASURE 

Digital skills are difficult to measure. Commercial digital 
skills frameworks, which define skills narrowly, are usually 
tied to assessment tools offering certification that can be 
used for labour market purposes, for a fee. By contrast, 
government digital skills frameworks tend be broad. As a 
result, not all of these skills can be measured with one tool, 
as assessments can vary by purpose, target group, uptake, 
item development, reliability, validity, delivery mode, cost, 
scalability, and responsible authority (UNESCO, 2019).

THERE ARE CONCEPTUAL AND OPERATIONAL 
CHALLENGES IN MEASURING DIGITAL SKILLS

Assessments of digital skills need to address three 
problems (Reichert et al., 2023). The first is that digital 
literacy is multidimensional, and it has proven difficult 
to capture all dimensions in one assessment (Ihme et al., 
2017). The second problem is comparability over time. 
Monitoring tracks specific digital skills development over 
time, but new technologies emerge constantly, making 
this difficult. Amending assessment frameworks and tools 
to capture these changes risks fundamentally changing 
the digital literacy concept being measured, and can make 
results non-comparable over time. 

The third problem is fairness. Valid comparisons between 
students by gender, socioeconomic status and country 
require assessment tasks and items that do not favour 
all groups. Biased items tend to be removed at the 
design stage, but meta-analyses show that some remain 
(Scherer and Siddiq, 2019). Access to digital devices and 
the internet, digital skills and school conditions are linked 
to socioeconomic divides (van Dijk, 2006, 2020). Also, 
biases can be exacerbated in cross-national assessments. 
However, one module related to problem-solving in 
technology-rich environments from the Programme for 
the International Assessment of Adult Competencies 
(PIAAC), used in 21 countries, was found to be suitable for 
country comparisons across gender, age groups, education 
levels and migration backgrounds (Gorges et al., 2017). 
The International Computer and Information Literacy Study 
(ICILS) also examines item-by-country interactions to 
detect culturally biased items, omitting those with large, 
country-specific effects (Fraillon et al., 2020). However, 

even in Denmark, Germany and Norway, which share 
cultural affinities, study participants found some ICILS 
tasks to have a different degree of difficulty  
(Bundsgaard, 2019). 

There are also operational challenges. Assessments 
of digital skills are administered in either authentic or 
simulated software environments. Authentic software 
environments aim to ensure accuracy, yet the results may 
reflect familiarity with a specific software rather than 
general digital literacy (Reichert et al., 2020), so students 
more experienced in using the assessment software 
tend to obtain better test scores (UIS, 2018). Conversely, 
simulated environments simplify real-world software 
applications and may not fully capture student ability 
to handle tasks using common software applications 
(Reichert et al., 2020). Meanwhile, little is known about 
the effects of different digital devices on digital literacy 
performance, which may be relevant in self-administered 
assessments. Also, screen size, display resolution 
and display refresh rate can affect performance in 
computer-based tests (Bridgeman et al., 2003;  
Jensen, 2020).

CURRENT MEASURES SUGGEST LOW DIGITAL SKILL 
LEVELS AND WIDE GAPS

Existing assessments try to measure digital skill levels 
and progress, while acknowledging the challenges 
above. The SDG 4 monitoring framework initially tried 
to distinguish between a self-reported measure of 
‘information and communication technology (ICT) skills’ 
(global indicator 4.4.1) based on household surveys and 
a directly assessed measure of ‘digital literacy’ (digital 
indicator 4.4.2). The first measure captures familiarity 
with selected practices, and the second measure captures 
some of the multiple dimensions of digital skills. However, 
in practice, it has not been possible to clearly separate the 
two concepts and their information sources. 

Given the difficulty of carrying out direct assessments 
globally, recent efforts have focused on consolidating 
indicators. One example is the composite ‘digital skills’ 
indicator, developed by the European Commission 
(Vuorikari, Jerzak, et al., 2022a). Based on a self-reported 
survey in the European Union (EU) of ICT use by households 
and individuals, this composite indicator assesses whether 
individuals have performed selected activities on the 
internet, which have been mapped against the DigComp 
competence areas (Table 5.3). In total, 12 out of the 
21 DigComp competences were captured by the survey, 
with ongoing efforts to adapt the tool in future iterations 
to meet emerging needs. One such example was the 
addition of a skill measure for safety in 2021.  

 

Monitoring tracks specific digital skills 
development over time, but new technologies 
emerge constantly, making this difficult
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DIGITAL SKILLS ARE ACQUIRED  
IN FORMAL EDUCATION AND OUTSIDE IT

Formal skills training is only one way of acquiring digital 
skills and may not even be the main one, as indicated by 
inequality in digital skills by individual characteristics, 
such as age, sex, socioeconomic status, education and 
occupation, social capital and health (Helsper and Eynon, 
2013). There is remarkably little evidence on how digital 
skills are acquired considering there are not only multiple 
pathways but also multiple outcomes. 

In 2011, as part of the EU ICT household survey, individuals 
reported the ways in which they had obtained such skills. 
This question has not been asked since and remains, 
even though out of date, a rare source of comparative 
information. The answers showed that about one quarter 
of adults in EU member states, ranging from 16% in Italy to 
40% in Sweden, had acquired skills through a ‘formalized 
educational institution (school, college, university, etc.)’. 
A less formal route, such as training courses and adult 
education centres, selected either by the person's own 
initiative or employer demand, was used by half as many 
adults. By contrast, informal learning, such as self-study, 
or informal assistance from colleagues, relatives and 
friends, was used on average by twice as many adults 
(Figure 5.8). 

Social media platforms, whose monthly active users 
reached 4.7 billion in 2021 (OECD, 2022), help people 
communicate as well as pursue personal projects, 
encouraging them along the way to develop production, 
web hosting and social networking skills. Children develop 
coding and programming skills through digital games, 
commercially available robotic kits and puzzle-style 
digital applications. For instance, millions of students 
worldwide have established foundational programming 
skills, computational skills, and an interest in computer 
science subjects with the help of Code.org, a non-profit 
organization (Ali and Recep, 2021). People have developed 
digital literacy skills in public libraries and community 
centres. In Chile, between 2002 and 2017, the national 
digital literacy campaign was based on the programme 
BiblioRedes, a public library network (Chile National 
System of Public Libraries, 2017). In rural Sri Lanka, 
the e-Library Nenasala Program provided visitors to public 
libraries and religious community centres with access to 
computers and the internet (Andree, 2015). 

This does not suggest that formal education is not 
important for obtaining digital skills. Indeed, those who 
have completed more formal education are better placed 
to continue with their education, including informally. 
In 2018, those with tertiary education in Europe were twice 
as likely (18%) as those with upper secondary education 
(9%) to engage in free online training or self-study to 
improve their computer, software or application use skills 
(Figure 5.9). Moreover, a solid mastery of literacy and 
numeracy skills is positively associated with mastery 
of at least some digital skills, for instance, media and 
information literacy.

FI GURE 5.7: 
Students from disadvantaged socioeconomic 
backgrounds are less likely to achieve a minimum level 
of digital skills
Computer and information literacy score of grade 8 students, 
by number of books at home, selected countries, 2018
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However, material resources are only part of the challenge 
for formal education systems. There are also questions 
about the kind of content, pedagogy and outcomes that 
best help develop digital skills, especially given the rapid 
evolution of technology. Formal education systems tend 
to focus on specialized skills; however, these may be 
superficial, require time for teacher training and curricula 
preparation, quickly become obsolete, and may ultimately 
be less effective in helping navigate the digital world than 
general skills (OECD, 2019a). In addition, formal education 
systems – teachers in particular – need to accept, value 
and integrate the experience and knowledge students 
have acquired outside school, ‘looking in more depth at 
the complex and diverse reality of children’s digital literacy 
practices to better understand the skills, knowledge and 
understanding they are developing’ (Grant, 2010 p. 17).

COUNTRIES HAVE DEVELOPED VARIOUS 
WAYS TO BUILD DIGITAL SKILLS
Countries’ digital skills policies, plans and strategies are 
developing rapidly. Some adopt a broad view of digital 
skills, and some focus on a narrow set of technical skills. 
Others take an intergenerational approach, while others 
still specifically target particular groups, such as children 
or parents (Box 5.1), or education levels. National examples 
related to five key competence areas are useful in 
illustrating the various ways in which countries are  
building digital skills.

These policies tend to be directed at primary and 
secondary education, although policies have also been 
adopted in technical and vocational education and 
training (TVET), and in higher education. The Ministry 
of Education and Higher Education of Lebanon included 
digital skills in the National Qualifications Framework, 
and in the 2018–22 National Strategic Framework for 
TVET (ILO, 2018; Lebanon Ministry of Education and Higher 
Education, 2019). In Zambia, the Technical Education, 
Vocational and Entrepreneurship Training Authority 
(TEVETA) has established a platform that offers free  
digital skill courses targeted at youth, women, refugees, 
as well as micro, small and medium enterprises. 
(Zambia TEVETA, 2023). Cambodia has introduced 
digital scholarships into the digital skills framework of 
its 2022 EduTech Roadmap, to help higher education 
students practise professionalism and solid research 
skills when using digital resources (Cambodia Ministry 
of Industry, Science, Technology and Innovation, 2022). 
In India, the National Education Policy 2020 envisages 
the mandatory curricular integration of the digital skills 
required for artificial intelligence and machine learning in 
higher education (India Ministry of Education, 2020). 

B OX 5.1: 

Parents need to be involved in improving 
children’s digital skills

With technology changing so rapidly, parents may not be 
aware of the opportunities and risks from using technology. 
In South Africa, parents had higher digital skills than their 
children until their children reached 12 years of age. By age 15, 
children surpassed their parents’ digital skills  
(Byrne et al., 2016). Parents therefore need help to guide their 
older children in online experiences.

Some parents feel they need to be more competent with 
technology to be involved in their child’s technology activities 
(Schneider et al., 2015). Others use a variety of devices, 
mobile applications or parental controls (e.g. content filtering 
software, internet blockers, add-on monitoring software) to 
monitor children's whereabouts online and offline. A survey 
of adults in 19 countries with at least one child aged between 
7 and 12 suggests that nearly half of parents use parental 
control applications to enforce limits on digital behaviour 
and 45% check their child’s digital history (Kaspersky, 2021). 
One approach that parents use to control their child’s use of 
devices is ‘contracts’ to promote shared responsibility (Zhao 
and Healy, 2022).

Governments try to respond to the lack of parents’ digital skills, 
their overprotective and technologically moderated parenting, 
and low engagement in developing their children’s digital skills. 
Various policy documents emphasize the role of parents and 
caregivers in protecting children’s privacy, personal data and 
online reputation and the need to respect the confidentiality of 
their correspondence (Council of Europe, 2018).

The Digi-Matua programme, a collaboration between New 
Zealand’s Ministry of Education and the 360 Tautua Trust, 
supports parents from Pacific communities to acquire 
the digital skills necessary to support their children’s 
education. Parents receive a digital device equipped with 
10 modules, covering various topics including essential 
functions such as charging devices, and more complex 
subjects, such as internet safety, and proficiency with Google 
applications (Aotearoa Education Gazette, 2022). Bhutan’s 
2019–2023 iSherig-2 Education ICT Master Plan aims to 
enhance parents’ capability to guide their children in the safe 
and productive use of technology. Senegal’s Programme 
for the Improvement of Quality, Equity and Transparency in 
Education and Training 2018–2030 aims to better involve 
parents in monitoring their children’s digital skills through 
mobile phones. 
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skills involve breaking down complex problems into 
smaller, more manageable components and designing 
algorithms to solve them. The 2021 secondary education 
computing syllabus includes a dedicated module divided 
into problem analysis and algorithm design  
(Singapore Ministry of Education, 2021). In the  
United Arab Emirates, problem-solving skills are defined  
as the ability to think logically, algorithmically and 
recursively and write computer code and programmes  
to solve problems, and are integrated into computational 
thinking, computer practice, and programming in  
its Computer Science and Technology Standards  
(United Arab Emirates Ministry of Education, 2015). 

Kenya has become the first African country to incorporate 
coding as a subject in primary and secondary schools 
under the new competency-based curriculum (Kinyajnui, 
2022). The Kenya Institute of Curriculum Development has 
approved a coding skills curriculum developed by Kodris 
Africa, a for-profit company, for children aged 7 to 16 in the 
Python programming language that focuses on algorithms, 
debugging and logical operators (Kodris, 2023). 

Introducing coding for young children is considered 
difficult because of competition with other curricular 
priorities, but it can address equity issues (Trucano, 
2015) and gender-based stereotypes (Sullivan, 2019) 
that affect the development of these skills. In Spain, 
the 2020 Education Law emphasizes problem-solving  
and computational thinking skills as a cross-curriculum 
topic starting from the earliest education levels  
(Spain Ministry of Education and Vocational Training, 
2022). Problem-solving content has been integrated into 
primary education mathematics in the Navarra region, 
and in robotics and programming subjects in primary and 
secondary education in the Madrid and Catalonia regions 
(Spain Ministry of Education and Vocational Training, 
2018).

Non-state actors often support the inclusion in curricula 
of coding and programming skills, including computer 
science. In England, United Kingdom, Computing at 
School, a non-profit organization, developed a computing 
programme which has been helping children as young as 
five to learn to code (Humphreys, 2021). Following strong 
advocacy from Code.org, all 50 governors in the  
United States signed on to the Governors’ Compact 
to expand computer science education, committing to 
increase the number of schools offering it, allocate  
more funding, create post-secondary career pathways 
and increase participation from traditionally underserved 
populations (National Governors Association, 2022). 
In Chile, Code.org has partnered with the government  
to provide educational resources in computer  

science and with the University of Chile to develop  
teaching pathways and assessment instruments  
(Ripani and Vazquez-Brust, 2023). 

CONCLUSION
The development of digital technology has generated 
an urgent demand for skills to navigate its opportunities 
and risks. While there is consensus that digital skills have 
become part of a basic skills set that formal education 
systems should deliver, there is confusion over which 
basic elements a digital skills set should contain – as well 
as the degree to which these skills are general or specific, 
their purpose and the definitions of many of these skills 
and overlaps between them. It is also uncertain if formal 
education systems have the capacity to keep up with the 
pace of change, and which of these skills are best acquired 
through non-formal and informal learning. 

Countries are faced with critical decisions over the range 
of skills to include in their curricula, how to integrate them 
and package them in subjects, at what level, and how to 
leverage the experience of learners, which often surpasses 
that of their teachers. Given the low levels of digital skills 
in the global population and the ever-increasing complexity 
of the digital world, countries need to urgently define 
digital skills and decide how best to increase them among 
their citizens.
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Khalid Alkhawlani, one of the facilitators of the evaluation workshop.

An evaluation workshop supported by UNICEF concluded the 2021 nationwide 
teacher training plan in Yemen. Managers, heads of training departments 
and decision-makers from 14 governorates attended the Annual Workshop 
for the Evaluation of Training, Qualification, and Planning Programmes 
2022 workshop in Sana’a, in March 2022.

Credit: UNICEF/UN0674192/Marish*
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One implication of digital technology is that education 
systems have begun producing enormous amounts 

of data. This growth matches the trend in global data 
production, whose volume is projected to double as soon 
as 2025 from the estimated 97 zettabytes generated 
globally in 2022 (McLean, 2022), where a zettabyte is 
the equivalent of a trillion gigabytes. As the volume of 
the data produced expands, management tasks and 
functions accumulate. And, as systems grow in size and 
complexity, more demands are placed on administrators, 
who are expected to set and monitor a higher number of 
quantitative education targets. With the decentralization 
of education management, the number of actors involved 
multiplies. Each level of education management, from 
the ministry to the classroom, has to follow specific new 
data requirements, processes and uses. These uses move 
from individual devices to digital ecosystems, and the 
assumption is that by facilitating data processing and 
exchange, technology can improve the effectiveness and 
efficiency of education system management to help realize 
policy objectives.

Effectiveness refers to how well functions are performed, 
such as storage and retrieval of information, assessment 
of learning levels and hiring of staff. Efficiency refers to 
the optimization of financial, human and time resources 
allocated to perform tasks, to which technology can 
contribute substantially through automating series of 
commands and functions, removing the need for manual 
inputs. By enabling the use of information, technology can 
improve the quality of analytical insights that feed into 

decision making in education. Yet as the ability to handle 
and leverage these data becomes more important  
(Howard et al., 2022), capacity is often absent and data are 
not used as often, effectively or efficiently (Custer et al., 
2018; Rossiter, 2020).

This chapter discusses how technology supports education 
management while also creating new challenges, both 
at the system and at the school level. Technology is not 
a magic wand: it cannot solve problems that are not of 
a technological nature. Instead, it needs to be seen as 
playing a part in management systems alongside people, 
models, methods, processes, procedures, rules and 
regulations. For this reason, systems are often unprepared 
to integrate technologies. 

TECHNOLOGY CAN SUPPORT THE 
MANAGEMENT OF LARGE VOLUMES OF 
EDUCATION INFORMATION
 
Education management information systems organize 
and perform ‘the collection, integration, processing, 
maintenance and dissemination of data and information to 
support decision making, policy analysis and formulation, 
planning, monitoring and management at all levels of an 
education system’ (Cassidy, 2006 p. 27). Critical functions 
include keeping track of flows and stocks of learners 
and their performance to ensure that commensurate 
and equitable resources are allocated across the system 
(Broadband Commission Working Group on Data for 
Learning, 2022; UNESCO and GPE, 2020). 

Education management information systems are evolving 
in many countries in response to changes in public sector 
management that have seen a more business-oriented 
focus on efficiency and effectiveness. Such reforms have 
been characterized by increased school autonomy, target 
setting and results-based performance (Verger and Curran, 

 

As the ability to handle and leverage data 
becomes more important, capacity is often 
absent and data are not used as often, 
effectively or efficiently
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leaders from 32 universities in Australia showed that 
top-down approaches that neglect learners and academic 
staff result in poor buy-in (Colvin et al., 2016). Research 
covering senior managers from 83 higher education 
institutions in 24 European countries found that the 
involvement of students as key stakeholders in the design 
and implementation of learning analytics is necessary for 
learning analytics to be used effectively (Tsai et al., 2020).

Too often, there is a gap between the expected benefits 
of technology on education and the realization of these 
benefits. This may be because seemingly trivial issues such 
as maintenance and repair of infrastructure are ignored 
or underestimated (Pangrazio et al., 2022), because there 
might be a local reluctance to use big, automated data 
(Selwyn, 2020) or because the development and design of 
learning analytics has failed to integrate the very objective 
of education systems – improving learning – as the core 
driver of their development (Lang et al., 2022).

CONCLUSION

Technology offers various opportunities to improve 
education system management. It provides the possibility 
of expanding the range of data collected on schools 
and students and linking them to generate fine-grained 
analyses of learning trajectories and the factors that 
determine them. Such data can be used to personalize 
learning, track marginalized children and prevent 
disengagement and early school leaving. Technology 
also has the strong potential to support continuous 
assessment for learning as well as to expand the range of 
skills and outcomes assessed. 

However, with that potential comes challenges. Some 
question whether the amount of data generated can 
be used effectively, not just to monitor but to improve 
individual and institutional performance. Policymakers 
and school leaders are overwhelmed with the amount of 
information and with the range of purported solutions 
to combine data, which often do not speak to each other. 
The rollout of many technology projects is fraught with 
high costs, privacy and security concerns, implementation 
challenges and weak capacity. Understanding all aspects 
of a digital ecosystem is critical for countries that want 
to leverage technology to improve the effectiveness and 
efficiency of their education system management. Users 
need to be put at the centre, improving their attitudes 
towards the technology they are expected to adopt, 
and strengthening their capacity to use it.

 

Understanding all aspects of a digital 
ecosystem is critical for countries that 
want to leverage technology to improve the 
effectiveness and efficiency of their education 
system management
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In the field trip to Bat Xat secondary and high school in the Lao Cai province of Viet 
Nam, UNICEF staff had a chance to visit the household of Nong Van Duong (15) 
and Nong Van Thanh (13). Both of them were great students in Bat Xat school. 
Duong and Thanh had faced many difficulties due to the COVID-19 pandemic time, 
while other students used a smartphone or laptop to attend class. Duong and 
Thanh shared that they tried to copy the recording from the online class and play 
it on the old red radio. However, Duong and Thanh worked hard and received many 
certifications from Bat Xat School.

Credit: UNICEF/UN0610392/Le Vu*



Access to digital technology is now considered a part 
of the right to education. The Special Rapporteur 

on the right to education recently argued that ‘the 
implementation of the right to education must respond 
to the needs of all persons to access, master and use 
technology as an empowering tool for being active 
members of society’ (United Nations Human Rights 
Council, 2022). The issue of equitable access has therefore 
become key. 

Schools, teachers and students need context-appropriate 
devices of good quality, relevant software aligned 
with national curricula and accessible platforms. 
Governments need to pay affordable prices and ensure 
proper maintenance of technology. Systems need 
to be interoperable and sustainable. Electricity and 
telecommunications infrastructure, especially to ensure 
internet connectivity, needs to be installed. Yet, many of 
these conditions are not met.

The cost of much of that investment is high and beyond the 
budget of many countries (Chapter 22). It needs to compete 
with other education priorities. Access to technology 
ends up being unequally distributed, both between and 
within countries. Evidence on the impact of products 
and services on learning is limited. Providers are a step 
ahead of government officials. Some engage in misleading 
marketing practices. Waste and obsolescence are high, 
adding to a growing environmental cost of digitalization. 

This chapter describes the distribution of technology 
resources; efforts to ensure that access to infrastructure, 
hardware and software is equitable and affordable; and 
initiatives to support evidence-based public procurement 
of education technology that leads to equitable, efficient 
and sustainable solutions. 

ACCESS TO TECHNOLOGY IS UNEQUAL

Access to electricity, devices and the internet is highly 
unequal between and within countries, including between 
schools. In 2021, 770 million people, or almost 9% of the 
global population, did not have access to electricity. That 
year, access to electricity in sub-Saharan Africa exceeded 
50% for the first time, although it was still below 30% for 
those living in rural areas. In Rwanda, for instance, 
18% of rural households have access to electricity, with 
12% accessing the grid and 6% off-grid solar devices (World 
Bank, 2022). Over a period of two decades, access to 
electricity increased by 38 percentage points in Central 
and Southern Asia – becoming almost universal – and 
by 24 points in sub-Saharan Africa, and 17 points in rural 
sub-Saharan Africa (Figure 7.1a). It has been estimated 
that universal access to electricity by 2030 will require  
USD 413 billion per year (SEforAll, 2020).

The proportion of upper secondary schools with access 
to electricity follows the share of the population with 
access to electricity. By contrast, the proportion of primary 
schools with access to electricity lags behind access in 
the general population – by 15 percentage points globally 
and 35 percentage points in Central and Southern Asia 
(Figure 7.1b). Globally, one in four primary schools does 
not have electricity, a prerequisite to benefiting from 
technology.

Access to technology is unequal.....................................................................................126

Countries follow various policies to improve access to technology.....................130

Evidence needs to drive equitable, efficient and sustainable technology 
solutions.................................................................................................................................137

Conclusion.............................................................................................................................142

 

Globally, one in four primary schools does not 
have electricity, a prerequisite to benefiting 
from technology
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(GSMA, 2021; 2022b). In Brazil, one in four people must 
disconnect for at least one week per month; 45% of the 
poorest users run out of data on their mobile phone 
plan before the end of the month (Telecompaper, 2021). 
Access is costlier in remote areas, where digital networks 
are more expensive to establish. Even if they existed, 
accessing them would cost families two to three times 
more than in urban areas (GOLA, 2022). 

Internet bandwidth (how much information is received per 
second) and speed (how fast that information is received) 
are two key measures of connection quality. Applications 
necessary for education, such as videoconferencing 
and streaming, require high bandwidth. International 
bandwidth usage per internet user is estimated to 
have increased from 52 to 233 kilobits per second 
(kbps) between 2015 and 2022, ranging from 40 kbps 
in low-income to 680 kbps in high-income countries, 
according to the International Telecommunication Union 
(ITU) database. The COVID-19 pandemic spurred an 
increase in the share of people who had used mobile 
internet to support their own, their children’s or their 
relatives’ education at least once a week, from 27% in 
2019 to 38% in 2021 (GSMA, 2022b).

School connectivity to the internet remains limited. 
Globally, 40% of primary, 50% of lower secondary and 
65% of upper secondary schools are connected to the 
internet, according to the UNESCO Institute for Statistics. 
The ITU has proposed as targets for universal and 
meaningful school connectivity a minimum download 
speed of 20 megabits per second (mbps) per school 
and 50 kbps per student, as well as a minimum data 
allowance of 200 GB (ITU and United Nations Office of the 
Secretary-General’s Envoy of Technology, 2022).  
The Giga project, which mapped 328,000 schools in 
49 countries, found that 53% were connected to the 
internet (UNICEF and ITU, 2023). In 2020, in Sierra Leone, 
less than 1% of primary, 5% of lower secondary and 8% of 
upper secondary schools were connected to the internet 
(Mullan and Taddese, 2020). 

In India in 2020/21, about 50% of urban schools but less 
than 20% of rural schools were connected to the internet 
(Figure 7.5). The divide was largely determined by the 
fact that 53% of private unaided and 44% of private aided 
schools, but only 14% of government schools, were 
connected (Bhattacharya et al., 2023). The European 
Union has set a far more ambitious broadband target, 
whereby all schools would have access to 1,000 mbps 
internet connection by 2025; yet, in 2019, fewer than 1 in 
5 students attended schools with high-speed internet 
above 100 mbps (European Commission et al., 2019).

COUNTRIES FOLLOW VARIOUS POLICIES 
TO IMPROVE ACCESS TO TECHNOLOGY
Countries use various policies to improve access to 
technology. As access to technology will not be equitable 
until at least electricity supply and internet connectivity 
are universal, many countries concentrate their actions 
on strengthening infrastructure: 85% of countries have 
legislation or policies for improving school or learner 
connectivity. Meanwhile, 38% of countries have a law on 
universal internet provision and 27% on universal access to 
electricity. About one in five countries has a policy granting 
subsidies or deductions to buy devices (Figure 7.6).

Low- and lower-middle-income countries, whose 
education systems are impacted more by lack of power, 
are more likely to have provisions for universal access 
to electricity. While 52% of countries have policies to 
enhance school electrification, 83% of sub-Saharan 

FI GURE 7.4: 
One in three people do not use the internet
Selected indicators of internet usage, world and low-income 
countries, 2005–22

GEM StatLink: https://bit.ly/GEM2023_fig7_4_ 
Source: ITU database.
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Globally, 40% of primary, 50% of lower 
secondary and 65% of upper secondary 
schools are connected to the internet
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EVIDENCE NEEDS TO DRIVE EQUITABLE, 
EFFICIENT AND SUSTAINABLE 
TECHNOLOGY SOLUTIONS

Achieving universal provision of electricity, internet, 
and hardware and software for schools, teachers and 
students involves substantial amounts of money and 
requires good investment decisions supported by effective 
procurement processes. Evidence is critical to determine 
good investments (Hennessy et al., 2021), especially when 
the resources and infrastructure to support technology are 
limited. Value for money should be a key decision criterion, 
as several education technology products are underused, 
if they are used at all. The quality and reliability of vendors 
also needs to be assessed alongside the relevance of  
the solution.

Most evidence on these issues comes from the  
United States. Two studies by data analytics providers 
estimated that an average of 67% of education software 
licences were unused (Davis, 2019) and 98% were not 
used intensively (Baker and Gowda, 2018). Another study 
based on the EdTech Genome Project, coordinated by 
the Jefferson Education Exchange, estimated that 85% of 
some 7,000 pedagogical tools on which USD 13 billion 
had been spent were ‘either a poor fit or implemented 
incorrectly’ (Foresman, 2019). The National Edtech 
Equity Dashboard, which assesses student and teacher 
engagement with 11,000 education technology products, 
has shown that disadvantaged students’ engagement is 
worse (LearnPlatform, 2022). Less than one in five of the 
top 100 education technology tools used in classrooms 
met the requirements of the Every Student Succeeds Act 
(ESSA); only 39% had published research and 26% had 
research aligned with the Act (LearnPlatform, 2023). 

RIGOROUS EVIDENCE IS RARELY USED TO MAKE 
DECISIONS ON TECHNOLOGY

Evidence is needed for making decisions on technology in 
education. Teachers, schools and administrators need to 
know the product features best suited to their education 
priorities. Technology may not even be the best or only 
solution to consider: people are often attracted by new 
education technology (UNESCO, 2022a), and purchasing for 
the sake of technology rather than for pedagogical reasons 
is a common mistake. 

Research cannot keep up with the speed at which new 
education technologies emerge (Burns, 2022). Rigorous 
evaluation is often missing even for high-profile 
programmes (Hennessy et al., 2021), and national  
policies and programmes are rarely informed by  
evidence (Jameson, 2019; Slavin, 2020). A review in the 
United Kingdom by EdTech Impact, a company that collects 
independent, verified reviews of education technology 
products to help improve trust with prospective teacher 
and school customers, found that 7% of education 
technology companies had conducted randomized 
controlled trials, 12% had used third-party certification and 
18% had engaged in academic studies (Sandhu, 2021). This 
is not to suggest that only these types of evidence should 
be used. Rather, an evidence portfolio can help answer 
different questions (Kucirkova, 2023) and account for 
diverse real-world settings (Joyce and Cartwright, 2020). 
However, accessing impartial advice can be challenging. 

At least two different assessments are needed. First, 
a technology needs to prove it has an impact on 
teaching and learning. When evidence of effectiveness 
is unavailable, decisions tend to rely on referrals and 
anecdotal knowledge (Morrison et al., 2019). A 2021 survey 
of 1,500 teachers and administrators by a portal software 
company in the United States found that about half 
of teachers identified new digital tools through other 
teachers in their district (Clever, 2022). Another online 
survey of teachers and administrators in 17 states showed 
that only 11% requested peer-reviewed evidence prior to 
technology adoption (United States Office of Education 
Technology, 2018). Recommendations from others 
in-person or electronically influence purchase decisions 
on education technology products. Yet reviews from 
education technology suppliers tend to omit issues such 
as security and quality standards. Moreover, ratings can 
be manipulated based on fake reviews and disseminated 
through the social media (He et al., 2022). 

Second, evidence is needed on the implementation of 
education technologies that may have proven their 
potential in principle. In Rwanda, as part of the One Laptop 
Per Child programme, computers were reportedly stolen 
or, when damaged, left unrepaired (IGIHE, 2020). Even 
when thefts and damages were reported, the issues were 
not resolved. The Auditor General considered that the 
programme did not attain the intended objective, and the 
investment was a loss of public resources with no value 
for money (Rwanda Office of the Auditor General, 2021). 
Ghana suspended its programme after three years of 
implementation because basic sustainability and feasibility 
conditions, such as power supply, laptop durability, 
and costs of connectivity and maintenance, were not 
fulfilled (Steeves and Kwami, 2017). 

 

Value for money should be a key decision 
criterion, as several education technology 
products are underused, if they are used at all
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CONCLUSION

Access to and use of education technology is characterized 
by inequality, a phenomenon that received greater 
attention during the COVID-19 pandemic. The costs 
of electricity, internet connection, and hardware and 
software are high and often underestimated. Sustainability 
concerns go beyond social dimensions and extend to 
economic and environmental aspects. As technology 
is constantly changing, making decisions that promote 
equity and quality requires expert guidance from trusted 
sources. However, the very sources of such expertise 
inherently have financial interests, which could be seen to 
compromise their independence. Regulatory enforcement 
of equitable policies and practices can be difficult to 
implement if governments are unable to invest sufficiently 
in the technical expertise which it requires.

Sound, rigorous and impartial evidence is needed more 
than ever. Procurement regulations and standards 
need to embed sustainability as a criterion for adopting 
interventions that are economically, socially and 
environmentally effective and efficient and can be scaled 
up for the good of all. 
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Jhorna Akhter, a 16-year-old adolescent 
who receives services from one of the 
Adolescent Friendly Health Services 
supported by UNICEF, is playing online 
games with her friends from home in 
Mirpur, Dhaka, Bangladesh on 14 July 
2020. During the lockdown, Jhorna 
spent most of her time reading, helping 
her family members, listening to news 
on TV, attending online classes on her 
cell phone and visiting satellite health 
camps where adolescents can come and 
share their health problems and receive 
free counselling and medication.

Credit: UNICEF/UN0506086/Paul*
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Digital technology provides the infrastructure for modern 
societies and economies. Its development, diffusion and 
maintenance need to be coordinated across multiple 
government departments. Involving the information and 
communication technology (ICT) industry needs to be 
clearly spelled out in concrete terms through transparent 
processes. Governance issues become even more complex 
in relation to integrating digital technology in education. 
Governments need to make decisions on infrastructure 
and carefully consider pedagogy. Education agencies need 
to consult with learners and teachers in order to take 
decisions in their best interests. 

Governments' goals for education equity,  
inclusion, quality and efficiency are not necessarily  
aligned with those of the education technology  
industry. Industry’s profit orientation leads to practices 
that can be inappropriate, inequitable, inefficient and 
unsustainable – which reduce well-being, breach  
security, abuse personal information and even violate 
human rights, negating any benefits of applying  
technology to education. The increased presence of 
technology in daily lives, especially artificial intelligence, 
(AI) demands attention to both the right to education and  
the right to non-discrimination in and out of school  
(Holmes et al., 2022). According to the Special Rapporteur 
on the right to privacy, educational processes ‘need not 
and should not undermine the enjoyment of privacy and 
other rights, wherever or however education occurs’ 
(United Nations Human Rights Council, 2021).

Preventing such collateral damage is a major new 
challenge for regulators all over the world, as digitalization 
makes education structures, forms and modes of delivery 
ever more complex. Effective protection and promotion 
of democracy, human rights and the rule of law needs 
collaboration, partnerships and establishing common goals 
between many stakeholders at national and international 
levels. This chapter focuses on governance and regulation 
to ensure users, especially children, are protected when 
they use education technology.

GOVERNMENTS FIND IT CHALLENGING 
TO GOVERN EDUCATION TECHNOLOGY
Education ministries need to collaborate with 
economic development, infrastructure, energy and 
telecommunications departments in the governance of 
education technology use. The respective departments 
might have different visions, goals and objectives on 
issues such as innovation, digital transformation, and the 
storage and use of data. In addition to government actors, 
the role of private actors, notably through public–private 
partnerships, needs to be clear; this requires transparency 
and accountability mechanisms (Hillman, 2022a;  
Lingard and Sellar, 2013).

MINISTRIES OF EDUCATION DO NOT ALWAYS LEAD 
ON EDUCATION TECHNOLOGY

When considering integrating technology in education, it is 
important to make clear which body steers the process. 
Ministries of education need to lead such decisions and 
pedagogical decisions need to take precedence over 
commercial considerations. Learners' best interests may 
be at risk where education technology companies do not 
come under the jurisdiction of education legislation and are 
seen purely through commercial law. 

 

The goals of governments are not  
necessarily aligned with those of the 
education technology industry 
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The second concern is about the impact of the use of 
platforms on essential pedagogical functions. Such 
platforms can reduce teacher autonomy by forcing 
teachers to use them instead of choosing the tools they 
want to use. They can alter student assessment in ways 
that suit the interests of profit-seeking technology 
providers. They can also define education in ways that 
fit big data analyses, shaping content, intended learning 
outcomes and their measurement. Gradually, the control 
of fundamental pedagogical decisions, which have long 
been entrusted to teachers, has moved from the public to 
the private domain, without the scrutiny and debate that 
has characterized decisions on curriculum and textbooks 
(Zeide, 2017).

Consultation is necessary for solutions to also be 
pedagogically appropriate. In Germany, the not-for  
profit Bündnis für Bildung (Alliance for Education)  
brings together education authorities at the federal, 
regional and municipal levels with the education industry 
to develop joint solutions to digital education challenges. 
Working groups are active on issues such as content, 
privacy, school transformation and teacher training 
(Bündnis für Bildung, 2022).

The third concern is that consumers could be misled, 
and so more traditional market governance is required. 
But governments find it challenging to accredit and quality 
assure education technology companies. Leaving aside 
education technology product purchases by government, 
the absence of adequate quality measures, standards and 
evaluations is also problematic for the sale of education 
technology products to individual consumers (Patel et al., 
2021). The business model used by many education 
technology companies, which offers free content, may be 
a deceptive marketing tactic, requiring the payment of 
a subscription fee. In India, the Department of School 
Education and Literacy issued an advisory in 2021 urging 
citizens to exercise caution before purchasing education 
technology products (India Ministry of Education, 2021). 

One response of the education technology  
industry was self-regulation. It established the  
Indian EdTech Consortium, under the Internet and 
Mobile Association of India, an industry body. However, 
self-regulation can only succeed with clear long-term 
objectives (Thathoo, 2022). In 2022, the Consumer Affairs 
Secretary proposed to the Consortium the creation of 

a joint working group to create advertising guidelines 
‘to keep unethical practices in communication and 
advertisement at bay’ (Press Trust of India, 2022).

DIGITAL PRIVACY, SAFETY AND  
WELL-BEING NEED TO BE REGULATED
While digital technology offers excellent opportunities 
for teaching and learning, it also comes with risks related 
to privacy, safety and well-being – even with copyright 
(Box 8.1). The internet – including its use as part of 
education – exposes users to misuse of their personal 
data, invasion of privacy, abuse, identity theft, offensive 
messages and images, cyberbullying, scams, and fake 
news and misinformation (Smahel et al., 2020). Concerns 
are higher for children exposed to these risks in terms 
of their vulnerability and the potential damage caused. 
Meanwhile, the excessive use of digital devices has 
potential harmful effects on physical and mental health. 

PRIVACY IS ROUTINELY VIOLATED FOR  
PRIVATE BENEFIT

Digital technology providers, including those producing 
education technology products, collect and store data on 
their users, including information that is sensitive (Hillman, 
2022). Integrating technology in teaching and learning 
could therefore compromise students’ privacy. Student 
data should not be used either by education technology or 
advertising technology companies for marketing purposes 
(United Nations Human Rights Council, 2022).

Yet, analysis of 163 education technology products 
recommended for children’s learning during the 
COVID-19 pandemic found that 89% could or did follow 
children in educational settings or outside of school  
hours. Tracking technologies installed on learning 
platforms collected and sent data on children to 
third-party companies, usually advertising technology 
companies, that targeted the children with behavioural 
advertisements. In most cases, the surveillance took  
place without opportunities to opt out and without  
consent from children or their parents. Out of 
42 governments that provided online education to  
children during the pandemic, 39 used digital technology  
in ways that ‘risked or infringed’ children's rights. Among 
these countries, only Morocco did not endorse any 
education technology product that could potentially 
undermine children’s rights (Human Rights Watch, 2022). 

The right to privacy, generally framed as protection by the 
law from arbitrary or unlawful interference with privacy, 
family, home or correspondence, and from unlawful 
attacks on honour and reputation, is recognized and 
protected as a human right through international legal 

 

The business model used by many education 
technology companies, which offers free 
content, may be a deceptive marketing tactic   
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CONCLUSION

Technology has fundamentally changed the way in  
which children exercise and realize their rights, including 
their rights to both education and privacy. While under 
certain conditions the use of technology in education can 
enhance children’s opportunity to learn, it can also put 
their physical and mental integrity, privacy, and dignity at 
risk. Issues related to intellectual property, data privacy 
and online safety are critical challenges that countries 
need to address.

In addition to digital education strategies, many countries, 
primarily high-income ones, have issued data protection 
laws or regulations following the GDPR. Yet they do 
not often distinguish between adults and children with 
respect to the treatment of personal data. As children 
deserve special protection, child data protection laws 
and standards, and accountability mechanisms tailored 
to children, are increasingly needed. Policymakers should 
listen to the voices of children so that their rights are 
protected and safeguarded during their online activities. 
Sound education technology and data governance are 
essential to make technology benefits more equitable 
and of quality while ensuring that schools are a safe place 
for children to learn, play, develop and thrive. Achieving 
that aim implies setting clear frameworks, effective 
regulations, oversight and dispute resolution mechanisms. 
The right to education and the right to privacy need to 
be monitored and protected in a world where billions of 
people are connected and exchange data and information 
as they are learning.
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November 9 2022, Berdychiv, Ukraine. Tetiana, computer science 
teacher, with her notebook, provided by UNICEF. 

Tetiana says it was not just the shelling and air raids that made 
teaching difficult in 2022 – it was also the school computers, which 
did not even have webcams.

Credit: UNICEF/UN0832329/Filippov*



Teachers are increasingly expected to integrate 
technology into various aspects of their professional 

practice, including their pedagogy, student assessment, 
interactions with students and parents, and professional 
development. Effective integration means enabling 
teachers to make their teaching practices more 
learner-centred; creating engaging and relevant 
learning environments; and preparing students with 
technological knowledge and skills. However, despite these 
expectations, teachers receive varying levels of support 
to improve their skills in information and communication 
technology (ICT), and use them to teach. Many teachers 
remain hesitant or lack confidence in using technology. 
The COVID-19 disruption increased the working hours and 
learning needs of teachers who worked remotely, as well 
as the expectations on them, but training responses have 
been uneven. 

Taking these challenges as a starting point, this chapter 
describes education system responses to help teachers 
use technology in various areas of their practice, with 
a focus on effective professional development which 
integrates technology. The chapter is based on the premise 
that technology cannot replace teachers in the classroom. 
Teachers not only impart knowledge and instruction, 
but also socialize students and act as motivational role 
models, which technology alone cannot do. They also 
encourage critical thinking and autonomy in students. 
Teacher development in and through technology should 
recognize and enable teachers to act as creators, designers 
and facilitators, particularly in relation to the appropriate 
choice of technology to respond to the diversity of 
learners’ needs and contexts.

TECHNOLOGY-BASED PRACTICES 
AND RESOURCES ARE CHANGING THE 
TEACHING PROFESSION

As new applications and technologies make their way into 
classrooms around the world (Chapter 4), the teaching 
profession is adapting to and changing with the education 
landscape. More opportunities arise for student-centred 
learning, access to multiple curriculum and assessment 
resources, and frequent interactions with students and 
parents. The COVID-19 pandemic accelerated some of 
these trends, requiring teachers to adjust the curriculum, 
prioritize learning that can be done online, and rethink their 
assessment methods accordingly.

Effective use of education technology by teachers 
can strengthen the extent to which they can facilitate 
student-centred learning, including through project-based 
activities. Platforms using algorithms and adaptive 
learning technologies can provide personalized learning 
experiences for students. Although a precise definition 
of personalized learning remains elusive, the main idea is 
that such approaches provide teachers with data-driven 
insights about students’ strengths and weaknesses, 
offering them a range of new tools to support their 
teaching, and helps them identify areas where students 
need additional support and adjusted teaching strategies. 
Such approaches also allow teachers to adopt more flexible 
teaching schedules and to provide students with more 
opportunities for self-directed learning (Walkington and 
Bernacki, 2020). For instance, Khan Academy interactive 
exercises and video lessons use adaptive learning 
technology to provide students with customized learning 
paths that have been found to promote personalization 
(Vidergor and Ben-Amram, 2020).

Technology-based practices and resources are changing the teaching  
profession..............................................................................................................................164

Various barriers prevent teachers from making the most of what  
technology can offer...........................................................................................................166

Education systems are taking steps to help teachers develop their capacity  169

Conclusion.............................................................................................................................178

 

Many teachers remain hesitant or lack 
confidence in using technology

2023 •  GLOBAL EDUCATION MONITORING REPORT

9

164C H A P T E R   9  •  T eachers     



provides access to a helpdesk for information requests 
and integrated email accounts that allow teachers and 
students to create work teams, participate in virtual 
sessions, share teaching materials, and evaluate 
and create e-portfolios. In August 2020, there were 
665,000 active users, and almost three quarters of them 
were still active when in-person courses resumed in 
October 2021 (Ripani, 2022).

Teachers use technology to communicate with parents  
and the community. The REDS International Survey  
found that during the COVID-19 pandemic, among teachers 
engaging in remote teaching, more than two thirds of 
those in India, the Russian Federation, Slovenia, the  
United Arab Emirates and Uzbekistan, and more than half 
of those in Burkina Faso, Denmark and Ethiopia, had spent 
more time communicating with parents than before the 
pandemic (Meinck et al., 2022). Overall, more interactions 
with students and parents can help strengthen 
relationships and improve learning outcomes. But teachers 
need to learn how to use these tools appropriately and 
be aware of privacy and security issues when sharing 
information online.

Overall, evidence on the impact of teacher practices 
integrating technology on student learning is relatively 
limited (Allier-Gagneur et al., 2020). Among the 170 studies 
on technology-based teacher professional development 
programmes in low- and middle-income countries 
reviewed for this report, only 5% tried to measure training 
impact on student knowledge and skills (Hennessy et al., 
2023), leaving a gap in the knowledge of how to design 
such programmes well. 

VARIOUS BARRIERS PREVENT TEACHERS 
FROM MAKING THE MOST OF WHAT 
TECHNOLOGY CAN OFFER
Teachers face various obstacles when trying to integrate 
these technology practices and resources into their 
professional practice. Lack of access to infrastructure 
is one of them. In 2018, teachers in schools with a lack 
of digital infrastructure in Organisation for Economic 
Co-operation and Development (OECD) countries were 
seven percentage points less likely to feel that they 
could support student learning through the use of digital 
technology ‘quite a bit’ or ‘a lot’ than their peers in better 
equipped schools (OECD, 2022a) (Figure 9.1). More than 
half of teachers reported in the T4 survey that inadequate 
online access had hampered schools’ ability to provide 
quality education. Two in five teachers said they needed to 
bring their own digital devices to school to compensate for 
the lack of classroom resources. Almost a third of teachers 
reported their school only had one computer, laptop or 
tablet for educational use (Pota et al., 2021). 

Teachers in low- and middle-income countries have lower 
levels of access to devices and software. In Punjab, India, 
nearly 8 out of 10 teachers reported outdated computers 
in ICT laboratories and poor internet connections in schools 
(Singh et al., 2020). The same percentage of secondary 
school teachers in Isfahan, Islamic Republic of Iran, lacked 
easy access to software related to their subject. As well, 
most software on the market is designed in English only 
and is not adapted to the local culture, which affects 
how effectively teachers can integrate technology, 
particularly in literature and the humanities (Esfijani and 
Zamani, 2020). Teachers with disabilities face higher 
barriers. In Ethiopia for instance, the absence of assistive 
technologies, such as screen readers or magnifiers, 
e-books or word prediction programmes, prevents the full 
engagement of visually impaired teachers; in fact, there 
are teachers who may not even be aware of some assistive 
technologies (Alala, 2022).

Teachers are also often left out of decisions to select new 
digital technology: 45% of teachers from 94 countries 
participating in Education International's Teaching with 
Tech study reported that their unions had not been 
consulted at all regarding the introduction of new digital 
technologies, while 29% had been consulted on ‘only 
a few aspects’. At the same time, 57% of respondents 
indicated that their unions had not been consulted on 
the digital technology they wanted (Colclough, 2020). 
When schools and teachers are provided with equipment, 
teachers should also be supported to use them effectively 
(Zacarias, 2023): in the United States, schools often 
purchase expensive software licences but do not invest in 
teacher training programmes due to budgetary constraints 
(Kologrivaya and Shleifer, 2022).

AGE CAN IMPACT TEACHERS’ TECHNOLOGY SKILLS 
AND PRACTICES

It is generally assumed that older teachers possess fewer 
skills and are less prepared to use technology in teaching. 
According to the 2018 Teaching and Learning International 
Survey (TALIS), older teachers in the 48 participating 
education systems were more likely to have weaker skills 
and lower self-efficacy in using ICT. This relationship holds 
true even after accounting for characteristics such as years 
of experience, contract type, teacher training in ICT use 
and classroom composition (OECD, 2018). The European 
Commission's SELFIE tool showed significant age-related 
differences in the use of digital tools in teaching between 
younger and older upper secondary technical and 
vocational education and training (TVET) teachers (OECD, 
2021a). In Indonesia, older teachers in Islamic religious 
schools found it more difficult to keep up with the rapid 
pace of ICT change, hampering their ability to use different 
tools (Miskiah et al., 2019). In Sudan, a study of 200 TVET 
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make programmes obsolete. Donor-funded projects 
do not operate for more than 36 months on average 
(von Lautz-Cauzanet, 2022). A review of 170 studies on 
technology-based teacher professional development 
programmes in low- and middle-income countries showed 
that one fifth of them focus on time constraints as a 
challenge to sustainability (Hennessy et al., 2023). 

EDUCATION SYSTEMS ARE TAKING STEPS 
TO HELP TEACHERS DEVELOP THEIR 
CAPACITY
Education systems are responding to help teachers 
develop professional competence in technology, first and 
foremost by setting standards. They complement those 
standards with instruments, such as self-assessment 
tools (Box 9.1), and teacher training programmes. Since 
the outbreak of COVID-19, these training efforts have 
become more organized and structured. More generally, 
many teacher capacity development programmes are 
introducing digital elements, which can improve flexibility, 
collaboration, coaching effectiveness, reflection and 
subject knowledge. These efforts require multiple actors 

to be engaged, including head teachers, school ICT 
coordinators and teacher unions.

ICT STANDARDS FOR TEACHERS AIM TO DEFINE 
DEVELOPMENT NEEDS

Governments and regional and international organizations 
have been developing teacher standards and competency 
frameworks to guide teacher development through 
training and coaching. According to the GEM Report’s PEER 
for 211 education systems, 51% have set ICT standards 
for teachers in a competency framework, teacher training 
framework, development plan or strategy (Figure 9.2). 
European and Northern American countries have been 
the most proactive. The introduction of ICT standards for 
teachers began in Europe in the 1970s (Bucherberger et al., 
2000) and Latin America in the 2000s (Zacarias, 2023). 
It is estimated that 19% of countries with ICT standards 
have specified or readjusted the ICT skills expected of 
teachers since 2020 to reflect changes brought about by 
the COVID-19 disruption.

In the Canadian province of Quebec, the 2021 Reference 
Framework for Professional Competencies for Teachers 

FI GURE 9.2: 
About half of countries have identified ICT standards for teachers 
Percentage of countries with ICT standards for teachers, by region and income level, 2022

GEM StatLink: https://bit.ly/GEM2023_fig9_2_  
Source: GEM Report team based on PEER.
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Teacher unions focus on protecting teachers’ rights with 
regards to technology, advocating for policies that support 
teachers who face challenges related to technology use. 
In 2020, the Confederation of Education Workers of the 
Argentine Republic reached a collective agreement with 
the government in response to the work overload created 
by school closures. The agreement established education 
workers’ right to disconnect and required the Ministry 
of Education to invest in the provision of technological 
resources for distance learning (Education International, 
2022). In Peru in May 2020, the Ministry of Education 
issued additional accountability requirements, requiring 
teachers to submit monthly reports with evidence of 
their online and distance work. This was questioned 
by the National Union of Teachers of Peru, leading 
the government to adjust its guidelines to reduce the 
administrative workload of teachers (Munoz-Najar, 2022). 

Civil society organizations often fill gaps in government 
provision, in poor and rich countries alike. In Chad, Kenya, 
Lebanon and Niger, the Carey Institute for Global Good, 
a non-profit organization, supports refugee teachers in 
creating open educational resources and online courses 
(Carey Institute for Global Good, 2021). The Estonian 
Information Technology Foundation for Education 
established an information line to answer teachers’ 
technology questions during the COVID-19 pandemic 
(Barron at al., 2021). In Sierra Leone, Plan International 
implemented the Girls' Access to Education project 
between 2013 and 2021, funded by the United Kingdom. 
The project supported more than 700 young women from 
rural communities to become primary school teachers 
through a distance education programme, while also 
supporting them on days requiring face-to-face training 
(Saidu et al., 2021). In Ukraine, the Academic Integrity and 
Quality Initiative offers a free online course for teachers, 
on academic integrity in assessment and methodological 
advice on avoiding plagiarism (EdEra, 2022).

Multilateral organizations provide resources, support 
research, facilitate collaboration and networking, advocate 
for policies and funding, and provide technical assistance 
for teacher professional development in ICT. The World 
Bank’s Technology for Teaching programme has developed 
guides for the implementation of technology-based 
teacher education programmes directed at policymakers 
and practitioners (World Bank, 2022a, 2022b). UNESCO 
has produced a learner-centred taxonomy for teachers 
to assess the functionality of online platforms with 
respect to curriculum support, data management, online 
collaboration between teachers and learners, online 
teaching, and formative assessment to identify gaps and 

plan educational strategies (UNESCO, 2020a). The UNESCO 
Institute for Information Technologies in Education 
develops country-specific materials for trainers to support 
the integration of ICT into pedagogy, with a particular focus 
on higher education and TVET (IITE, 2023).

CONCLUSION
Technology is slowly but surely changing the teaching 
profession. In those education systems where technology 
is widely available, teachers need to adapt their pedagogy, 
use multiple resources related to the curriculum and 
assessment, and interact more frequently with students 
and parents. COVID-19 accelerated this transformation. 
Yet, many teachers still lack access to appropriate 
technology and the necessary infrastructure. Moreover, 
they have varying attitudes towards the usefulness 
of technology and varying beliefs about their ability to 
integrate technology to improve student achievement. 
Many teachers receive sufficient, appropriate and 
sustainable teacher professional development. But their 
participation in decisions that affect them in the planning, 
implementation, regulation and evaluation of technology 
in education is generally lacking. Many education systems 
develop competence frameworks and complementary 
tools to guide their investments in teacher professional 
development. The supportive work of many actors who 
can complement government efforts is a precondition for 
success in this area.

Working with a wide range of educational practitioners, 
including teachers, is key to developing education 
technology policies. Involving teachers and reflecting their 
experiences at an early stage of policy development will 
increase teachers’ acceptance of technologies and will help 
make these policies more effective. Ongoing, school-based 
teacher professional development is critical to build their 
skills and confidence in using digital technologies. Ideally, 
such programmes should provide hands-on experience and 
opportunities for teachers to share experiences and best 
practices with peers. 
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Sixteen students from the third cohort 
at the African Drone and Data Academy 
(ADDA) in Malawi graduate on Friday 
16 July after a five-week online module 
and another five week in-person 
module on campus. 

Credit: UNICEF/UN0488681/Mvula*
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This report focuses on the impact that technology has 
on education. Yet, the reverse also merits investigation: 

the impact that education has on technology. How does 
education impact the process of developing, transferring 
and adopting technology, especially as related to science, 
technology, engineering and mathematics (STEM) 
disciplines? While the past and future impact of technology 
on education is still being debated, there is no doubt that 
there is no technological development without the  
sharing of knowledge over generations, the individual 
pursuit of advanced education opportunities, and  
organized research in higher education institutions  
leading to technological innovation.

This chapter presents selected aspects of education’s 
contribution to technology. First, the chapter examines  
the provision of STEM education in secondary school 
curricula. In particular, it looks at how it is delivered and 
whether it is associated with students’ interests and 
eventual outcomes, reflecting on opportunities to  
promote equity in STEM aspiration and choices. Second, 
it looks at how post-secondary education institutions 
contribute to technological development through teaching 
and research, evolving their strategies to remain relevant 
and well resourced.

TECHNOLOGY FEATURES IN MOST 
SECONDARY EDUCATION PROGRAMMES 
Learning about technology has been gradually  
introduced into general school curricula (de Vries, 2018b), 
and is being taught in most educational systems in the 
world (Keirl, 2018). However, there is great variation across 
countries in what methods are used to teach technology, 
and how important its role is. Technology education can 
be taught as a stand-alone subject, or integrated across 
disciplines (Keirl, 2015, 2018). It can be compulsory or 
elective, and be taught in various grades.

TECHNOLOGY CAN BE TAUGHT AS  
A STAND-ALONE SUBJECT

As a stand-alone subject, technology has been  
conceived as skills and craft education, industrial  
arts, or as vocational training. Its content remains  
highly contextualized, responding to various national  
strategies and cultural contexts (Buntting and Jones,  
2015; de Vries, 2018b). 

In some cases, teaching technology covers design thinking, 
generally conceived as a problem-solving approach that 
focuses on collaboration between designers and users. 
For example, Botswana’s senior secondary curriculum 
includes a design and technology subject whose content 
ranges from health and safety to design tools and 
processes. It was reformed in the early 2000s to also 
include graphics, information technology and electronics 
(Ruele, 2019). In the United Kingdom, the 2013 National 
Curriculum for England introduced design and technology 
studies targeting 5- to 14-year-olds. The subject drew 
on mathematics, science, engineering, computing and 
art, and even included a module on cooking and nutrition 
(McLain et al., 2019; Department for Education, 2013). 

Technology education can be closely tied to vocational 
studies. In Scandinavia, the acquisition of skills to use 
manual tools and machines has historically found its 
expression in slöjd (craft) education (de Vries, 2018b). 
Technology education was eventually added to the general 
education track, despite maintaining a strong vocational 
orientation. Sweden’s 2011 compulsory curriculum 
emphasizes the handcraft nature of technology education 
as a form of design and cultural expression (Hallström, 
2018). 
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STEM QUALITY DETERMINES STUDENT 
ASPIRATIONS AND ACHIEVEMENT 

Countries strive to expand and improve school curricula to 
attract more students to STEM subjects and provide them 
with relevant knowledge and understanding. However, 
low aspirations to STEM studies and careers do not 
only reflect a genuine lack of interest in those subjects 
(Archer et al., 2020). Aspirations can be shaped by prior 
academic achievement, gender and social identities, 
and socioeconomic inequalities, which often intersect 
(Holmes et al., 2018).

INSTRUCTION TIME IS NOT ALL THAT MATTERS
Countries differ in the emphasis they place on STEM 
subjects. The 2019 Trends in International Mathematics 
and Science Study (TIMSS) showed that participating 
education systems, mostly from upper-middle-income and 
high-income countries, allocated an average of 26% of total 
grade 8 instructional time to science and mathematics. 
The number of hours for mathematics ranged from 102 in 
Cyprus to 200 in Chile, while science, when taught as a 
separate subject, ranged from 73 hours in Italy to 243 in 
Lebanon. Time allocation varies across education levels. 
With grade advancement, time tends to decrease in 
mathematics and increase in science (Mullis et al., 2020a). 

Mathematics can be considered particularly difficult. 
In France, 40% of grade 11 students abandoned 
mathematics while transitioning to grade 12, following a 
2018 reform that allowed them to choose specialization 
subjects (France Ministry of National Education and Youth, 
2021; Lecherbonnier, 2022; Morin, 2020). The government 
reintroduced 1.5 hours of mathematics per week for all 
students without mathematics as a core subject in grade 
11, concerned that inequality in achievement would be 
exacerbated without mathematics instruction (France 
Ministry of National Education and Youth, 2022).

In principle, more instructional time dedicated to 
mathematics and science should lead to more knowledge 
and a better understanding of STEM fields. However, 
in practice, the relationship between time invested and 
learning achievement is not clear. Among education 
systems that took part in the 2018 Programme for 
International Student Assessment (PISA), 15-year-olds 
in Finland, who are taught science for about 2 hours and 
45 minutes per week, reported similar scores as their 
peers in Canada, who are taught for more than twice that 
time. Among countries of the Organisation for Economic 

Co-operation and Development (OECD), Chilean students 
received the most instruction time in science, but perform 
below the OECD average. Most of the top performing 
education systems in mathematics tend to offer fewer 
than four hours per week (OECD, 2020a).

For more instruction time to lead to better results, it is 
critical that time be used efficiently and concepts taught 
effectively (Lopez-Agudo and Marcenaro-Gutierrez, 
2022). Poor mathematics and science results in the 
Programme for International Student Assessment 
(PISA) led Portugal to allocate more teaching hours to 
Portuguese, mathematics and science as well as to 
increase school autonomy and strengthen initial teacher 
training. Implemented since 2013/14, these reforms have 
been associated with improved student performance in the 
two more recent PISA rounds (Maróco, 2021).

F IG U R E 10.1: 
Access to a laboratory is associated with higher student 
achievement in science
Grade 8 student achievement in science, by school laboratory 
availability, selected countries, 2019
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2023 •  GLOBAL EDUCATION MONITORING REPORT 184C H A P T E R   1 0  •  E ducation        and    technology          development        

10



Children who familiarize themselves with analogue 
and digital tools learn progressively how to use various 
instruments, apply them in exploring their environment, 
and find their own methods and instructions (Early 
Childhood STEM Working Group, 2017). Sweden’s 
preschool curriculum (Läroplan för Förskolan), revised 
in 2018, aims to develop children’s ability to identify 
and explore technology and to create using different 
techniques and tools by drawing on children’s curiosity  
and interest (MacDonald and Huser, 2020;  
Swedish National Agency for Education, 2018).

Early STEM learning is also found to help overcome 
student gender stereotypes and biases towards 
mathematics and science. In 2019, the Colombian Institute 
for Family Wellness launched the Pequeñas Aventureras 
(Little Adventurers) programme in collaboration with 
the Sesame Workshop and the support of Dubai Cares 
and the Interamerican Development Bank. Targeting 
4- to 5-year-olds, the project draws on the principle that 
boys and girls have the same potential in STEM if they 
are not exposed to gender stereotypes. Implemented in 
661 community-based preschool programmes, mothers 
are trained on the use of a digital toolkit, including teaching 
guides, tutorials, computer games and interactive posters, 
to teach their children STEM-related concepts. Preliminary 
evaluation results showed that the initiative reduced 
gender as well as race stereotypes among instructors 
and contributed to raising children’s interest in STEM 
(Inter-American Development Bank, 2022;  
Naslund-Hadley and Hernández-Agramonte, 2020).

HIGHER EDUCATION  
INSTITUTIONS ARE KEY TO NATIONAL 
TECHNOLOGICAL DEVELOPMENT
In the triple helix theory of innovation  
(Etzkowitz and Leydesdorff, 1995), universities, 
governments and businesses take part in research, 
development, financing, application and the commercial 
use of ideas (Ivanova et al., 2018; Piqué et al., 2018).  
Higher education institutions play two key roles  
supporting national technological development 
(UNESCO-IESALC, 2023). First, they prepare and develop 
professional researchers through their teaching and 
learning activities (Boulton and Lucas, 2011; Maes, 2010). 
Second, they generate knowledge, which forms the basis 
for developing technology and innovation, through their 
own research activities or in partnership with other actors 
(Geschwind et al., 2019; Matherly and Tillman, 2015). 
Research production has continued to grow (Box 10.3). 
The role of higher education institutions in the promotion 
of national technological development is mediated through 
two functions: their engagement with governments, 

businesses and society; and their organization and 
management (UNESCO-IESALC, 2023).

Higher education institutions around the world are 
increasingly making more decisions on study  
programmes and research portfolios, implementation 
of quality standards (Mittelstrass, 2020), recruitment, 
promotion and remuneration of researchers, and the 
establishment of legal entities and external partnerships 
(Cervantes, 2018; OECD, 2019e). In many, though mainly 
high-income countries, their governance has been 
changing in recent years, gradually leading to more 
independence. In the context of national and cross-national 
competition for funding and talent, higher education and 
research institutions have strengthened their executive 
leadership and management structure. They have 
adopted a more entrepreneurial approach, developing 
strategic objectives and embracing performance-based 
management (Benneworth, 2019). They are building 
their brands and reputation to gain resources and status 
(Huisman and Stensaker, 2022), formally measured 
through quantitative indicators and standardized 
processes that compare teaching and research activities 
across institutions (Musselin, 2018). 

Higher education institutions increasingly cooperate 
with companies in knowledge creation and technology 
development (Ivanova et al., 2018). They engage in basic 
research to expand the stock of knowledge but need 
partners to apply their research and leverage technological 
progress. They are therefore seeking new funding 
mechanisms more and more (Fan et al., 2021). Globally, 
in 2018, private enterprises accounted for an estimated 
60% of gross domestic expenditure on research and 
development (GERD) (UIS, 2018). 

Close collaboration between universities and industry 
arguably erodes the boundaries between basic and applied 
research, and between the public and private sectors 
(Ulrichsen and Kelleher, 2021). The flow of researchers 
from higher education institutions to the private sector 
is estimated to have grown between 2000 and 2020. 
Those individuals most likely to move are high-performing 
professionals, as measured by the number of citations 
(Jurowetzki et al., 2021). In addition to better compensation 
and generous benefits, researchers are attracted by 
the opportunity to study large data sets that they 
cannot access in universities. New industry–university 
collaboration opportunities may therefore be putting 
higher education institutions at a disadvantage, with 
companies stealing academic brain power while gaining 
capacity and influence to define the technology research 
agenda (Woolston, 2022). 

2023 •  GLOBAL EDUCATION MONITORING REPORT 190C H A P T E R   1 0  •  E ducation        and    technology          development        

10



CONCLUSION

Learning about technology is critical for supporting 
national technological development. As a stand-alone 
subject or integrated into other disciplines, STEM has 
been included in most secondary education systems in the 
world. However, the quality of provision makes a difference 
in student performance and aspirations to continue 
studying and working in these fields. 

In addition to teaching and learning, higher education 
institutions are responsible for knowledge creation 
through research activity. With more institutional 
autonomy and new forms of government funding and 
support, universities continue to play a key role in leading 
technological development. The capacity to innovate is 
associated with resources, and, increasingly, with their 
collaboration with industry. 

 

The quality of provision makes a difference 
in student performance and aspirations to 
continue studying and working in these fields
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Preschool-aged children attend early childhood education classes at Arabistan 
School, a UNICEF-rehabilitated education facility in Aleppo city, Syria, 
on 14 December 2022. Years of conflict in Syria have taken a heavy toll on 
children’s education, leaving 2.4 million children out of school and a further 
1.6 million at risk of dropping out.

Credit: UNICEF/UN0804872/Nader*



As 2023 marks the midpoint in the implementation 
of the 2030 Agenda for Sustainable Development, 

the primary focus of the monitoring part of this year’s 
Global Education Monitoring Report is key trends by each 
SDG 4 target. While it is always difficult to provide the 
up-to-date situation – as education data inevitably lag 
considerably – some methodological developments, 
to which this report has contributed, facilitate the ability 
to ‘nowcast’, i.e. make reasonably reliable short-term 
projections for some flagship indicators. 

But even these tools have been put to the test as a result 
of the disruption to education data collection processes 
caused by the COVID-19 pandemic. The ultimate effects 
of school closures on education systems remain unknown 
and will unfold over the coming years. This is particularly 
the case for learning, where no shock at such a large 
scale had ever been experienced, from which potential 
consequences could be assessed. The first evidence from 
the world’s richer countries documented a negative effect 
but less dramatic than feared. However, evidence from 
the world’s poorer countries, some of which experienced 
an unfortunate combination of long school closures and 
limited distance education opportunities, is yet to emerge. 
In any case, the gap in data on learning outcomes remains 
a cause for concern and an area where global action 
remains elusive.

This introductory chapter to the monitoring part of the 
report presents four issues. First, it gives an update on 
the national SDG 4 benchmarking process, arguably the 
most important development for framing the monitoring 
of the global education agenda, with potential lessons for 
other sectors. Second, it describes the 2022 Transforming 
Education Summit, the most important event in the global 
education calendar since 2015, which facilitated reflection 
on new education challenges as well as on monitoring, 
building on the benchmarking process. Third, it presents 
some of the key features of the monitoring part of the 
report and its links with this year’s theme: technology. 
Finally, it gives an overview of the GEM Report's outputs 
since 2015 to orient readers to the multiple resources 
at their disposal in interpreting progress towards the 
2030 goal.

THE NATIONAL SDG 4 BENCHMARKING 
PROCESS HAS REACHED A MILESTONE

Inspired by the United Nations (UN) Secretary-General’s 
2014 call for countries to embrace ‘a culture of shared 
responsibility’ based on ‘benchmarking for progress’, 
paragraph 28 of the Education 2030 Framework for 
Action had called on countries to establish ‘appropriate 
intermediate benchmarks … for addressing the 
accountability deficit associated with longer-term targets’. 
The GEM Report and the UNESCO Institute for Statistics 
(UIS) began working in 2018 to make this commitment a 
reality. 

There have been three important markers of progress in 
this process. First, in August 2019, seven SDG 4 indicators 
were selected for benchmarking: early childhood education 
attendance; out-of-school rates; completion rates; gender 
gaps in completion rates; minimum proficiency rates in 
reading and mathematics; trained teachers; and public 
education expenditure. This development was captured 
in the SDG 4 Data Digest 2021 report (UIS and GEM Report, 
2021).

Second, in two stages, by October 2021 and June 2022, 
three in four countries committed to national targets on 
these indicators to be achieved by 2025 and 2030. These 
benchmark values define countries’ nationally determined 
contributions to the common education goal, using a 
concept embraced by the climate change sector. They 
enable the monitoring of progress to be context-specific, 
recognizing countries’ starting points and education 
sector plans, helping link their national education agendas 
with regional and global agendas. These developments 
were described in the Setting Commitments report, which 
was presented at the High-level Political Forum and 
the Transforming Education Summit in 2022 (UIS and 
GEM Report, 2022).

Third, in January 2023, a milestone was reached: the first 
annual snapshot of country progress towards national 
targets was published. Entitled SDG 4 Scorecard: Progress 
Report on National Benchmarks, this first report of what is 
intended to be an annual series to mark the International 
Day of Education makes four contributions (UIS and 
GEM Report, 2023).

First, it analyses historical progress rates between 
2000 and 2015: how the change in benchmark indicator 
values has varied according to the starting point. This 
analysis provided a measure of what countries will achieve 
if they accelerate progress, move at a ‘business as usual’ 
pace or perform under par. 
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FOLLOWING UP ON THE TRANSFORMING 
EDUCATION SUMMIT COMMITMENTS

When the UN Member States adopted a declaration on 
the commemoration of the 75th anniversary of the United 
Nations (the ‘UN75 Declaration’), the UN Secretary-General 
was asked to outline a vision for the future of 
international cooperation. His report, Our Common Agenda, 
was conceived as the first step towards a Summit of the 
Future in 2024 in which ‘to forge a new global consensus 
on what our future should look like, and what we can 
do today to secure it’ (United Nations, 2021). While the 
2030 Agenda for Sustainable Development captures the 
scope of international ambition and provides a framework 
and a mechanism for its fulfilment, Our Common Agenda 
aimed to address the obstacles to realizing this agenda. 
With education high on the UN Secretary-General’s 
priorities, a key step in the process towards the Summit 
of the Future was the Transforming Education Summit 
(the ‘Summit’), which took place in September 2022 ‘in 
response to a global crisis in education – one of equity and 
inclusion, quality and relevance’.

The Summit aimed to elevate education to the top of the 
global political agenda and to galvanize action, ambition, 
solidarity and solutions to achieve two objectives: recover 

from the learning losses brought about by COVID-19 and 
sow the seeds to transform education in a rapidly 
changing world. As part of its preparation, more than 
150 education ministers gathered in Paris in June 2022 at 
the Pre-Summit, where discussions were organized along 
five thematic action tracks: inclusive, equitable, safe 
and healthy schools; learning and skills for life, work and 
sustainable development; teachers, teaching and the 
teaching profession; digital learning and transformation; 
and education financing. At the Summit itself, the key 
outcome was seven global initiatives related to: education 
in emergencies; foundational learning; gender equality; 
greening education; digital transformation; education 
financing; and youth participation. 

From a monitoring perspective, the Summit presented 
the challenge of how to match the SDG 4 targets and 
monitoring framework with the priorities expressed in the 
global initiatives and then to report on achievements to 
inform policy dialogue. 

Two steps were taken. First, in his Vision Statement 
at the Transforming Education Summit, the UN 
Secretary-General called for ‘ways to strengthen political 
accountability for transforming and financing 
education, taking current arrangements for monitoring 

FI GURE 11.1: 
Countries set realistic benchmarks for the completion rate but less so for learning
Comparison between actual and feasible benchmarks for 2025

GEM StatLink: https://bit.ly/GEM2023_fig11_1_
Note: Actual benchmarks are those set by countries for 2025. Feasible benchmarks estimate where countries are expected to be if they improve at the rate 
of the historic rate of the fastest 25% of countries observed in 2000–15.
Source: UIS and GEM Report (2023) based on the SDG 4 benchmark database.
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HIGHLIGHTS OF THE 2023 GEM REPORT 
MONITORING PART

As described previously, the first objective of the 
monitoring part of the 2023 GEM Report is to provide 
a concise measurement of progress towards the 
2030 targets. A box in each chapter provides a snapshot 
of such progress for at least one global indicator. 
The remainder of the main text analyses developments in 
other global and thematic indicators. 

A second objective of the monitoring part of the 
2023 GEM Report is to identify one or more issues per 
target that connect with the thematic part. These focus 
sections make various links with the theme of technology 
in education. 

Some focus sections examine aspects of digital 
technology. For instance, they look at issues such as how 
technology affects definitions of writing skills (Focus 12.1), 
active play outdoors in early childhood education as an 
alternative to screen time (Focus 13.1), micro-credentials 
facilitated by online technology as an alternative to 
traditional higher education (Focus 14.1), the potential 
effect of artificial intelligence technology on skill demand 
and supply (Focus 15.1), the elevated attention assigned 
to social and emotional learning and how theories about it 
inform education technology (Focus 18.1), and the role of 
big data in identifying education trends with an application 
on the use of online searches to understand interest in 
international scholarships (Focus 20.1).

An extensive analysis shows the financing gap that the 
GEM Report team has estimated will need to be filled for 
low- and lower-middle-income countries to achieve their 
national SDG 4 benchmarks, with new evidence on how the 
gap would increase if countries were to cover the cost of 
digital transformation in education under three scenarios 
of increasing ambition (Chapter 22).

One focus is related to how education can influence 
technology adoption, adjustment and development instead 
of how technology influences education – and examines 
shortages in science, technology, engineering and 
mathematics teachers (Focus 21.1).

Four focus sections look at technologies other than 
information and communication: construction and school 
buildings (Focus 19.1), energy and closing the school 
electrification gap through solar panels (Focus 19.2), 
transport and the impact of commuting to school 
(Focus 19.3), and agriculture linked to improving school 
meals (Focus 12.2). 

Finally, other focus sections look at selected issues of 
interest unrelated to technology: inequality based on 
parental education with an emphasis on first-generation 
students (Focus 16.1), the significance of reading speed 
for literacy (Focus 17.1), and the concern about the 
potential impact of an impending debt crisis in low- and 
lower-middle-income countries (Chapter 22).
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THE GEM REPORT IS MORE THAN JUST A 
REPORT

The world is very different today than in 2001 when the 
decision was taken to establish the Education for All Global 
Monitoring Report as an editorially independent report 
hosted and published by UNESCO. It has even changed 
considerably since 2015, when the decision was taken to 
give the Global Education Monitoring Report the mandate 
to monitor progress in education in the 2030 Agenda 
for Sustainable Development. The changes are not just 
related to the political, social, economic and environmental 
challenges, which provide the framework in which the 
report operates. They are also related to the much larger 
volumes of information that are available to report on 
education, the many more channels through which 
audiences are now used to receiving such information, 
and the pluralism in voices that these channels help bring. 

For a report designed from the outset to combine the 
twin functions of research and advocacy, there are also 
changing expectations of what should be delivered. 
The GEM Report could not stay the same as its mandate 
expanded to cover a universal education agenda for 
all countries and all levels of education. It developed a 
strategy for 2019–24 on the focus and form of its outputs 
within a constant resource envelope. The strategy set two 
priorities: fulfil its expanded mandate to be a truly global 
education reporting mechanism while tailoring its outputs 
and communication channels to increase opportunities to 
influence policy change.

Today, the GEM Report is more than just a report. It offers 
a range of resources: global and regional, in a few targeted 
cases, also national; monitoring and quantitative but 
also thematic and qualitative; indicators on outputs and 
outcomes but also on laws and policies; in print and online; 
static and interactive; organized by different themes; 
presented in numerous settings; and communicated 
through various channels. The outputs feed into and 
inform each other (Figure 11.3). This expansion has been 
possible through this synergy and coherence but also 
thanks to invaluable partnerships with a committed group 
of organizations around the world.
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ACCESS AND COMPLETION

The number of out-of-school children of primary school 
age was the flagship indicator of the international 

education agenda from 2000 until 2015. It was easy to 
communicate and powerful in presentation. It also seemed 
to be straightforward to calculate, based on a headcount 
of children in school, although a reliable population 
measure was often not available. It was selected even 
though it did not capture the second Education for All goal 
(‘all children … have access to, and complete, free and 
compulsory primary education’) nor the second Millennium 
Development Goal (‘children everywhere … complete a full 
course of primary schooling’). In fact, the out-of-school 
indicator showed exaggerated progress, as access to 
school does not mean progression and completion, as the 
international community came to realize over time through 
better statistics. Moreover, the indicator encouraged 
countries to bring and keep children in school – but made 
them less accountable for ensuring that children finished 
each education level or that children learned what was 
expected.

It was recognized in the early 2000s that the traditional 
way of estimating out-of-school rates and numbers 
was falling short of the requirements. Many countries, 
especially some of those with the largest out-of-school 
challenges, did not have robust administrative data 
systems. Education data reporting has been incomplete 
or inaccurate, while in some country-year combinations, 
there has been no reporting at all. As well, given the 
two-source nature of the administrative estimates, there 
are often inconsistencies between enrolment counts and 

population estimates. Data from household surveys offer 
crucial complementary insights, especially in countries 
with weak administrative data systems, yet there was no 
framework to incorporate them into national, regional and 
global estimates. At the same time, survey-based data are 
incomplete, as they tend to be infrequent and subject to 
survey bias and sampling and non-sampling errors. Still, 
the two sources can complement each other. A 2005 report 
recognized that ‘some sort of composite approach may be 
needed for estimating time series and producing estimates 
for the most recent year’ (UIS and UNICEF, 2005).  

It took another 15 years before this methodological 
challenge was addressed. In 2022, the UNESCO Institute 
for Statistics (UIS) and the Global Education Monitoring 
(GEM) Report developed a new cohort-based model 
that estimates out-of-school rates and numbers for 
all countries with available data, combining multiple 
data sources (UIS and GEM Report, 2022). The model 
mirrors the natural progression of students through a 
school cycle. Data from administrative and survey-based 
sources are reconciled, recognizing the fundamental 
differences in how the respective data are generated, 
while sharing information about bias and variance across 

 

It was recognized in the early 2000s that the 
traditional way of estimating out-of-school 
rates and numbers was falling short of the 
requirements 

FI GURE 12.1: 
The out-of-school population in sub-Saharan Africa increased by 12 million over 2015–21
Out-of-school rate, out-of-school children and enrolled children (primary and secondary education)

GEM StatLink: https://bit.ly/GEM2023_fig12_1_ 
Source: VIEW website. 
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LEARNING

Compared to access and completion statistics, analysis of 
learning faces distinctive challenges. First, data on learning 
outcomes are far less readily available. For instance, four  
in five countries do not have any data for learning in  
grades 2/3; roughly one in two countries do not have any 
data for learning at the end of primary and lower secondary 
education. Trend data are even more scarce: at most, 13 of 
the 82 low- and lower-middle-income countries have  
2 observations for reading at the end of primary education 
since 2013, while other combinations of level and subject 
have even fewer trend data points. Second, even when 
trend data exist, the quality is insufficient to allow robust 
assessments of change over time, despite significant 
efforts by the UIS to align multiple assessments for 
comparable measures of minimum proficiency  
(UIS, 2023a). These measures include only some basic 
skills: writing is not one of them, despite its importance. 
It is also a skill that is potentially being affected by 
technology (Focus 12.1).

The data available show that low- and middle-income 
countries are far from reaching universal minimum 
proficiency. Of the 31 low- and lower-middle-income 
countries for which there are data since 2019, only 
Viet Nam has a majority of children achieving minimum 
proficiency in both reading and mathematics at the end of 
primary school. By contrast, in 18 of these countries, fewer 
than 10% of children are reaching minimum proficiency in 
reading and/or mathematics (Figure 12.7). 

 

Roughly one in two countries do not have any 
data for learning at the end of primary and 
lower secondary education

FI GURE 12.7: 
Most low- and middle-income countries are far from reaching universal minimum proficiency
Percentage of students at or above minimum proficiency level at the end of primary school, reading and mathematics, selected low- 
and middle-income countries, 2019–21

GEM StatLink: https://bit.ly/GEM2023_fig12_7_
Note: Results for the 2019 ERCE are adjusted by the results of the Rosetta Stone project that equated its results with those of PIRLS and TIMMS  
(UIS, 2022b). ERCE: Regional Comparative and Explanatory Study. MILO: Monitoring the Impacts on Learning Outcomes (project). PASEC: Programme 
d’Analyse des Systèmes Éducatifs de la CONFEMEN. PIRLS: Progress in International Reading Literacy Study. SEA-PLM: Southeast Asia Primary Learning 
Metrics. TIMMS: Trends in International Mathematics and Science Study. 
Source: UIS database.
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Another question is whether the choice of writing 
technology impacts the style and literary quality of the 
writing. As linear finger movements are less demanding 
of motor skills, learners can reach an ‘automatic’ level 
faster when typing, leaving more time to think about 
higher-level features of what they want to write (Trubek, 
2016). While some true- and quasi-experimental evidence 
does point in the direction of handwriting making better 
writers (Santangelo and Graham, 2016), recent writing 
research has provided evidence that typing might favour 
writing processes and performance (Vasylets and Marín, 
2022). A meta-analysis found that handwriting and 
keyboarding fluency were significantly related, and both 
make for better writers (Feng et al., 2019). A study of 
Norwegian grade 1 students found no difference between 
texts written with pen on paper or touch-typed on a 
tablet (Spilling et al., 2021). A small-scale qualitative 
study suggested that students, especially reluctant 

writers, were more motivated to write longer texts when 
typing (Rønningsbakk, 2022). Indeed, offering typing 
as an alternative is a well-established accommodation 
in response to certain learning or functional difficulties 
(Freeman et al., 2005).

Ultimately, in their daily lives outside of school, young 
people tend to use different writing technologies 
depending on their subjective advantages and 
disadvantages in a given context (Farinosi et al., 2016). 
More important than the choice between them may be the 
proficiency in the chosen technique. When handwriting 
is used, better handwriting is associated with higher text 
quality (Limpo et al., 2017; Skar et al., 2021) and academic 
success (McCarroll and Fletcher, 2017). Similarly, without 
the ability to touch-type, in other words, type without 
looking at the keys, typing is not necessarily faster than 
handwriting (Weigelt-Marom and Weintraub, 2018) 
and the quality of texts written on a computer suffers 
(Weerdenburg et al., 2019). Students in grade 8 at schools 
that required better keyboarding skills scored higher in the 
NAEP writing task.

Detailed data from the NAEP on the writing habits and 
performance of grade 8 students in the United States 
show that both students who report writing their school 
assignments by hand more frequently and those who 
use a computer more frequently score higher writing 
scores (Figure 12.12). The same is true of students 
whose teachers encourage them to use a mixed approach 
of editing and finishing handwritten early drafts on a 
computer. 

Whether typing, handwriting or using a combination of 
the two, students always had higher proficiency levels 
when carrying out writing assignments more often. 
What seems to matter most is simply performing writing 
assignments frequently, by any means. It seems then that, 
as handwriting and typing are not mutually exclusive in real 
life, both have a place in the classroom.

FOCUS 12.2: HEALTHY SCHOOL  
MEALS ARE KEY TO UNIVERSAL 
EDUCATION AND LEARNING
Hungry children learn poorly. School feeding can play a 
key role in supporting cognitive performance. Evidence 
of the positive effects of school feeding on the health 
and physical development of children, as well as their 
schooling, is confirmed by systematic reviews  
(Destaw et al., 2022; Kristjansson et al., 2007;  
D. Wang et al., 2021). This includes the benefits that India’s 
midday meal scheme – the world’s largest programme – 
brings to learning (Chakraborty and Jayaraman, 2019), 

FIGURE 12.12: 
Strong writers can be found both among those writing by 
hand and those typing
Grade 8 students scoring at a ‘proficient’ or ‘advanced’ level 
in writing, by student self-reported usage of using pen and 
paper or a computer to write for school assignments and by 
teacher-reported frequency of requesting mixed use,  
United States, 2011
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GEM StatLink: https://bit.ly/GEM2023_fig12_12_
Source: 2011 NAEP.
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FOCUS 13.1: ACTIVE PLAY OUTDOORS 
IS MISSING FROM EARLY CHILDHOOD 
EDUCATION

The Education 2030 Framework for Action does not 
reference play as an essential element of SDG 4. 
It recognizes that young children ‘engage in intensive 
meaning-making of the self and surrounding world’ but 
makes no reference to their interaction with the natural 
world. But while active play outdoors is an essential 
element of early childhood education, a global study of 
unstructured play and/or time outdoors showed that 
children and adolescents did not reach high levels of 
physical activity in any country (Figure 13.8). The lack of 
such activity may be a bigger concern in richer and urban 
contexts, but the rapid advent of technology and lengthy 
screen time is turning it into a global policy concern.

Nature-based education amplifies both the benefits and 
the risks of outdoor play. It can provide opportunities for 
honing scientific skills, including observation, classification 
and prediction (Yanagihara, 2019), as well as general skills, 
including problem-solving, critical thinking, leadership, 
teamwork and communication (Kuo et al., 2019). Even 
coding can be introduced in this setting, without reference 
to or handling of electronic devices (Bell and Vahrenhold, 
2018; McLennan, 2020; Polat and Yilmaz, 2022;  
Saxena et al., 2020; Singhal, 2022). A systematic review 
similarly concluded that nature experiences show 
promise for increasing content knowledge and insights 
into scientific methodologies (Schilhab, 2021). Forest 
kindergartens, for instance, are daily outdoor educational 
programmes with limited or no indoor facilities. Children 
spend most of their time outside and the curriculum is 
based on their outdoor activities (Larimore, 2016). 

FI GURE 13.8: 
Too few children spend enough time in active play
Index of physical activity for children and adolescents, selected countries, 2022 

GEM StatLink: https://bit.ly/GEM2023_fig13_8_
Notes: The Physical Activity Report Card levels are based on national expert teams who assessed (a) the approximate percentage of children and 
adolescents who engaged in unstructured/unorganized active play at any intensity for more than 2 hours per day or (b) the percentage of children and 
adolescents who reported being outdoors for more than 2 hours per day, or a combination of both.  
Source: Aubert et al. (2022).
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STATISTICAL TABLES1

1	 The statistical tables are accessible on the GEM Report website at: https://en.unesco.org/gem-report/statistical-tables.

2	 This means 2020/21 for countries with a school year that overlaps two calendar years and 2021 for those with a calendar school year. The most recent reference 
year for education finance for the UOE countries is the year ending in 2019.

3	 The countries concerned are most European countries, non-European Organisation for Economic Co-operation and Development (OECD) countries, and a changing 
set of other countries.

4	 Where obvious inconsistencies exist between enrolment reported by countries and the United Nations population data, the UIS may decide not to calculate or 
publish enrolment ratios for some or all levels of education.

Table 1 presents basic information on demographic and 
education system characteristics as well as on domestic 
education finance. Tables 2–7 are organized by each of 
the seven Sustainable Development Goal (SDG) 4 targets 
(4.1–4.7) and three means of implementation (4.a–4.c). 
The tables mainly focus on the SDG 4 monitoring 
framework of 44 internationally comparable indicators: 
12 global and 32 thematic indicators. An additional 
indicator, ‘Proportion of children/young people prepared 
for the future, by sex’, is the product of the two global 
indicators of SDG target 4.1. The tables also include 
additional indicators, which are not formally part of the 
SDG 4 monitoring framework, such as transition from 
primary to secondary education and student mobility.

METHODOLOGICAL NOTES
Most data in the statistical tables come from the UNESCO 
Institute for Statistics (UIS). Where the statistical tables 
include data from other sources, these are mentioned in 
footnotes. The most recent UIS data on pupils, students, 
teachers and education expenditure presented in the 
tables are from the March 2023 release and refer to 
the school year or financial year ending in 2021.2 These 
statistics refer to formal education, both public and 
private, by level of education. The statistical tables list 
209 countries and territories, all of which are UNESCO 
Member States or associate members. Most report their 
data to the UIS using standard questionnaires issued 
by the UIS itself. For 46 countries, education data are 
collected by the UIS via the UIS/OECD/Eurostat (UOE) 
questionnaires.3

 
 

POPULATION DATA
The population-related indicators used in the statistical 
tables, including enrolment ratios, number of out-of-school 
children, adolescents and youth, and number of youth 
and adults, are based on the 2019 revision of population 
estimates produced by the UN Population Division. 
Because of possible differences between national 
population estimates and those of the United Nations, 
these indicators may differ from those published by 
individual countries or by other organizations.4 In the 
2019 revision, single year age data are not provided 
for countries with a total population of less than 
90,000. For these countries, as well as some special 
cases, population estimates are derived from Eurostat 
(Demographic Statistics), the Secretariat of the Pacific 
Community (Statistics and Demography Programme) 
or national statistical offices.

ISCED CLASSIFICATION
Education data reported to the UIS are in conformity with 
the International Standard Classification of Education 
(ISCED), 2011 revision. Countries may have their own 
definitions of education levels that do not correspond 
to ISCED 2011. Differences between nationally and 
internationally reported education statistics may be due  
to the use of nationally defined education levels rather 
than the ISCED level, in addition to the population issue 
raised above.

3442 0 2 3  •  G L O B A L  E D U C AT I O N  M O N I T O R I N G  R E P O R T





Ceibal and INEEd. (2022). Uruguay en el ICILS 2018: Informe de resultados nacionales. [Uruguay at ICILS 2018: National results 
report]. Ceibal and Instituto Nacional de Evaluación Educativa. https://www.ineed.edu.uy/images/publicaciones/
publicaciones_en_convenio/Uruguay-en-el-ICILS-2018.pdf

Cengage Group. (2021, 13 October). National Geographic Learning partners with the Egyptian Ministry of Education, 
bringing the world to the classroom for nearly 7 million learners. https://bit.ly/3YTvHx4

Centre for Education and Human Resource Development. (2022). Flash I report 2021/22. Ministry of Education, Science and 
Technology. https://nepalindata.com/media/resources/items/0/bFLASH_I_REPORT_2078_2021-22.pdf 

Centre for Education and Human Resources Development. (2023). Learning portal. https://learning.cehrd.edu.np
Chan Mow, I. (2008). Developments in e-learning in education in Samoa: Issues, challenges, strategies and recommendations 

for the way forward. Commonwealth of Learning. https://oasis.col.org/items/d320b255-7db9-4127-8a74-52
0a58966398

Chounta, I.-A., Bardone, E., Raudsep, A. and Pedaste, M. (2023). Exploring teachers’ perceptions of artificial intelligence as a 
tool to support their practice in Estonian K-12 education. http://colaps-project.info/uploads/publications/iJAIED___
FATE_AI_in_Estonian_K_12.pdf

Cooper, G. (2023). Examining science education in ChatGPT: An exploratory study of generative artificial intelligence.  
Journal of Science Education and Technology, 32(3), 444–452. https://doi.org/10.1007/s10956-023-10039-y

Davidson, J., Kidron, B. and Phillips, K. (2019). Child online protection in Rwanda. 5Rights Foundation, University of East 
London, University of Rwanda and Ministry of ICT and Innovation. https://5rightsfoundation.com/uploads/ 
cop-in-rwanda-report.pdf

de Melo, G., Machado, A. and Miranda, A. (2017). El impacto en el aprendizaje del programa Una Laptop por Niño: La 
evidencia de Uruguay [The impact on learning of the One Laptop per Child program: Evidence from Uruguay]. 
El Trimestre Económico, 84(334), 383–409. https://www.jstor.org/stable/45146869

Dhakal, R. K. and Bhandari, B. (2019). Situation analysis of open and distance learning teacher preparation in Nepal. Jamia 
Journal of Education, 5, 29–35. 

Education International. (2023). La Política educativa en Uruguay: Experimentos y alianzas empresariales para lucrar con el 
derecho a la educación [The education policy in Uruguay: Experiments and business alliances to benefit from the 
right to education]. Editorial Internacional de la Educación América Latina.  
https://issuu.com/educationinternational/docs/uruguay

e-Estonia. (2021). How Estonia, the PISA leader, is solving the shortage of ICT specialists. https://e-estonia.com/how-t
he-pisa-leader-is-solving-the-shortage-of-ict-specialists

Egypt Ministry of Communications and Information Technology. (2020). MCIT yearbook 2020.  
https://mcit.gov.eg/Upcont/Documents/Publications_142021000_MCIT%20Yearbook%202020.pdf

Egypt Today. (2020, 24 December). Egypt signs $252M financing agreements for education in 2020. Egypt Today.  
https://www.egypttoday.com/Article/3/95719/Egypt-signs-252M-financing-agreemen
ts-for-education-in-2020

El Zayat, N. (2022). Egypt: K-12 Egyptian Knowledge Bank study portal and new form of assessment. In S. Vincent-Lancrin, 
C. Cobo and F. Reimers (Eds) How learning continued during the COVID-19 pandemic: Global lessons from initiatives to 
support learners and teachers (pp. 167–171). OECD Publishing. https://doi.org/10.1787/7e988508-en

Estonian Education and Youth Board. (2020). How did Estonia become a new role model in digital education? https://www.
educationestonia.org/how-did-estonia-become-a-new-role-model-in-digital-education

Estonian Education and Youth Board. (2021). Voluntary, yet attractive and powerful low-stakes assessment. https://www.
educationestonia.org/innovation/assessment

European Commission. (2020). Education and training monitor 2020: A focus on digital education. https://op.europa.eu/
webpub/eac/education-and-training-monitor-2020/countries/estonia.html#three

Ewiss, M. Z., Abdelgawad, F. and Elgendy, A. (2019). School educational policy in Egypt: Societal assessment perspective. 
Journal of Humanities and Applied Social Sciences, 1, 55–68. https://www.emerald.com/insight/content/
doi/10.1108/JHASS-05-2019-004/full/pdf?title=school-educational-policy-in-egypt-societal-assessment-pers
pective

Farrokhnia, M., Banihashem, S. K., Noroozi, O. and Wals, A. (2023). A SWOT analysis of ChatGPT: Implications for 
educational practice and research. Innovations in Education and Teaching International, 1–15. https://doi.org/10.108
0/14703297.2023.2195846

Fiscal Nepal. (2020, 13 September). NTA establishes IT lab in 725 schools across country.  
https://www.fiscalnepal.com/2020/09/13/1131/it-labs-established-in-725-schools-across-country

425 ANNEX •  REFERENCES



Mayron, S. (2019, 12 November). New cable caters for online Samoa. Samoa Observer.  
https://www.samoaobserver.ws/category/samoa/53118

Mehisto, P. and Kitsing, M. (2021). Estonia: Co-constructing the future we need now. Ministry of Education and Research. 
https://www.educationestonia.org/wp-content/uploads/2021/09/Estonia_Co-constructing-the-future-we-ne
ed-now_2021.pdf

Membrere, M. (2021, 16 February). Ministry considers satellite-based internet. Samoa Observer.  
https://www.samoaobserver.ws/category/samoa/79284

Milder, D. (2022, 23 April). El Ceibal por dentro: La nueva cara que el gobierno quiere dar al plan que creó Vázquez y cumple 
15 años [Ceibal inside: The new face that the government wants to give to the plan created by Vázquez and that 
turns 15]. El Pais. https://www.elpais.com.uy/que-pasa/el-ceibal-por-dentro-la-nueva-cara-que-el-gobierno
-quiere-dar-al-plan-que-creo-vazquez-y-cumple-15-anos

Min, A. H. (2020, 20 April). About 12,500 laptops and tablets loaned out to students for home-based learning. 
Channel News Asia. https://www.channelnewsasia.com/singapore/covid19-laptops-schools-moe-educati
on-home-based-learning-765516

Morozov, E. (2022, 7 July). Avoiding solutionism in the digital transformation of education. UNESCO. https://www.unesco.
org/en/articles/avoiding-solutionism-digital-transformation-educationMoustafa, N., Elghamrawy, E., King, K. 
and Hao, Y. C. (2022). Education 2.0: A vision for educational transformation in Egypt.  
In F. M. Reimers, U. Amaechi, A. Banerji and M. Wang (Eds) Education to build back better: What can we learn 
from education reform for a post-pandemic world (pp. 51–74). Springer. https://link.springer.com/content/
pdf/10.1007/978-3-030-93951-9.pdf?pdf=button

Moustafa, N., Elghamrawy, E., King, K. and Hao, Y. C. (2022). Education 2.0: A vision for educational transformation in 
Egypt. In F. M. Reimers, U. Amaechi, A. Banerji and M. Wang (Eds) Education to build back better: What can we learn 
from education reform for a post-pandemic world (pp. 51–74). Springer.  
https://link.springer.com/content/pdf/10.1007/978-3-030-93951-9.pdf?pdf=button

Mugiraneza, J. P. (2021). Digitalization in teaching and education in Rwanda: Digitalization, the future of work and the teaching 
profession project. International Labour Organization and GIZ. https://www.ilo.org/wcmsp5/groups/public/-
--ed_dialogue/---sector/documents/publication/wcms_783668.pdf

NCEE. (2021). Singapore. National Center on Education and the Economy. https://ncee.org/country/singapore
Ndayambaje, I. (2023). Teaching and the teaching profession in a digital world: Rwanda. International Labour Organization. 

https://www.ilo.org/wcmsp5/groups/public/---ed_dialogue/---sector/documents/publication/wcms_880412.
pdf

Nepal Ministry of Communication and Information Technology. (2019). 2019 Digital Nepal framework: Unlocking Nepal’s 
growth potential. https://nepalindata.com/media/resources/items/15/bEN_Digital_Nepal_Framework_
V7.2March2019.pdf

Nepal Ministry of Education, Science and Technology. (2022). School Education Sector Plan for the Nepal school education 
sector 2022/23-2031/32. https://moest.gov.np/upload_file/files/post/1668690227_1997409338_Nepal%20
School%20Education%20Sector%20Plan%20final%202022%20.pdf

NITI Aayog. (2018). National Strategy for Artificial Intelligence #AIForAll. https://niti.gov.in/sites/default/files/2019-01/Natio
nalStrategy-for-AI-Discussion-Paper.pdf

Niyonzima, O. (2018, 14 June). Rwanda bans use of mobile phones in school. KT Press.  
https://www.ktpress.rw/2018/06/rwanda-bans-use-of-mobile-phones-in-schools

Nsanzimana, G. (2022, 7 July). Rural schools appeal for more smart classrooms. The New Times.  
https://www.newtimes.co.rw/article/201069/News/rural-schools-appeal-for-more-smart-classrooms

OECD. (2020a). Distribution of graduates and new entrants by field. Organisation for Economic Co-Operation and 
Development. https://stats.oecd.org/Index.aspx?DataSetCode=EAG_GRAD_ENTR_FIELD 

OECD. (2020b). Education policy outlook: Estonia. Organisation for Economic Co-operation and Development.  
https://www.oecd.org/education/policy-outlook/country-profile-Estonia-2020.pdf

OECD. (2020c). PISA 2018 results (Volume V): Effective policies, successful schools. OECD Publishing.  
https://doi.org/10.1787/ca768d40-en

OECD. (2020d). Strengthening the governance of skills systems: Lessons from six OECD countries. OECD Publishing.  
https://www.oecd.org/publications/strengthening-the-governance-of-skills-systems-3a4bb6ea-en.htm

OECD. (2021). OECD digital education outlook 2021: Pushing the frontiers with artificial intelligence, blockchain and robots. OECD 
Publishing. https://digital-education-outlook.oecd.org 

OLE Nepal. (2023). What we do. https://www.olenepal.org

428ANNEX •  REFERENCES 2023 •  GLOBAL EDUCATION MONITORING REPORT



Cohen, N. (2021, 28 October). VIPs expect special treatment. At Wikipedia, don’t even ask. Washington Post. https://www.
washingtonpost.com/outlook/wikipedia-jimmy-wales-john-eastman-editing/2021/10/28/f2d61bea-35fd-11
ec-9bc4-86107e7b0ab1_story.html

Collier, M. (2006). Strategic change in higher education libraries with the advent of the digital library during the 
fourth decade of program. Program Electronic Library and Information Systems, 40(4), 334–345. https://doi.
org/10.1108/00330330610707917

Colombia Ministry of National Education. (2023). ¿Qué es Aprender Digital Ligera? [What is Digital Light Learning?]. https://
movil.colombiaaprende.edu.co/sobre-esta-plataforma

Commonwealth of Learning. (2022). Open educational resources in the Commonwealth 2021. https://oasis.col.org/items/9be
133c9-59e8-41a1-8c11-dccf53ea5abd

Coursera. (2021). 2021 Impact report: Serving the world through learning. https://about.coursera.org/press/wp-content/uplo
ads/2021/11/2021-Coursera-Impact-Report.pdf

Creative Commons. (2017). State of the Commons. https://stateof.creativecommons.org
Creative Commons. (2019). Creative Commons annual report 2019. https://wiki.creativecommons.org/images/2/20/CC_

AnnualReport_2019.pdf
Cunneen, R. and O’Neil, M. (2021, 4 November). Students are told not to use Wikipedia for research. But it’s a trustworthy 

source. The Conversation. https://theconversation.com/students-are-told-not-to-use-wikipedia-for-research-bu
t-its-a-trustworthy-source-168834

Currier, S., Barton, J., O’Beirne, R. and Ryan, B. (2004). Quality assurance for digital learning object repositories: Issues for 
the metadata creation process. Research in Learning Technology, 12(1). https://doi.org/10.3402/rlt.v12i1.11223

Davis, L. (2021, 10 August). Changing the face of Wikipedia. WikiEdu. https://wikiedu.org/blog/2021/08/10/
changing-the-face-of-wikipedia

Dawson, P. H. and Yang, S. Q. (2016). Institutional repositories, open access and copyright: What are the practices and 
implications? Science and Technology Libraries, 35(4), 279–294. https://doi.org/10.1080/0194262x.2016.1224994

del Valle, G. (2019, 6 March). The high cost of college textbooks, explained. Vox. https://www.vox.com/
the-goods/2019/3/6/18252322/college-textbooks-cost-expensive-pearson-cengage-mcgraw-hill

DIKSHA. (2021). About DIKSHA. https://diksha.gov.in/about
Dillahunt, T. R., Wang, B. Z. and Teasley, S. (2014). Democratizing higher education: Exploring MOOC use among those who 

cannot afford a formal education. International Review of Research in Open and Distributed Learning, 15(5). https://
doi.org/10.19173/irrodl.v15i5.1841

Directory of Open Access Journals. (2022). DOAJ: Public data dump. https://doaj.org/docs/public-data-dump
Ducard, M. (2018, 22 October). YouTube learning: Investing in educational creators, resources and tools for EduTubers. 

YouTube Official Blog. https://blog.youtube/news-and-events/youtube-learning-investing-in
Else, H. (2018, 4 September). Radical open-access plan could spell end to journal subscriptions. Nature. https://www.

nature.com/articles/d41586-018-06178-7
European MOOC Consortium. (2019). EMC common microcredential framework. https://emc.eadtu.eu/images/EMC_

Common_Microcredential_Framework_.pdf
European MOOC Consortium. (2022). European MOOC consortium. https://emc.eadtu.eu
Faverio, M. and Perrin, A. (2022). Three-in-ten Americans now read e-books. Pew Research. https://www.pewresearch.org/

fact-tank/2022/01/06/three-in-ten-americans-now-read-e-books
Feldman, B. (2018, 16 March). Why Wikipedia works. New York Magazine. https://nymag.com/intelligencer/2018/03/

why-wikipedia-works.html
Fischer, L., Hilton, J., Robinson, T. J. and Wiley, D. A. (2015). A multi-institutional study of the impact of open textbook 

adoption on the learning outcomes of post-secondary students. Journal of Computing in Higher Education, 27(3), 
159–172. https://doi.org/10.1007/s12528-015-9101-x

Flynn, K. (2017, 5 October). Facebook outsources its fake news problem to Wikipedia – and an army of human moderators. 
Mashable. https://mashable.com/article/facebook-wikipedia-context-articles-news-feed

FNDE. (2023). Histórico do PNLD [Hisotry of PNLD]. Fundo Nacional de Desenvolvimento da Educação. 
Fortune Business Insights. (2022). Learning management system (LMS) market size, share & COVID-19 impact analysis, 

by component (solutions and services), by deployment (on-premise and cloud), by end-user (academic and corporate), 
by enterprise type (small and medium enterprises (SMEs)) and large enterprises), and regional forecast, 2023-2030. 
https://www.fortunebusinessinsights.com/industry-reports/learning-management-system-market-101376

Fundação Lemann. (2017, 21 August). Encontro nacional reúne educadores youtubers [National meeting brings together 
YouTube educators]. https://fundacaolemann.org.br/noticias/encontro-nacional-reune-educadores-youtubers

443 ANNEX •  REFERENCES



Wikimedia. (2022). Wikimedia statistics. https://stats.wikimedia.org/#/all-projects/reading/page-views-by-country/norm
al%7Cmap%7Clast-month%7C(access)~desktop*mobile-app*mobile-web%7Cmonthly

Wikipedia. (2022). History of Wikipedia. https://en.wikipedia.org/wiki/History_of_Wikipedia#2021
Wiley, D. (2014). Defining the ‘open’ in open content and open educational resources.  

https://edtechbooks.org/wild/open_definition 
Wiley, D., Hilton, J. I., Ellington, S. and Hall, T. (2012). A preliminary examination of the cost savings and learning impacts 

of using open textbooks in middle and high school science classes. International Review of Research in Open and 
Distance Learning, 13(3), 262–276. https://www.irrodl.org/index.php/irrodl/article/view/1153/2256

Wimpenny, K., Nascimbeni, F., Affouneh, S., Almakari, A., Jariego, I. M. and Eldeib, A. (2022). Using open education practices 
across the Mediterranean for intercultural curriculum development in higher education. Teaching in Higher 
Education, 27(1), 54–69. https://doi.org/10.1080/13562517.2019.1696298

WIPO. (2016). Summary of the Marrakesh Treaty to facilitate access to published works for persons who are blind, visually 
impaired, or otherwise print disabled (MVT) (2013). World Intellectual Property Organization.  
https://www.wipo.int/treaties/en/ip/marrakesh/summary_marrakesh.html

WIPO. (2023). WIPO-administered treaties : Marrakesh VIP Treaty. World Intellectual Property Organization.  
https://www.wipo.int/wipolex/en/treaties/textdetails/13169

Yousef, A. M. F. and Sumner, T. (2021). Reflections on the last decade of MOOC research. Computer Applications in 
Engineering Education, 29(4), 648–665. https://doi.org/10.1002/cae.22334

Zawacki-Richter, O., Bozkurt, A., Alturki, U. and Aldraiweesh, A. (2018). What research says about MOOCs: An explorative 
content analysis. International Review of Research in Open and Distributed Learning, 19(1). https://doi.org/10.19173/
irrodl.v19i1.3356

Zawacki-Richter, O., Conrad, D., Bozkurt, A., Aydin, C. H., Bedenlier, S., Jung, I., Stöter, J., Veletsianos, G., Blaschke, L. M., 
Bond, M., Broens, A., Bruhn, E., Dolch, C., Kalz, M., Kerres, M., Kondakci, Y., Marin, V., Mayrberger, K., Müskens, W., 
Naidu, S., Qayyum, A., Roberts, J., Sangrà, A., Senyo Loglo, F., Slagter van Tryon, P. J. and Xiao, J. (2020). Elements 
of open education: An invitation to future research. International Review of Research in Open and Distributed 
Learning, 21(3), 319–334. https://doi.org/10.19173/irrodl.v21i3.4659

CHAPTER 4 
Abdullah, A. H., Soh, H. M., Mokhtar, M., Hamzah, M. H., Ashari, Z. M., Ali, D. F., Samah, N. A., Jumaat, N. F., Ibrahim, N. H., 

Surif, J. and Rahman, S. N. S. A. (2021). Does the use of smart board increase students’ higher order thinking skills 
(HOTS)? IEEE Access, 9, 1833–1854. https://doi.org/10.1109/access.2020.3042832

Akar, H. (2020). The effect of smart board use on academic achievement: A meta-analytical and thematic  
study. International Journal of Education in Mathematics, Science and Technology, 8(3), 261–273.  
https://doi.org/10.46328/ijemst.v8i3.908

Ames, M. G. (2019). The charisma machine: The life, death and legacy of One Laptop Per Child. MIT Press.  
https://mitpress.mit.edu/9780262537445/the-charisma-machine

Angel-Urdinola, D. F., Castillo, C., Medina, C. and Vainstein, J. (2022, 5 October). Can VR training save lives? World Bank 
Blogs. https://blogs.worldbank.org/latinamerica/can-vr-training-save-lives

Angel-Urdinola, D. F., Castillo-Castro, C. and Hoyos, A. (2021). Meta-analysis assessing the effects of virtual reality 
training on student learning and skills development (Policy Research Working Paper 9587). World Bank.  
https://openknowledge.worldbank.org/entities/publication/77a74b0e-7030-5e69-bd90-49a94f244671

Angrist, N., Bergman, P. and Matsheng, M. (2022). Experimental evidence on learning using low-tech when school is out. 
Nature Human Behaviour, 6(7), 941–950. https://doi.org/10.1038/s41562-022-01381-z

Ara, A. (2023). Wiki-based collaborative writing: Undergraduate learners’ perspectives. In R. Khan, A. Bashir, B. L. Basu  
and M. E. Uddin (Eds) Local research and glocal perspectives in English language teaching (pp. 213–228). Springer. 
https://doi.org/10.1007/978-981-19-6458-9_14

Attard, C. and Holmes, K. (2022). An exploration of teacher and student perceptions of blended learning in  
four secondary mathematics classrooms. Mathematics Education Research Journal, 34(4), 719–740.  
https://doi.org/10.1007/s13394-020-00359-2

Aurino, E., Tsinigo, E. and Wolf, S. (2022). Nudges to improve learning and gender parity: Preliminary findings on  
supporting parent-child educational engagement during COVID-19 using mobile phones (Technical report).  
EdTech Hub. https://docs.edtechhub.org/lib/PWU63GQS

449 ANNEX •  REFERENCES



Azevedo, J. P., Gutierrez, M., de Hoyos, R. and Saavedra, J. (2022). The unequal impacts of COVID-19 on student  
learning. In F. M. Reimers (Ed) Primary and secondary education during COVID-19 (pp. 421–459). Springer.  
https://doi.org/10.1007/978-3-030-81500-4_16

Baker, R. S. (2016). Stupid tutoring systems, intelligent humans. International Journal of Artificial Intelligence in Education, 
26(2), 600–614. https://doi.org/10.1007/s40593-016-0105-0

Batra, G., Nangia, A. and Reimers, F. (2022). India (Madhya Pradesh): #Learning will not stop. In S. Vincent-Lancrin, C. Cobo 
and F. Reimers (Eds) How learning continued during the COVID‑19 pandemic: Global lessons from initiatives to support 
learners and teachers. OECD Publishing. https://doi.org/10.1787/e4908fbf-en

Bayraktar, S. (2001). A meta-analysis of the effectiveness of computer-assisted instruction in science education. Journal of 
Research on Technology in Education, 34(2), 173–188. https://doi.org/10.1080/15391523.2001.10782344

Beg, S., Lucas, A., Halim, W. and Saif, U. (2019). Beyond the basics: Improving post-primary content delivery through 
classroom technology. (NBER Working Paper 25704). National Bureau of Economic Research.  
https://www.nber.org/system/files/working_papers/w25704/revisions/w25704.rev0.pdf

Bergdahl, N., Nouri, J. and Fors, U. (2020). Disengagement, engagement and digital skills in technology-enhanced learning. 
Education and Information Technologies, 25(2), 957–983. https://doi.org/10.1007/s10639-019-09998-w

Berlinski, S., Busso, M., Dinkelman, T. and Martínez A., C. (2021). Reducing parent-school information gaps and improving 
education outcomes: Evidence from high-frequency text messages. (NBER Working Paper 28581).  
National Bureau of Economic Research. www.nber.org/papers/w28581

Bhargava, A. (2022, 21 December). A learning tool that stands out in India’s EdTech frenzy. BQ Prime.  
https://www.bqprime.com/business/a-learning-tool-that-stands-out-in-indias-edtech-frenzy

Bhutoria, A. (2022). Personalized education and artificial intelligence in the United States, China, and India:  
A systematic review using a Human-in-the-Loop model. Computers & Education: Artificial Intelligence,  
3, 100068. https://doi.org/10.1016/j.caeai.2022.100068

Bhutoria, A. and Aljabri, N. (2022). Patterns of cognitive returns to information and communication technology (ICT) 
use of 15-year-olds: Global evidence from a hierarchical linear modeling approach using PISA 2018. Computers & 
Education, 181, 104447. https://doi.org/10.1016/j.compedu.2022.104447

Bianchi, N., Lu, Y. and Song, H. (2022). The effect of computer-assisted learning on students’ long-term development. 
Journal of Development Economics, 158, 102919. https://doi.org/10.1016/j.jdeveco.2022.102919

Borgonovi, F. and Pokropek, M. (2021). The evolution of the association between ICT use and reading achievement in 
28 countries. Computers & Education Open, 2, 100047. https://doi.org/10.1016/j.caeo.2021.100047

Bredow, C. A., Roehling, P. V., Knorp, A. J. and Sweet, A. M. (2021). To flip or not to flip? A meta-analysis of the efficacy of 
flipped learning in higher education. Review of Educational Research, 91(6), 878–918.  
https://doi.org/10.3102/00346543211019122

Büchel, K., Jakob, M., Kühnhanss, C., Steffen, D. and Brunetti, A. (2022). The relative effectiveness of teachers  
and learning software: Evidence from a field experiment in El Salvador. Journal of Labor Economics, 40(3).  
https://www.consciente.ch/wp-content/uploads/2019/05/CALImpact_Evaluation_Report_April19.pdf

Bulger, M. (2016). Personalized learning: The conversations we’re not having (Working paper). Data and Society Research 
Institute. https://datasociety.net/pubs/ecl/PersonalizedLearning_primer_2016.pdf

Bulman, G. and Fairlie, R. W. (2016). Technology and education: Computers, software and the internet. In E. A. Hanushek, 
S. Machin and L. Woessmann (Eds) Handbook of the Economics of Education (Vol. 5, pp. 239–280). Elsevier.

Bülow, M. W. (2022). Designing synchronous hybrid learning spaces: Challenges and opportunities. In E. Gil, Y. Mor, 
Y. Dimitriadis and C. Koppe (Eds) Hybrid learning spaces (pp. 135–163). Springer.  
https://doi.org/10.1007/978-3-030-88520-5_9

Burns, M. (2021). Technology in education (Think piece for the Global Education Monitoring Report 2023).  
https://unesdoc.unesco.org/ark:/48223/pf0000378951

Cancino, M. and Panes, J. (2021). The impact of Google Translate on L2 writing quality measures: Evidence from Chilean 
EFL high school learners. System, 98, 102464. https://doi.org/10.1016/j.system.2021.102464

Cardim, J., Molina-Millán, T. and Vicente, P. C. (2023). Can technology improve the classroom experience in primary 
education? An African experiment on a worldwide program. Journal of Development Economics, 164, 103145. 
https://doi.org/10.1016/j.jdeveco.2023.103145

Carnoy, M. (2004). ICT in education: Possibilities and challenges. Inaugural Lecture of the UOC 2004-2005 Academic Year.
Carrier, L. M., Rosen, L. D., Cheever, N. A. and Lim, A. F. (2015). Causes, effects, and practicalities of everyday multitasking. 

Developmental Review, 35, 64–78. https://doi.org/10.1016/j.dr.2014.12.005

450ANNEX •  REFERENCES 2023 •  GLOBAL EDUCATION MONITORING REPORT



Castellanos-Reyes, D., Romero-Hall, E., Vasconcelos, L. and García, B. (2022). Mobile learning for emergency situations: 
Four design cases from Latin America. In V. Dennen, C. Dickson-Deane, X. Ge, D. Ifenthaler, S. Murthy and 
J. Richardson (Eds) Global perspectives on educational innovations for emergency situations (pp. 89–98). Springer. 
https://doi.org/10.1007/978-3-030-99634-5_9

Central Square Foundation. (2021). Reimagining education through technology. https://cms.foundationallearning.in/
wp-content/uploads/2023/03/Global-Innovations_Reimagine-Education_MASTER_final-1-1.pdf

Chauhan, S. (2017). A meta-analysis of the impact of technology on learning effectiveness of elementary students. 
Computers & Education, 105, 14–30. https://doi.org/10.1016/j.compedu.2016.11.005

Chen, J., Wang, M., Kirschner, P. A. and Tsai, C.-C. (2018). The role of collaboration, computer use, learning  
environments, and supporting strategies in CSCL: A meta-analysis. Review of Educational Research, 88(6), 
799–843. https://doi.org/10.3102/0034654318791584

Chernikova, O., Heitzmann, N., Stadler, M., Holzberger, D., Seidel, T. and Fischer, F. (2020). Simulation-based 
learning in higher education: A meta-analysis. Review of Educational Research, 90(4), 499–541. https://doi.
org/10.3102/0034654320933544

Cheung, A. C. K. and Slavin, R. E. (2013). Effects of educational technology applications on reading outcomes for struggling 
readers: A best evidence synthesis. Reading Research Quarterly, 48(3), 277–299. https://doi.org/10.1002/rrq.50

Cho, H. (2021). Quizlet in the EFL classroom: Enhancing vocabulary acquisition of Korean middle school students. Alliant 
International University. https://www.proquest.com/openview/2dca077bad8a429c3bc6e712f3a6e20c/1?pq-or
igsite=gscholar&;cbl=18750&diss=y

Cristia, J., Ibarrarán, P., Cueto, S., Santiago, A. and Severín, E. (2017). Technology and child development: Evidence  
from the One Laptop per Child program. American Economic Journal: Applied Economics, 9(3), 295–320.  
https://doi.org/10.1257/app.20150385

Cueto, S. (2023, 18 January). EdTech in Peru: If you build it, they might come (but probably not). UKFIET.  
https://www.ukfiet.org/2023/ed-tech-in-peru-if-you-build-it-they-might-come-but-probably-not

de Barros, A. and Ganimian, A. J. (2021). Which students benefit from personalized learning? Experimental evidence from a math 
software in public schools in India. https://static1.squarespace.com/static/5990cfd52994ca797742fae9/t/606dc
8bec889593606cffd4f/1617807551193/de+Barros+&;+Ganimian+2021.pdf

de Barros, A., Ganimian, A. J. and Venkatachalam, A. (2022). Which students benefit from independent practice? 
Experimental evidence from a math software in private schools in India. Journal of Research on Educational 
Effectiveness, 15(2), 279–301. https://doi.org/10.1080/19345747.2021.2005203

Deloitte and Ipsos MORI. (2019). 2nd survey of schools: ICT in education: Objective 1 – Benchmark progress in ICT in schools. 
Publications Office of the European Union. https://data.europa.eu/euodp/data/storage/f/2019-03-19T084831/
FinalreportObjective1-BenchmarkprogressinICTinschools.pdf

Dichev, C. and Dicheva, D. (2017). Gamifying education: What is known, what is believed and what remains  
uncertain: A critical review. International Journal of Educational Technology in Higher Education, 14(1), 9.  
https://doi.org/10.1186/s41239-017-0042-5

DiGregorio, P. and Sobel-Lojeski, K. (2010). The effects of interactive whiteboards (IWBs) on student performance  
and learning: A literature review. Journal of Educational Technology Systems, 38(3), 255–312.  
https://doi.org/10.2190/et.38.3.b

Dizon, G. (2016). Quizlet in the EFL classroom: Enhancing academic vocabulary acquisition of Japanese university students. 
Teaching English with Technology, 2, 40–56. https://www.ceeol.com/search/article-detail?id=408428

Dontre, A. J. (2021). The influence of technology on academic distraction: A review. Human Behavior and Emerging 
Technologies, 3(3), 379–390. https://doi.org/10.1002/hbe2.229

Drolia, M., Papadakis, S., Sifaki, E. and Kalogiannakis, M. (2022). Mobile learning applications for refugees: A systematic 
literature review. Education Sciences, 12(2), 96. https://doi.org/10.3390/educsci12020096

Duraiappah, A., Atteveldt, N. van, Asah, S., Borst, G., Bugden, S., Buil, J. M., Ergas, O., Fraser, S., Mercier, J., Mesa, J. F. R., 
Mizala, A., Mochizuki, Y., Okano, K., Piech, C., Pugh, K., Ramaswamy, R., Singh, N. C. and Vickers, E. (2021). 
The international science and evidence-based education assessment. npj Science of Learning, 6(1), 7.  
https://doi.org/10.1038/s41539-021-00085-9

Ebadi, S. and Rahimi, M. (2017). Exploring the impact of online peer-editing using Google Docs on EFL learners’  
academic writing skills: A mixed methods study. Computer Assisted Language Learning, 30(8), 787–815.  
https://doi.org/10.1080/09588221.2017.1363056

Education Endowment Foundation. (2016). Texting parents: Evaluation report and executive summary.  
https://d2tic4wvo1iusb.cloudfront.net/documents/projects/Texting_Parents.pdf?v=1682591893

451 ANNEX •  REFERENCES

https://unesdoc.unesco.org/ark:/48223/pf0000028412_eng


Ei Shiksha. (2021). Implementing EdTech at home in India: Experiences and learnings from Ei Mindspark during COVID-19. https://
ei.study/wp-content/uploads/2023/02/Perspectives-by-Ei-Shiksha_Implementing-EdTech-at-Home-2.pdf 

Esara, K. and Sinan, Ö. K. (2017). Evaluation of a nationwide ICT reform movement in Turkey: Insights from  
the FATIH project. I-Manager’s Journal on School Educational Technology, 13(1), 33–48.  
https://doi.org/10.26634/jsch.13.1.13700

Escueta, M., Nickow, A. J., Oreopoulos, P. and Quan, V. (2020). Upgrading education with technology: Insights from 
experimental research. Journal of Economic Literature, 58(4), 897–996. https://doi.org/10.1257/jel.20191507

European Commission. (2020). Innovation and digitalisation: A report of the ET 2020 Working Group on Vocational Education and 
Training (VET). European Union. https://ec.europa.eu/social/BlobServlet?docId=23274&langId=en 

Evans, D. K. and Yuan, F. (2022). What we learn about girls’ education from interventions that do not focus on girls.  
L@S ’22: Proceedings of the Ninth ACM Conference on Learning@Scale, 36(1), 244–267.  
https://doi.org/10.1093/wber/lhab007

Fang, Y., Ren, Z., Hu, X. and Graesser, A. C. (2019). A meta-analysis of the effectiveness of ALEKS on learning.  
Educational Psychology, 39(10), 1278–1292. https://doi.org/10.1080/01443410.2018.1495829

Fraillon, J., Ainley, J., Schulz, W., Friedman, T. and Duckworth, D. (2019). Preparing for life in a digital world: IEA  
International Computer and Information Literacy Study 2018 international report. International Association for  
the Evaluation of Educational Achievement. https://www.iea.nl/sites/default/files/2019-11/ICILS%202019%20
Digital%20final%2004112019.pdf

Ganimian, A. J., Vegas, E. and Hess, F. M. (2020). Realizing the promise: How can education technology improve learning for all? 
Brookings Institution. https://www.brookings.edu/essay/realizing-the-promise-how-can-education-technolo
gy-improve-learning-for-all

Garzón, J., Kinshuk, Baldiris, S., Gutiérrez, J. and Pavón, J. (2020). How do pedagogical approaches affect the impact of 
augmented reality on education? A meta-analysis and research synthesis. Educational Research Review, 31, 
100334. https://doi.org/10.1016/j.edurev.2020.100334

Genlott, A. A. and Grönlund, Å. (2016). Closing the gaps: Improving literacy and mathematics by ICT-enhanced 
collaboration. Computers & Education, 99, 68–80. https://doi.org/10.1016/j.compedu.2016.04.004

Gillet, D., Rodríguez-Triana, M. J., Jong, T. D., Bonen, L. and Dikke, D. (2017). Cloud ecosystem for supporting inquiry learning 
with online labs: Creation, personalization, and exploitation. 4th Experiment@International Conference Proceedings, 
208–213. https://doi.org/10.1109/expat.2017.7984406

Go-Lab. (2023). Qu’est-ce que l’initiative Go-Lab ? [What is the Go-Lab initiative ?]. https://support.golabz.eu/fr/node/215
Goldhaber, D., Kane, T. J., McEachin, A., Morton, E., Patterson, T. and Staiger, D. O. (2022). The consequences of remote and 

hybrid instruction during the pandemic. (NBER Working Paper 30010). National Bureau of Economic Research. 
https://www.nber.org/system/files/working_papers/w30010/w30010.pdf

Gorjón, L. and Osés, A. (2022). The negative impact of information and communication technologies overuse  
on student performance: Evidence from OECD countries. Journal of Educational Computing Research, 61(4).  
https://doi.org/10.1177/07356331221133408

Gray, L. and Lewis, L. (2021). Use of educational technology for instruction in public schools: 2019-20. National Center for 
Education Statistics, US Department of Education. https://nces.ed.gov/pubs2021/2021017.pdf

Grimalt-Álvaro, C., Ametller, J. and Pintó, R. (2019). Factors shaping the uptake of ICT in science classrooms. A study of a 
large-scale introduction of interactive whiteboards and computers. International Journal of Innovation in Science 
and Mathematics Education, 27(1), 18–36. https://doi.org/10.30722/ijisme.27.01.002

Gubbels, J., Swart, N. M. and Groen, M. A. (2020). Everything in moderation: ICT and reading performance of Dutch 
15-year-olds. Large-Scale Assessments in Education, 8(1). https://doi.org/10.1186/s40536-020-0079-0

Gupta, G. and Sarin, R. (2022). EdTech for India: Leveraging technology to bridge learning gaps. Central Square 
Foundation. https://www.centralsquarefoundation.org/reports/edtech-for-india-leveraging-technolo
gy-to-bridge-learning-gaps

Guyana Ministry of Education. (2021). Information and communication technology in education: Policy and master plan. https://
education.gov.gy/web2/index.php/or/publications/6774-moe-ict-in-education-policy-and-master-plan/file

Guyana Ministry of Education. (2022). Support for education recovery and transformation project: Socio-cultural analysis. 
https://education.gov.gy/web2/index.php/or/publications/6788-socio-cultural-analysis-support-for-education-
recovery-and-transformation-project-october-2022/file

Hall, A. C. G., Lineweaver, T. T., Hogan, E. E. and O’Brien, S. W. (2020). On or off task: The negative influence of laptops  
on neighboring students’ learning depends on how they are used. Computers & Education, 153, 103901.  
https://doi.org/10.1016/j.compedu.2020.103901

452ANNEX •  REFERENCES 2023 •  GLOBAL EDUCATION MONITORING REPORT



Haugsbakk, G. (2021). Technology giants, educational policy and a preliminary mapping of networks and channels of 
influence in a Norwegian context. Seminar.Net, 17(2). https://doi.org/10.7577/seminar.4303

Hillmayr, D., Ziernwald, L., Reinhold, F., Hofer, S. I. and Reiss, K. M. (2020). The potential of digital tools to enhance 
mathematics and science learning in secondary schools: A context-specific meta-analysis. Computers & 
Education, 153, 103897. https://doi.org/10.1016/j.compedu.2020.103897

Hirata, G. (2022). Play to learn: The impact of technology on students’ math performance. Journal of Human Capital, 16(3), 
437–459. https://doi.org/10.1086/719846

Hu, J. and Yu, R. (2021). The effects of ICT-based social media on adolescents’ digital reading performance:  
A longitudinal study of PISA 2009, PISA 2012, PISA 2015 and PISA 2018. Computers & Education, 175, 104342. 
https://doi.org/10.1016/j.compedu.2021.104342

Hussein, M. H., Ow, S. H., Elaish, M. M. and Jensen, E. O. (2022). Digital game-based learning in K-12 mathematics 
education: A systematic literature review. Education and Information Technologies, 27(2), 2859–2891.  
https://doi.org/10.1007/s10639-021-10721-x

IITE, Commonwealth of Learning and Beijing Normal University. (2022). Smart education strategies for teaching and  
learning: Critical analytical framework and case studies. UNESCO Institute for Information Technologies in Education. 
https://iite.unesco.org/wp-content/uploads/2022/09/Smart-education-strategies-publication.pdf

ILO. (2021). Digitalization of national TVET and skills systems: Harnessing technology to support LLL. International Labour 
Organisation. https://www.ilo.org/wcmsp5/groups/public/---ed_emp/---emp_ent/documents/publication/
wcms_826682.pdf

ILO, UNESCO, and World Bank. (2020). ILO-UNESCO-WBG joint survey on technical and vocational education and training 
(TVET) and skills development during the time of Covid-19. International Labour Organisation, UNESCO, and World 
Bank. https://www.ilo.org/wcmsp5/groups/public/---ed_emp/---emp_ent/documents/genericdocument/
wcms_742817.pdf

India Ministry of Education. (2020). National Education Policy (NEP) 2020. https://www.education.gov.in/nep/about-nep 
Intel Corporation. (2022). Intel® digital readiness programs. https://www.intel.com/content/www/us/en/corporate/

artificial-intelligence/digital-readiness-home.html
Jamshidifarsani, H., Garbaya, S., Lim, T., Blazevic, P. and Ritchie, J. M. (2019). Technology-based reading  

intervention programs for elementary grades: An analytical review. Computers & Education, 128, 427–451. 
https://doi.org/10.1016/j.compedu.2018.10.003

Jdaitawi, M. (2019). The effect of flipped classroom strategy on students’ learning outcomes. International Journal of 
Instruction, 12(3), 665-680. https://files.eric.ed.gov/fulltext/EJ1220207.pdf

Johnston, J. and Ksoll, C. (2022). Effectiveness of interactive satellite-transmitted instruction:  
Experimental evidence from Ghanaian primary schools. Economics of Education Review, 91, 102315.  
https://doi.org/10.1016/j.econedurev.2022.102315

Jordan, K. and Myers, C. (2022). EdTech and girls education in low- and middle-income countries: Which intervention types 
have the greatest impact on learning outcomes for girls? L@S ’22: Proceedings of the Ninth ACM Conference on 
Learning@Scale, 330–334. https://doi.org/10.1145/3491140.3528305

Kahoot! (2023). Key numbers. https://kahoot.com/company/#key-numbers
Kanders, K., Hickman, M. and Bazalgette, L. (2022, 13 June). Could toddler tech help to get more children school ready? 

Nesta. https://www.nesta.org.uk/project/mapping-parenting-technology/could-toddler-tech-help-to-get-mo
re-children-school-ready

Kärchner, H., Trautner, M., Willeke, S. and Schwinger, M. (2022). How handheld use is connected to learning-related factors 
and academic achievement: Meta-analysis and research synthesis. Computers & Education Open, 3, 100116. 
https://doi.org/10.1016/j.caeo.2022.100116

Kasneci, E., Sessler, K., Küchemann, S., Bannert, M., Dementieva, D., Fischer, F., Gasser, U., Groh, G., Günnemann, S., 
Hüllermeier, E., Krusche, S., Kutyniok, G., Michaeli, T., Nerdel, C., Pfeffer, J., Poquet, O., Sailer, M., Schmidt, A., 
Seidel, T., Stadler, M., Weller, J., Kuhn, J. and Kasneci, G. (2023). ChatGPT for good? On opportunities and 
challenges of large language models for education. Learning and Individual Differences, 103, 102274. https://doi.
org/10.1016/j.lindif.2023.102274

Kates, A. W., Wu, H. and Coryn, C. L. S. (2018). The effects of mobile phone use on academic performance: A meta-analysis. 
Computers & Education, 127, 107–112. https://doi.org/10.1016/j.compedu.2018.08.012

Kerssens, N. and van Dijck, J. (2021). The platformization of primary education in the Netherlands. Learning, Media and 
Technology, 46(3), 250–263. https://doi.org/10.1080/17439884.2021.1876725

453 ANNEX •  REFERENCES



Kim, S. Y. (2021). Case study 6, Korea: Flipped content courses in the Korean higher education context: Benefits  
and challenges. In L. Miller and J. G. Wu (Eds) Language learning with technology (pp. 133–143). Springer.  
https://doi.org/10.1007/978-981-16-2697-5_11

Koltovskaia, S. (2020). Student engagement with automated written corrective feedback (AWCF) provided by Grammarly: 
A multiple case study. Assessing Writing, 44, 100450. https://doi.org/10.1016/j.asw.2020.100450

Koval-Saifi, N. and Plass, J. (2018). Feed the monster: Impact and technical evaluation. World Vision and Foundation for 
Information Technology Education and Development. https://idl-bnc-idrc.dspacedirect.org/handle/10625/58106

Kuiper, E. and de Pater-Sneep, M. (2014). Student perceptions of drill-and-practice mathematics software in primary 
education. Mathematics Education Research Journal, 26(2), 215–236. https://doi.org/10.1007/s13394-013-0088-1

Kushairi, N. and Ahmi, A. (2021). Flipped classroom in the second decade of the millenia: A bibliometrics analysis 
with Lotka’s law. Education and Information Technologies, 26(4), 4401–4431. https://doi.org/10.1007/
s10639-021-10457-8

Lassault, J., Sprenger-Charolles, L., Albrand, J.-P., Alavoine, E., Richardson, U., Lyytinen, H. and Ziegler, J. C. (2022). Testing 
the effects of GraphoGame against a computer-assisted math intervention in primary school. Scientific Studies of 
Reading, 26(6), 449–468. https://doi.org/10.1080/10888438.2022.2052884

Lee, M.-K. (2018). Flipped classroom as an alternative future class model?: Implications of South Korea’s  
social experiment. Educational Technology Research and Development, 66(3), 837–857.  
https://doi.org/10.1007/s11423-018-9587-9

Lehrer, K., Mawoyo, M. and Mbaye, S. (2019). The impacts of interactive smartboards on learning achievement in  
Senegalese primary schools [3ie Grantee final report]. International Initiative for Impact Evaluation.  
https://www.3ieimpact.org/sites/default/files/2019-01/GFR-PW2.14-NEPAD-Senegal-e-school.pdf

Lewin, C., Smith, A., Morris, S. and Craig, E. (2019). Using digital technology to improve learning: Guidance report. Education 
Endowment Foundation. https://d2tic4wvo1iusb.cloudfront.net/production/eef-guidance-reports/digital/EEF_
Digital_Technology_Guidance_Report.pdf?v=1691497683

Li, H., Liu, Z., Yang, F. and Yu, L. (2023). The impact of computer-assisted instruction on student performance:  
Evidence from the dual-teacher program. (IZA Discussion Paper 15944). . Institute of Labor Economics.  
https://doi.org/10.2139/ssrn.4360827

Lichand, G. and Wolf, S. (2020). Arm-wrestling in the classroom: The non-monotonic effects of monitoring teachers. 
Working Paper 357. University of Zurich, Department of Economics.  
https://www.zora.uzh.ch/id/eprint/188754/7/econwp357.pdf 

Linden, L. L. (2008). Complement or substitute? The effect of technology on student achievement in India. InfoDev Working 
Paper, 17. World Bank. http://documents.worldbank.org/curated/en/804371468034237060/Complement-or-su
bstitute-The-effect-of-technology-on-student-achievement-in-India

Lo, C. K. and Hew, K. F. (2017). A critical review of flipped classroom challenges in K-12 education: Possible solutions  
and recommendations for future research. Research and Practice in Technology Enhanced Learning, 12(1), 4.  
https://doi.org/10.1186/s41039-016-0044-2

Ma, Y., Fairlie, R. W., Loyalka, P. K. and Rozelle, S. (2020). Isolating the ‘tech’ from EdTech: Experimental evidence  
on computer assisted learning in China. (IZA Discussion Paper 13080). Institute of Labor Economics.  
https://doi.org/10.2139/ssrn.3562870

Major, L. and Francis, G. (2020). Technology-supported personalised learning: Rapid evidence review. EdTech Hub. https://
edtechhub.org/wp-content/uploads/2020/09/Rapid-Evidence-Review_-Technology-supported-personalised-l
earning.pdf

Major, L., Francis, G. A. and Tsapali, M. (2021). The effectiveness of technology supported personalised learning in low and 
middle income countries: A meta analysis. British Journal of Educational Technology, 52, 1935–1964. https://doi.
org/10.1111/bjet.13116

Mathewson, T. G. and Butrymowicz, S. (2020). Ed tech companies promise results, but their claims are often based on shoddy 
research. https://hechingerreport.org/ed-tech-companies-promise-results-but-their-claims-are-often-b
ased-on-shoddy-research

Mayer, R. E. (2019). Computer games in education. Annual Review of Psychology, 70(1), 531–549. https://doi.org/10.1146/
annurev-psych-010418-102744

McTigue, E. M., Solheim, O. J., Zimmer, W. K. and Uppstad, P. H. (2020). Critically reviewing GraphoGame across the world: 
Recommendations and cautions for research and implementation of computer assisted instruction for word 
reading acquisition. Reading Research Quarterly, 55(1), 45–73. https://doi.org/10.1002/rrq.256

454ANNEX •  REFERENCES 2023 •  GLOBAL EDUCATION MONITORING REPORT



Mo, D., Bai, Y., Shi, Y., Abbey, C., Zhang, L., Rozelle, S. and Loyalka, P. (2020). Institutions, implementation, and program 
effectiveness: Evidence from a randomized evaluation of computer-assisted learning in rural China. Journal of 
Development Economics, 146, 102487. https://doi.org/10.1016/j.jdeveco.2020.102487

Mo, D., Huang, W., Shi, Y., Zhang, L., Boswell, M. and Rozelle, S. (2015). Computer technology in education: Evidence from a 
pooled study of computer assisted learning programs among rural students in China. China Economic Review, 36, 
131–145. https://doi.org/10.1016/j.chieco.2015.09.001

Morélot, S., Garrigou, A., Dedieu, J. and N’Kaoua, B. (2021). Virtual reality for fire safety training: Influence of  
immersion and sense of presence on conceptual and procedural acquisition. Computers & Education, 166,  
10415. https://doi.org/10.1016/j.compedu.2021.104145

Moss, G. and Jewitt, C. (2010). Policy, pedagogy and interactive whiteboards: What lessons can be learnt from early 
adoption in England. In M. Thomas and E. C. Schmid (Eds) Interactive whiteboards for education: Theory, research  
and practice (pp. 20–36). IGI Global. https://doi.org/10.4018/978-1-61520-715-2.ch002

Mullis, I. V. S., Martin, M. O., Foy, P., Kelly, D. L. and Fishbein, B. (2020). TIMSS 2019 International Results in Mathematics 
and Science. TIMSS & PIRLS International Study Center, Lynch School of Education and Human Development, 
Boston College, and International Association for the Evaluation of Educational Achievement. https://timss2019.
org/reports/wp-content/themes/timssandpirls/download-center/TIMSS-2019-International-Results-
in-Mathematics-and-Science.pdf 

Muralidharan, K., Singh, A. and Ganimian, A. J. (2019). Disrupting education? Experimental evidence on technology-aided 
instruction in India. American Economic Review, 109(4), 1426–1460. https://doi.org/10.1257/aer.20171112

Murphy, R., Roschelle, J., Feng, M. and Mason, C. A. (2020). Investigating efficacy, moderators and mediators for an online 
mathematics homework intervention. Journal of Research on Educational Effectiveness, 13(2), 235–270.  
https://doi.org/10.1080/19345747.2019.1710885

Myers, C., Wyss, N., Peralta, X. V. and Coflan, C. (2022). Mapping and analysing digital learning platforms in Latin America 
and the Caribbean. Helpdesk Response No. 47. EdTech Hub. https://docs.edtechhub.org/lib/VINQBTJ5/download/
HYA2ZPZ3/HDR%2047%20Digital%20Learning%20Platforms%20in%20LAC.pdf

Naik, G., Chitre, C., Bhalla, M. and Rajan, J. (2020). Impact of use of technology on student learning outcomes: 
Evidence from a large-scale experiment in India. World Development, 127, 104736. https://doi.org/10.1016/j.
worlddev.2019.104736

Nicolai, S., Rui, T. (Yang), Zubairi, A., Seluget, C. and Kamninga, T. (2023). EdTech and parental engagement (Background paper 
for Global Education Monitoring Report 2023).

Nikolopoulou, K. (2020). Secondary education teachers’ perceptions of mobile phone and tablet use in classrooms: 
Benefits, constraints and concerns. Journal of Computers in Education, 7, 257–275. https://doi.org/10.1007/
s40692-020-00156-7

Oakley, G., Pegrum, M., Kheang, T. and Seng, K. (2022). Mobile learning for early reading in Cambodia. Education and 
Information Technologies, 27, 1467–1487. https://doi.org/10.1007/s10639-021-10615-y

OECD. (2019). PISA 2021 ICT Framework. OECD Publishing. https://www.oecd.org/pisa/sitedocument/
PISA-2021-ICT-Framework.pdf

OECD. (2021). Teaching and learning in VET: Providing effective practical training in school-based settings. OECD Policy 
Responses to Coronavirus (COVID-19). OECD Publishing.https://www.oecd.org/coronavirus/policy-responses/teach
ing-and-learning-in-vet-providing-effective-practical-training-in-school-based-settings-64f5f843

Outhwaite, L., Ang, L., Herbert, E., Sumner, E. and Herwegen, J. V. (2022a). Technology and learning for early childhood and 
primary education (Background paper for Global Education Monitoring Report 2023). https://unesdoc.unesco.org/
ark:/48223/pf0000386108.locale=en

Outhwaite, L., Early, E., Herodotou, C. and Herwegen, J. V. (2022b). Can maths apps add value to young children’s 
learning? A systematic review and content analysis. Nuffield Foundation. https://www.nuffieldfoundation.org/
wp-content/uploads/2022/05/Can-Maths-Apps-Add-Value-to-Young-Childrens-Learning-A-Systema
tic-Review-and-Content-Analysis_Web_final_v2.pdf

Owsley, N. (2017). Getting the message: Using parental text messaging to increase learner attendance. University of Cape Town. 
Pane, J. F., Griffin, B. A., McCaffrey, D. F. and Karam, R. (2013). Effectiveness of Cognitive Tutor Algebra I at scale. 

Educational Evaluation and Policy Analysis, 36(2), 127–144. https://doi.org/10.3102/0162373713507480
Pata, K., Tammets, K., Väljataga, T., Kori, K., Laanpere, M. and Rõbtsenkov, R. (2022). The patterns of school  

improvement in digitally innovative schools. Technology, Knowledge and Learning, 27(3), 823–841.  
https://doi.org/10.1007/s10758-021-09514-5

455 ANNEX •  REFERENCES





Souter, D. (2021, 13 January). Inside the digital society: Lessons from little laptops. Parenting for a Digital Future Blog. 
https://blogs.lse.ac.uk/parenting4digitalfuture/2021/01/13/one-laptop-per-child

Stapleton, P. and Kin, B. L. K. (2019). Assessing the accuracy and teachers’ impressions of Google Translate:  
A study of primary L2 writers in Hong Kong. English for Specific Purposes, 56, 18–34.  
https://doi.org/10.1016/j.esp.2019.07.001

Stevenson, M. and Phakiti, A. (2019). Automated feedback and second language writing. In K. Hyland and  
F. Hyland (Eds) Feedback in second language writing: Contexts and issues (pp. 125–142). Cambridge University Press. 
https://doi.org/10.1017/9781108635547.009

Strelan, P., Osborn, A. and Palmer, E. (2020). The flipped classroom: A meta-analysis of effects on student  
performance across disciplines and education levels. Educational Research Review, 30, 100314.  
https://doi.org/10.1016/j.edurev.2020.100314

Student Achievement Partners. (2021). Preparation for success in algebra: Exploring math education relationships by analyzing 
large data sets (EMERALDS). https://achievethecore.org/content/upload/EMERALDS%20Full%20Report%20
June%202021.pdf

Sun, S., Else-Quest, N. M., Hodges, L. C., French, A. M. and Dowling, R. (2021). The effects of ALEKS on mathematics 
learning in K-12 and higher education: A meta-analysis. Investigations in Mathematics Learning, 13(3), 182–196. 
https://doi.org/10.1080/19477503.2021.1926194

Sung, Y.-T., Chang, K.-E. and Liu, T.-C. (2016). The effects of integrating mobile devices with teaching and learning on 
students’ learning performance: A meta-analysis and research synthesis. Computers & Education, 94, 252–275. 
https://doi.org/10.1016/j.compedu.2015.11.008

Tomasik, M. J., Helbling, L. A. and Moser, U. (2021). Educational gains of in-person vs. distance learning in primary and 
secondary schools: A natural experiment during the COVID-19 pandemic school closures in Switzerland. 
International Journal of Psychology, 56(4), 566–576. https://doi.org/10.1002/ijop.12728

Topping, K. J., Douglas, W., Robertson, D. and Ferguson, N. (2022). Effectiveness of online and blended learning from 
schools: A systematic review. Review of Education, 10(2), e3353. https://bera-journals.onlinelibrary.wiley.com/
doi/full/10.1002/rev3.3353

Trucano, M. (2012, 23 March). Evaluating One Laptop Per Child (OLPC) in Peru. World Bank Blogs.  
https://blogs.worldbank.org/edutech/olpc-peru2

Ullah, M., Amin, S. U., Munsif, M., Safaev, U., Khan, H., Khan, S. and Ullah, H. (2022). Serious games in science  
education. A systematic literature review. Virtual Reality & Intelligent Hardware, 4(3), 189–209.  
https://doi.org/10.1016/j.vrih.2022.02.001

UNESCO. (2022). K-12 AI curricula: A mapping of government-endorsed AI curricula. https://unesdoc.unesco.org/ark:/48223/
pf0000380602

UNESCO-UNEVOC. (2021a). MilleaLab: The all-in-one VR platform for education: Innovation and learning practice bridging 
innovation and learning in TVET (BILT) project. UNESCO-UNEVOC International Centre for Technical and Vocational 
Education and Training. https://unevoc.unesco.org/pub/xr_use_cases_in_tvet_shintavr_millealab.pdf

UNESCO-UNEVOC. (2021b). The digital TVET learning platform: Promising practice 2021. UNESCO-UNEVOC International 
Centre for Technical and Vocational Education and Training. https://unevoc.unesco.org/pub/promising_practice_
uthm.pdf

UNICEF. (2022). Trends in digital personalized learning in low- and middle-income countries: Executive summary.  
https://www.unicef.org/globalinsight/media/2756/file/UNICEF-Global-Insight-Digital-PL-LM
IC-executive-summary-2022.pdf

Vasalou, A., Benton, L., Ibrahim, S., Sumner, E., Joye, N. and Herbert, E. (2021). Do children with reading difficulties benefit 
from instructional game supports? Exploring children’s attention and understanding of feedback. British Journal of 
Educational Technology, 52(6), 2359–2373. https://doi.org/10.1111/bjet.13145

Vincent-Lancrin, S., Cobo, C. and Reimers, F. (Eds). (2022). How learning continued during the COVID‑19 pandemic: Global 
lessons from initiatives to support learners and teachers. OECD Publishing. https://doi.org/10.1787/bbeca162-en

Vincent-Lancrin, S., Urgel, J., Kar, S. and Jacotin, G. (2019). Measuring innovation in education 2019: What has changed in the 
classroom? OECD Publishing. https://doi.org/10.1787/9789264311671-en 

Vita, M. D., Verschaffel, L. and Elen, J. (2018). The power of interactive whiteboards for secondary mathematics 
teaching: Two case studies. Journal of Educational Technology Systems, 47(1), 50–78. https://doi.
org/10.1177/0047239518767112

Wang, A. I. and Tahir, R. (2020). The effect of using Kahoot! for learning: A literature review. Computers & Education, 149, 
103818. https://doi.org/10.1016/j.compedu.2020.103818

457 ANNEX •  REFERENCES



Wang, C. and Shen, J. (2023). Technology-enhanced collaborative learning in STEM. International Encyclopedia of Education 
(4th edition), 207–214. https://doi.org/10.1016/b978-0-12-818630-5.13005-2

Warschauer, M. and Ames, M. (2010). Can One Laptop per Child save the world’s poor? Journal of International Affairs, 64(1), 
33–51. https://www.jstor.org/stable/24385184

Yan, D. (2023). Impact of ChatGPT on learners in a L2 writing practicum: An exploratory investigation. Education and 
Information Technologies, 1–25. https://doi.org/10.1007/s10639-023-11742-4

York, B. and Loeb, S. (2018). One step at a time: The effects of an early literacy text messaging program for parents of 
preschoolers. (NBER Working Paper 20659). National Bureau of Economic Research. https://www.nber.org/
papers/w20659

Zhang, H., Shulgina, G., Fanguy, M. and Costley, J. (2022). Online peer editing: Effects of comments and edits on academic 
writing skills. Heliyon, 8(7), e09822. https://doi.org/10.1016/j.heliyon.2022.e09822

Zhang, L., Yang, S. and Carter, R. A. (2020). Personalized learning and ESSA: What we know and where we go. Journal of 
Research on Technology in Education, 52(3), 253–274. https://doi.org/10.1080/15391523.2020.1728448

Zhang, R. and Zou, D. (2021). Types, features, and effectiveness of technologies in collaborative writing for second 
language learning. Computer Assisted Language Learning, 35(9), 2391–2422. https://doi.org/10.1080/09588221.2
021.1880441

Zheng, L., Bhagat, K., Zhen, Y. and Zhang, X. (2020). The effectiveness of the flipped classroom on students’ learning 
achievement and learning motivation: A meta-analysis. Educational Technology & Society, 23(1), 1–15.  
https://eric.ed.gov/?id=EJ1255782

Zubairi, A., Khalayleh, A., Baloch, I., Mazari, H., Kaye, T. and Groeneveld, C. (2022). Pakistan digital learning landscape analysis. 
EdTech Hub. https://docs.edtechhub.org/lib/HEXCEXFK

CHAPTER 5 
ACARA. (2021). Australian curriculum: Version 9.0 endorsed. Australian Curriculum Assessment and Reporting Authority 

https://www.acara.edu.au/curriculum
Andree, A. (2015, 6 July). E-libraries bridge digital divide across Sri Lanka. The Borgen Project Blog.  

https://borgenproject.org/e-libraries-bridge-digital-divide-across-sri-lanka
Aotearoa Education Gazette. (2022). Pacific-led digital skills course boosts parents’ confidence to support children’s 

education. https://gazette.education.govt.nz/articles/pacific-led-digital-skills-course-boosts-parents-confid
ence-to-support-childrens-education-2

Arouri, Y. M. and Hamaidi, D. A. (2017). Undergraduate students’ perspectives of the extent of practicing netiquettes  
in a Jordanian southern university. International Journal of Emerging Technologies in Learning, 12(03), 84–97.  
https://doi.org/10.3991/ijet.v12i03.6424

Australia eSafety Commissioner. (2023). eSafetyeducation: For educators. https://www.esafety.gov.au/educators
Basilaia, E. and Danelia, N. (2022). Mapping and needs assessment of media literacy practices in Georgia. Council of Europe. 

https://rm.coe.int/-en/1680a5789e
Bhandari, B., Jain, C. and Sahu, A. K. (2021). Are secondary schools imparting digital skills? An empirical assessment. 

Margin: Journal of Applied Economic Research, 15(1), 73–100. https://doi.org/10.1177/0973801020976607
Brazil Ministry of Education. (2019). Base nacional comum curricular [Common national curriculum base].  

http://basenacionalcomum.mec.gov.br
Bridgeman, B., Lennon, M. L. and Jackenthal, A. (2003). Effects of screen size, screen resolution, and display  

rate on computer-based test performance. Applied Measurement in Education, 16(3), 191–205.  
https://doi.org/10.1207/s15324818ame1603_2

Bundsgaard, J. (2019). DIF as a pedagogical tool: Analysis of item characteristics in ICILS to understand what students  
are struggling with. Large-Scale Assessments in Education, 7, 9. https://doi.org/10.1186/s40536-019-0077-2

Burns, T. and Gottschalk, F. (2020). Education in the digital age: Healthy and happy children. OECD Publishing.  
https://doi.org/10.1787/1209166a-en

Byrne, J., Kardefelt-Winther, D., Livingstone, S. and Stoilova, M. (2016). Global Kids Online research synthesis,  
2015-2016. UNICEF Office of Research Innocenti and London School of Economics and Political Science.  
https://www.unicef-irc.org/publications/pdf/IRR_2016_01.pdf 

Cambodia Ministry of Industry, Science, Technology and Innovation. (2022). Cambodia’s EduTech roadmap.  
https://www.misti.gov.kh/public/file/202206301656579124.pdf

458ANNEX •  REFERENCES 2023 •  GLOBAL EDUCATION MONITORING REPORT



Fernández-Molina, J.-C., Martínez-Ávila, D., Guimarães, J. A. C. and Silva, E. G. (2022). Copyright literacy and LIS  
education: Analysis of its inclusion in the curricula of master’s degree programs. Heliyon, 8(1), E08707.  
https://doi.org/10.1016/j.heliyon.2021.e08707

Fraillon, J., Ainley, J., Schulz, W., Friedman, T. and Duckworth, D. (2019). Preparing for life in a digital world: IEA International 
Computer and Information Literacy Study 2018 international report. International Association for the Evaluation of 
Educational Achievement. https://www.iea.nl/sites/default/files/2019-11/ICILS%202019%20Digital%20final%20
04112019.pdf

Frau-Meigs, D. (2023). Media and information literacy (Background paper for Global Education Monitoring Report 2023). 
https://unesdoc.unesco.org/ark:/48223/pf0000386080.locale=en

Galimullina, N. M., Vagaeva, O. A., Liksina, E. V., Efremkina, I. N. and Saratovtseva, N. V. (2022). Digital etiquette in 
university students’ communicative practice. In D. B. Solovev, V. V. Savaley, A. T. Bekker and V. I. Petukhov (Eds) 
Proceedings of the International Science and Technology Conference FarEastCon 2021 (pp. 457–464). Springer.  
https://doi.org/10.1007/978-981-16-8829-4_42

Garro-Rojas, L. (2020). Alfabetización mediática en América Latina. Revisión de literatura: Temas y experiencias  
[Media literacy in Latin America. Literature review: Themes and experiences]. Revista Educación, 44(1).  
https://www.scielo.sa.cr/pdf/edu/v44n1/2215-2644-edu-44-01-00520.pdf

Geerts, N., Schirmer, W., Vercruyssen, A. and Glorieux, I. (2023). Bridging the ‘instruction gap’: How ICT instructors help 
older adults with the acquisition of digital skills? International Journal of Lifelong Education, 42(2), 195–207.  
https://doi.org/10.1080/02601370.2023.2174197

Gorges, J., Koch, T., Maehler, D. B. and Offerhaus, J. (2017). Same but different? Measurement invariance of the PIAAC 
motivation-to-learn scale across key socio-demographic groups. Large-Scale Assessments in Education, 5, 13. 
https://doi.org/10.1186/s40536-017-0047-5

Grant, L. (2010). Connecting digital literacy between home and school. Futurelab.  
https://www.nfer.ac.uk/media/1766/futl02.pdf

Helsper, E. J. and Eynon, R. (2013). Distinct skill pathways to digital engagement. European Journal of Communication, 28(6), 
696–713. https://doi.org/10.1177/0267323113499113

Hong Kong Education Bureau. (2020). Computational thinking – Coding education: Supplement to the primary curriculum. 
https://www.edb.gov.hk/attachment/en/curriculum-development/kla/technology-edu/curriculum-doc/CT_
Supplement_Eng%20_2020.pdf

Huiwen, N. (2018, 27 September). 4 in 5 Singaporeans confident in spotting fake news but 90 per cent wrong when put to 
the test: Survey. The Straits Times. https://www.straitstimes.com/singapore/4-in-5-singaporeans-confident-in-
spotting-fake-news-but-90-per-cent-wrong-when-put-to-the

Humphreys, S. (2021, 19 January). Computing at school. Royal Society Blog. https://royalsociety.org/blog/2021/01/
computing-at-school

ICDL. (2023). ICDL: The digital skills standard. International Computer Driving License. https://icdl.org/
IEEE. (2020). IEEE standard for digital intelligence (DQ)-Framework for digital literacy, skills, and readiness. Institute of Electrical 

and Electronics Engineers Standards Association. https://standards.ieee.org/ieee/3527.1/7589/
Ihme, J. M., Senkbeil, M., Goldhammer, F. and Gerick, J. (2017). Assessment of computer and information literacy in ICILS 

2013: Do different item types measure the same construct? European Educational Research Journal, 16(6), 
716–732. https://doi.org/10.1177/1474904117696095

ILO. (2018). National strategic framework for technical and vocational education and training (TVET) in Lebanon, 2018–2022. 
International Labour Organization. https://www.ilo.org/wcmsp5/groups/public/---arabstates/---ro-beirut/
documents/publication/wcms_633487.pdf

India Ministry of Education. (2020). National Education Policy (NEP) 2020. https://www.education.gov.in/sites/upload_files/
mhrd/files/NEP_Final_English_0.pdf

India Ministry of Electronics and Information Technology. (2022). Outreach of Pradhan Mantri Gramin Digital Saksharta 
Abhiyan (PMGDISHA). https://pib.gov.in/PressReleasePage.aspx?PRID=1843847

India Ministry of Electronics and Information Technology. (2023). Pradhan Mantri Gramin Digital Saksharta Abhiyan 
(PMGDISHA). https://www.pmgdisha.in

ITU. (2018). Measuring the information society report: Volume 1 2018. International Telecommunication Union.  
https://www.itu.int/en/ITU-D/Statistics/Documents/publications/misr2018/MISR-2018-Vol-1-E.pdf

ITU. (2022a). EGH subgroup on ICT skills. International Telecommunication Union.  
https://www.itu.int/itu-d/meetings/statistics/wp-content/uploads/sites/8/IPS/documents/8/16_EGH2022_
Vuorikari_Pitta_ICTskills_EGHsubgroupReport.pdf

460ANNEX •  REFERENCES 2023 •  GLOBAL EDUCATION MONITORING REPORT





Spain Ministry of Education and Professional Development. (2018). Programación, robótica y pensamiento computacional 
en el aula: Situación en España y propuesta normativa [Programming, robotics and computational thinking in the 
classroom: Situation in Spain and regulatory proposal]. https://code.intef.es/wp-content/uploads/2017/09/Fa
se-2-Informe-sobre-la-situaci%C3%B3n-en-Espa%C3%B1a-actualizado-y-propuesta-normativa-inf-y-prim.pdf

Spain Ministry of Education and Vocational Training. (2022). School of computational thinking and artificial intelligence 
21/22: From teacher training to a change in methodology: Research findings. https://code.intef.es/wp-content/
uploads/2023/04/09_22_Experimentacion_Investigacion-EPCIA-21-22_Investigacion-R3_ing.pdf

Suarez-Alvarez, J. (2021). Are 15-year-olds prepared to deal with fake news and misinformation? (PISA in Focus 113). OECD 
Publishing. https://doi.org/10.1787/6ad5395e-en

Sullivan, A. (2019). Breaking the STEM stereotype: Reaching girls in early childhood. https://rowman.com/
ISBN/9781475842043/Breaking-the-STEM-Stereotype-Reaching-Girls-in-Early-Childhood

Trucano, M. (2015, 8 December). Learning to code vs. coding to learn. World Bank EduTech Blog. https://blogs.worldbank.
org/edutech/learning-code-vs-coding-learn

Uganda National Curriculum Development Centre. (2019). Lower secondary curriculum: Information and communications 
technology syllabus. https://www.ncdc.go.ug/images/DOCS/resources/ICT_Syllabus.pdf

UIS. (2018). A global framework of reference on digital literacy skills for indicator 4.4.2. UNESCO Institute for Statistics.  
https://uis.unesco.org/sites/default/files/documents/ip51-global-framework-reference-digit
al-literacy-skills-2018-en.pdf

UNESCO. (2013). Global media and information literacy assessment framework: Country readiness and competencies.  
https://unesdoc.unesco.org/ark:/48223/pf0000224655

UNESCO. (2018). Digital skills critical for jobs and social inclusion. https://www.unesco.org/en/articles/digital-skills-critic
al-jobs-and-social-inclusion

UNESCO. (2019). Global Education Monitoring Report 2019: Migration, displacement and education: Building bridges, not walls. 
https://unesdoc.unesco.org/ark:/48223/pf0000265866

UNESCO. (2022). Media and information literate citizens: Think critically, click wisely!.  
https://unesdoc.unesco.org/ark:/48223/pf0000377068

UNESCO Bangkok. (2020). Media and information literacy education in Asia: Exploration of policies and practices in Japan, 
Thailand, Indonesia, Malaysia, and the Philippines. https://unesdoc.unesco.org/ark:/48223/pf0000374575

United Arab Emirates Ministry of Education. (2015). UAE K-12 computer science and technology standards. 
University of Edinburgh. (2023). Structured learning: Digital communication, collaboration and participation.  

https://www.digitalskills.ed.ac.uk/digital-communication-collaboration-and-participation
van Dijk, J. (2006). Digital divide research, achievements and shortcomings. Poetics, 34(4–5), 221–235.  

https://doi.org/10.1016/j.poetic.2006.05.004
van Dijk, J. (2020). The digital divide. Policy Press. https://www.wiley.com/en-fr/The+Digital+Divide-p-9781509534456
van Dijk, J. and Deursen, A. (2014). Solutions: Learning digital skills. In Digital skills. Palgrave Macmillan.  

https://doi.org/10.1057/9781137437037_6
Vegas, E. and Fowler, B. (2020). What do we know about the expansion of K-12 computer science education? A review of the 

evidence. The Brookings Institution. https://www.brookings.edu/articles/what-do-we-know-about-the-expansi
on-of-k-12-computer-science-education 

Vegas, E., Hansen, M. and Fowler, B. (2021). Building skills for life: How to expand and improve computer science education 
around the world. The Brookings Institution. https://www.brookings.edu/wp-content/uploads/2021/10/
Building_skills_for_life.pdf

Vuorikari, R., Jerzak, N., Karpinski, Z., Pokropek, Z. and Tudek, J. (2022a). Measuring digital skills across the EU: Digital 
skills indicator 2.0. Publications Office of the European Union. https://op.europa.eu/en/publication-detail/-/
publication/ca09482c-29a2-11ed-975d-01aa75ed71a1/language-en

Vuorikari, R., Kluzer, S. and Punie, Y. (2022b). DigComp 2.2: The Digital Competence Framework for Citizens:  
With new examples of knowledge, skills and attitudes. Publications Office of the European Union.  
https://publications.jrc.ec.europa.eu/repository/handle/JRC128415

Wales Government. (2023). Advice for schools on preparing for and responding to viral online harmful challenges and hoaxes. 
https://hwb.gov.wales/keeping-safe-online/welsh-government-guidance/advice-for-schools-on-preparing-for
-and-responding-to-viral-online-harmful-challenges-and-hoaxes

463 ANNEX •  REFERENCES









Bleeker, A. (2019). Using universal service funds to increase access to technology for persons with disabilities in the  
Caribbean. ECLAC Subregional Headquarters for the Caribbean. (Studies and Perspectives 79).  
https://repositorio.cepal.org/server/api/core/bitstreams/bb6039b0-276e-40e9-a944-a039e77772b7/content 

Bosio, E. (2021, 17 August). Reducing corruption in public procurement. World Bank Blogs.  
https://blogs.worldbank.org/developmenttalk/reducing-corruption-public-procurement

Brazil Presidency. (2021a). Lei 14.172 [Law 14.172]. www.planalto.gov.br/ccivil_03/_ato2019-2022/2021/lei/L14172.htm
Brazil Presidency. (2021b). Lei 14.180/21 [Law 14.180/21]. https://presrepublica.jusbrasil.com.br/legislacao/1240565310/

lei-14180-21
Broadband Commission. (2022). The State of Broadband 2022. International Telecommunication Union and UNESCO. 

https://www.broadbandcommission.org/download/6001 
Burkina Faso Ministry of Higher Education, Scientific Research and Innovation; Burkina Faso Ministry of National 

Education and Literacy; and Burkina Faso Ministry of Youth Training and Professional Integration. (2017).  
Plan sectoriel de l’éducation et de la formation 2017-2030 [Education and Training Sector Plan 2017-2030].  
https://planipolis.iiep.unesco.org/fr/node/7057

Burns, M. (2021). Technology in education (Think piece for Global Education Monitoring Report 2023: Technology in education:  
A tool on whose terms?) https://unesdoc.unesco.org/ark:/48223/pf0000378951

CAST. (2023). Designing for accessibility. National Center on Accessible Educational Materials.  
https://aem.cast.org/create/designing-accessibility-pour

CDAC. (2023). About us – BOSS Linux. https://bosslinux.in/aboutus
Chile Ministry of Education. (2022). Ministerio de Educación presenta política de reactivación educativa integral ‘Seamos 

Comunidad’. [Ministry of Education presents comprehensive educational reactivation policy ‘Let’s Be a 
Community’]. https://www.mineduc.cl/politica-de-reactivacion-educativa-integral-seamos-comunidad

Chuang, R., Burnett, N. and Robinson, E. (2021). Cost-effectiveness and EdTech: Considerations and case studies (Helpdesk 
Response 32). EdTech Hub. https://docs.edtechhub.org/lib/WEFTUGTJ/download/9FGRLFLA/Chuang,%20R.%20
et%20al.%20Cost-effectiveness%20brief(1).pdf

Clever. (2022, 17 March). New survey: Teachers who are involved in choosing EdTech tools report greater satisfaction with 
district offerings. https://www.prnewswire.com/news-releases/new-survey-teachers-who-are-involved-in-ch
oosing-edtech-tools-report-greater-satisfaction-with-district-offerings-301504878.html

Colombia Presidency. (2020). Decreto 555 [Decree 555]. https://www.funcionpublica.gov.co/eva/gestornormativo/norma.
php?i=185306 

Culbertson, S., Dimarogonas, J., Costello, K. and Lanna, S. (2019). Crossing the digital divide: Applying technology to the global 
refugee crisis. RAND Corporation. https://www.rand.org/pubs/research_reports/RR4322.html

Davis, M. R. (2019). K-12 districts wasting millions by not using purchased software, new analysis Finds. EdWeek Market Brief. 
https://marketbrief.edweek.org/marketplace-k-12/unused-educational-software-major-source-wasted-k-12-s
pending-new-analysis-finds

Decarolis, F. and Giorgiantonio, C. (2022). Corruption red flags in public procurement: New evidence from Italian calls for 
tenders. EPJ Data Science, 11(1), 16. https://doi.org/10.1140/epjds/s13688-022-00325-x

Deloitte and IPSOS Mori. (2019). 2nd survey of schools: ICT in education: Objective 2: Model for a ‘highly equipped and 
connected classroom’. European Commission. https://ec.europa.eu/information_society/newsroom/image/
document/2019-10/ictineducation_objective_2_report_final_4688F777-CDED-C240-613EE517B79338
5C_57736.pdf

EdTech Evidence Exchange. (2021). The EdTech Genome project report. https://edtechevidence.org/wp-content/uploads/20
21/07/1.-FINAL-EdTechGenomeProject-FinalReport_7-27-21.pdf

EdTech Evidence Exchange. (2023). The Genome project. https://edtechevidence.org/AboutUs/TheGenomeProject
EdTech Hub. (2022). The sandbox method. https://edtechhub.org/sandboxes/the-sandbox-method
Edtech Tulna. (2023). EdTech product evaluations. https://www.edtechtulna.org 
Education Technology Joint Powers Authority. (2023). EdTech JPA overview.  

https://edtechjpa.org/about/edtech-jpa-overview
e-Governance Academy Foundation. (2017, 20 July). Estonia, Sweden and the EU to help Ukraine implement a secure data 

exchange solution. https://ega.ee/news/estonia-sweden-eu-to-help-ukraine-implement-a-secure-data-exch
ange-solution

Eisenach, J. A. (2015). The economics of zero rating. NERA Economic Consulting.  
https://www.nera.com/content/dam/nera/publications/2015/EconomicsofZeroRating.pdf

473 ANNEX •  REFERENCES



Slavin, R. E. (2020). How evidence-based reform will transform research and practice in education. Educational 
Psychologist, 55(1), 21–31. https://doi.org/10.1080/00461520.2019.1611432

South Africa Republic. (2016). National integrated ICT policy white paper (Government Gazette).
South Australia Department of Education. (2021). Mobile phones and personal devices at school.  

https://www.education.sa.gov.au/parents-and-families/safety-and-wellbeing/bullying-and-cyberbullying/usi
ng-mobile-phones-and-personal-devices-school

Steeves, H. L. and Kwami, J. (2017). Interrogating gender divides in technology for education and development:  
The case of the One Laptop per Child project in Ghana. Studies in Comparative International Development, 52, 
174–192. https://doi.org/10.1007/s12116-017-9245-y

Stock, R. (2019). Strategies for parents facing “BYOD” school device spend-up. Stuff. https://www.stuff.co.nz/business/
money/109833314/strategies-for-parents-facing-byod-school-device-spendup

SEforAll. (2020). Chronic underinvestment in clean energy putting millions at risk as they continue to be left behind in energy 
transition. Sustainable Energy for All. https://www.seforall.org/news/chronic-underinvestment-in-clean-ener
gy-putting-millions-at-risk

Synopsis. (2023). Open source security and risk analysis report 2023. https://www.synopsys.com/content/dam/synopsys/
sig-assets/reports/rep-ossra-2023.pdf

Telecompaper. (2021). Quarter of Brazilians go one week without internet every month. https://www.telecompaper.com/
news/quarter-of-brazilians-go-one-week-without-internet-every-month--1406573

Thakur, D. and Potter, L. (2018). Universal service and access funds: An untapped resource to close the gender digital divide. 
Web Foundation https://webfoundation.org/docs/2018/03/Using-USAFs-to-Close-the-Gender-Digit
al-Divide-in-Africa.pdf 

Thankachan, B. and Moore, D. R. (2017). Challenges of implementing free and open source software (FOSS):  
Evidence from the Indian educational setting. International Review of Research in Open and Distributed Learning, 
18(6). https://files.eric.ed.gov/fulltext/EJ1155790.pdf

The Economic Times. (2022, 16 July). How to solve a problem called edtech? Decoding the fault in a blooming star. 
The Economic Times. https://economictimes.indiatimes.com/industry/services/education/how-to-solve-a-probl
em-called-edtech-decoding-the-fault-in-a-blooming-star/articleshow/92920752.cms

The Economist Intelligence Unit. (2021). Connecting learners: Narrowing the educational divide: The benefits from, and barriers 
to, improved school connectivity and access to digital learning. https://connectinglearners.economist.com/
connecting-learners

Then24.com. (2022, 7 September). The President delivered more than 1,000 netbooks of Connect Equality.  
https://then24.com/2022/09/07/the-president-delivered-more-than-1000-netbooks-of-connect-equality

Titl, V. and Geys, B. (2019). Political donations and the allocation of public procurement contracts. European Economic 
Review, 111, 443–458. https://doi.org/10.1016/j.euroecorev.2018.11.004

Titl, V., Witte, K. D. and Geys, B. (2021). Political donations, public procurement and government efficiency. World 
Development, 148, 105666. https://doi.org/10.1016/j.worlddev.2021.105666

Trucano, M. (2015, 26 February). Universal service funds and connecting schools to the internet around the 
world. World Bank Blogs. https://blogs.worldbank.org/edutech/universal-service-funds-connecti
ng-schools-internet-around-world

Uganda Ministry of Education and Sports. (2021a). Planning, budgeting and implementation guidelines for local governments 
for the education and sports sector: FY 2021-2022. https://www.education.go.ug/wp-content/uploads/2022/03/
FINAL-GUIDELINES-submitted.pdf

Uganda Ministry of Education and Sports. (2021b). Digital education standards and guidelines for the education and sports 
sector. https://www.education.go.ug/wp-content/uploads/2021/08/Standards-for-Digital-Learning-Draft1.pdf

UNESCO. (2022a). Guidelines for ICT in education policies and masterplans. https://unesdoc.unesco.org/ark:/48223/
pf0000380926/PDF/380926eng.pdf.multi

UNESCO. (2022b). Global Education Monitoring Report 2022: South Asia: Non-state actors in education: Who chooses? Who loses? 
https://unesdoc.unesco.org/ark:/48223/pf0000383550/PDF/383550eng.pdf.multi

UNESCO. (2022c). Toolbox 4.1: Make programme-based cost estimates, audit existing funds, indicate funding sources. ICT in 
education policy toolkit. https://en.unesco.org/icted/toolbox-4/make-programme-based-cost-estimates-audit-
existing-funds-indicate-funding-sources

UNICEF Office for Innovation. (2021). Giga: Connecting every school to the internet. https://www.unicef.org/innovation/giga
UNICEF and WHO. (2022). Global report on assistive technology. https://www.unicef.org/media/120836/file/%20Global%20

Report%20on%20Assistive%20Technology%20.pdf

478ANNEX •  REFERENCES 2023 •  GLOBAL EDUCATION MONITORING REPORT





Sybol, S. S., Srivastava, S. and Sharma, H. (2023). Soft computing approach for student dropouts in education  
system. In M. Thakur, S. Agnihotri, B. Singh Rajpurohit, M. Pant, K. Deep and A. K. Nagar (Eds)  
Soft computing for problem solving: Lecture Notes in Networks and Systems (Vol. 547). Springer.  
https://doi.org/10.1007/978-981-19-6525-8_25

T3 Innovation Network. (2023). T3 Network resource hub. https://www.t3networkhub.org
Tasmania Ministry of Education and Training. (2019, 27 November). Mobile phone ban in schools.  

https://www.premier.tas.gov.au/releases/removing_distractions_from_classrooms
Thathoo, C. (2022, 2 July). Govt tells edtech players to curb unfair trade practices, warns of stringent action. INC42. https://

inc42.com/buzz/government-tells-edtech-players-to-curb-unfair-trade-practices-warns-of-stringent-action
Torres, M. and Xalabarder, R. (2020). Interim report on practices and challenges in relation to online distance education 

and research activities. Standing Committee on Copyright and Related Rights, World Intellectual Property 
Organization. https://www.wipo.int/edocs/mdocs/copyright/en/sccr_38/sccr_38_9.pdf

Toulas, B. (2022, 23 July). Chrome use subject to restrictions in Dutch schools over data security concerns. Bleeping 
Computer. https://www.bleepingcomputer.com/news/security/chrome-use-subject-to-restrictions-in-dutch-sc
hools-over-data-security-concerns

Trott, M., Driscoll, R., Irlado, E. and Pardhan, S. (2022). Changes and correlates of screen time in adults and children during 
the COVID-19 pandemic: A systematic review and meta-analysis. EClinicalMedicine, 48, 101452. https://doi.
org/10.1016/j.eclinm.2022.101452

Twenge, J. M. and Campbell, W. K. (2018). Associations between screen time and lower psychological well-being among 
children and adolescents: Evidence from a population-based study. Preventive Medicine Reports, 12, 271–283. 
https://doi.org/10.1016/j.pmedr.2018.10.003

UC Today. (2022, 23 November). Office 365 and Google Workspace banned from French schools. UC Today. https://www.
uctoday.com/unified-communications/office-365-and-google-workspace-banned-from-french-schools

Uhls, Y. T., Michikyan, M., Morris, J., Garcia, D., Small, G. W., Zgourou, E. and Greenfield, P. M. (2014). Five days at outdoor 
education camp without screens improves preteen skills with nonverbal emotion cues. Computers in Human 
Behavior, 39, 387–392. https://doi.org/10.1016/j.chb.2014.05.036

UNESCO. (2021a). Recommendation on the ethics of artificial intelligence. https://unesdoc.unesco.org/ark:/48223/
pf0000381137/PDF/381137eng.pdf.multi

UNESCO. (2021b). AI and education guidance for policy-makers. https://unesdoc.unesco.org/ark:/48223/pf0000376709
UNESCO. (2022). Minding the data: Protecting learners’ privacy and security. https://unesdoc.unesco.org/ark:/48223/

pf0000381494/PDF/381494eng.pdf.multi
United Kingdom Information Commissioner’s Service. (2021). Introduction to the Children’s Code https://ico.org.uk/

for-organisations/guide-to-data-protection/ico-codes-of-practice/age-appropriate-design-code
United Nations Human Rights Council. (2021). Artificial intelligence and privacy, and children’s privacy: Report of the Special 

Rapporteur on the right to privacy. https://documents-dds-ny.un.org/doc/UNDOC/GEN/G21/015/65/PDF/
G2101565.pdf?OpenElement  

United Nations Human Rights Council. (2022). Impact of the digitalization of education on the right to education: Report of the 
Special Rapporteur on the right to education. https://digitallibrary.un.org/record/3973358/files/A_HRC_50_32-EN.
pdf?ln=en 

United States Department of Education. (2017). Reimagining the role of technology in education: 2017 National Education 
Technology Plan update. https://tech.ed.gov/files/2017/01/NETP17.pdf

United States Office of Educational Technology. (2016). National Educational Technology Plan. https://tech.ed.gov/netp
United States Presidency. (2023, 27 March). Executive order on prohibition on use by the United States government 

of commercial spyware that poses risks to national security. https://www.whitehouse.gov/briefing-room/
presidential-actions/2023/03/27/executive-order-on-prohibition-on-use-by-the-united-states-government-o
f-commercial-spyware-that-poses-risks-to-national-security

Varshney, R. (2018). ASCI calls out Byju’s, Voot and Mobikwik for misleading ads. Medianama. https://www.medianama.co
m/2018/04/223-asci-calls-out-byjus-voot-app-and-mobikwik-for-misleading-ads

Verizon. (2022). Data breach investigation report 2008-2022. https://www.verizon.com/business/resources/Tf9b/reports/
dbir/2022-data-breach-investigations-report-dbir.pdf

Viner, R., Davie, M. and Firth, A. (2019). The health impacts of screen time: A guide for clinicians and parents. Royal College 
of Pediatrics and Child Health. https://www.rcpch.ac.uk/sites/default/files/2018-12/rcpch_screen_time_
guide_-_final.pdf

485 ANNEX •  REFERENCES



Coates Ulrichsen, T. (2021). Innovating during a crisis: The effects of the COVID-19 pandemic on how universities contribute to 
innovation. National Centere for Universities and Business and University Commercialisation and Innovation. 
https://www.ncub.co.uk/insight/ucis-and-ncubs-innovating-during-a-crisis-the-effects-of-the-covid-19-pan
demic-on-how-universities-contribute-to-innovation

Cross-Border Education Research Team. (2022). C-BERT international campus listing. https://cbert.org
Dasgupta, N. and Stout, J. G. (2014). Girls and women in science, technology, engineering, and mathematics: STEMing 

the tide and broadening participation in STEM careers. Policy Insights from the Behavioral and Brain Sciences, 1(1), 
21–29. https://journals.sagepub.com/doi/full/10.1177/2372732214549471 

de Vries, M. J. (2018). Technology education: An international history. In M. J. de Vries (Ed) Handbook of 
technology education (pp. 73–84). Springer International Publishing. https://link.springer.com/
referencework/10.1007/978-3-319-44687-5 

Department for Education. (2013). National curriculum in England: Design and technology programmes of study. https://www.
gov.uk/government/publications/national-curriculum-in-england-design-and-technology-programmes-of-stu
dy/national-curriculum-in-england-design-and-technology-programmes-of-study

DeWitt, J., Osborne, J., Archer, L., Dillon, J., Willis, B. and Wong, B. (2013). Young childrens’ aspirations in science: The 
unequivocal, the uncertain and the unthinkable. International Journal of Science Education, 35(6), 1037–1063. 
https://www.tandfonline.com/doi/abs/10.1080/09500693.2011.608197 

Duodu, E., Noble, J., Yusuf, Y., Garay, C. and Bean, C. (2017). Understanding the delivery of a Canadian-based after-school 
STEM program: A case study. International Journal of STEM Education, 4, 20. https://stemeducationjournal.
springeropen.com/articles/10.1186/s40594-017-0083-2 

Early Childhood STEM Working Group. (2017). Early STEM matters: Providing high-quality STEM experiences for all young 
learners. Uchicago STEM Education and Erikson Institute. http://d3lwefg3pyezlb.cloudfront.net/docs/Early_
STEM_Matters_FINAL.pdf

East-Asia Association for Science Education. (2021, 30 November). 10 Years Little’s Scientist House Thailand project: 
STEM education for early childhood. https://newsletter.theease.org/cms/index.php/2021/11/30/10-years-littl
es-scientist-house-thailand-project-stem-education-for-early-childhood

Ekiz-Kiran, B. and Aydin-Gunbatar, S. (2021). Analysis of engineering elements of K–12 science standards in seven 
countries engaged in STEM education reform. Science and Education, 30(4), 849–882. https://link.springer.com/
article/10.1007/s11191-021-00227-w 

Etzkowitz, H. and Leydesdorff, L. (1995). The triple helix: University-industry-government relations: A laboratory for 
knowledge based economic development. EASST Review, 14(1), 14–19. https://papers.ssrn.com/sol3/papers.
cfm?abstract_id=2480085 

Etzkowitz, H. and Zhou, C. (2018). Innovation incommensurability and the science park. R&D Management, 48(1), 73–87. 
https://onlinelibrary.wiley.com/doi/abs/10.1111/radm.12266 

European Union. (2018). Teaching careers in Europe: Access, progression and support. European Union. https://op.europa.eu/
en/publication-detail/-/publication/435e941e-1c3b-11e8-ac73-01aa75ed71a1/language-en

Fan, X., Yang, X. and Yu, Z. (2021). Effect of basic research and applied research on the universities’ innovation capabilities: 
The moderating role of private research funding. Scientometrics, 126(7), 5387–5411. https://link.springer.com/
article/10.1007/s11192-021-03998-9

FAO, and ITU. (2022). Status of digital agriculture in 47 sub-Saharan African countries. Food and Agriculture Organization of 
the United Nations and International Telecommunication Union. https://www.fao.org/3/cb7943en/cb7943en.pdf

Ferguson, D., Pinerua, I. and Gerdeman, D. (2022). Improving prekindergarten and elementary science teaching: A 
synthesis of recent DRK-12 program investment in this field. American Institutes for Research. https://www.
air.org/sites/default/files/2022-08/Improving-Prek-and-Elementary-Science-Teaching--DRK-12-STEM-Au
gust-2022.pdf   

Fraillon, J., Ainley, J., Schulz, W., Friedman, T. and Duckworth, D. (2019). Preparing for life in a digital world: IEA International 
Computer and Information Literacy Study 2018 international report. International Association for the Evaluation of 
Educational Achievement. https://www.iea.nl/sites/default/files/2019-11/ICILS%202019%20Digital%20final%20
04112019.pdf

493 ANNEX •  REFERENCES



Resei, C., Friedl, C., Staubitz, T. and Rohloff, T. (2019). Result 1.1c: Micro-credentials in EU and global. Corship.  
https://openhpi-public.s3.openhpicloud.de/pages/research/27kLG703NBaxDgjuaNjOWe/Corship-R1.1c_
micro-credentials.pdf

Richard, E. W., Timothy, J. N., Zui, C., Alyssa, E. and Kyle, C. (2020). Acknowledging all learning: Alternative, micro, and open 
credentials. In M. J. Bishop, E. Boling, J. Elen and V. Svihla (Eds) Handbook of research in educational communications 
and technology (pp. 593–613). Springer. https://doi.org/10.1007/978-3-030-36119-8_27

Selvaratnam, R. and Sankey, M. (2021). An integrative literature review of the implementation of micro-credentials 
in higher education: Implications for practice in Australasia. Journal of Teaching and Learning for Graduate 
Employability, 12(1), 1–17. https://doi.org/10.21153/jtlge2021vol12no1art942 

Toquero, C. M. (2020). Challenges and opportunities for higher education amid the COVID-19 pandemic:  
The Philippine context. Pedagogical Research, 5(4). https://doi.org/10.29333/pr/7947

van der Hijden, P. and Martin, M. (2023). Short courses, micro-credentials, and flexible learning pathways: A blueprint for policy 
development and action. UNESCO International Institute for Educational Planning. https://www.iiep.unesco.org/
en/publication/short-courses-micro-credentials-and-flexible-learning-pathways-blueprint-policy

Varadarajan, S., Koh, J. H. L. and Daniel, B. K. (2023). A systematic review of the opportunities and challenges of 
micro-credentials for multiple stakeholders: Learners, employers, higher education institutions and government. 
International Journal of Educational Technology in Higher Education, 20 (13), 1–24. https://doi.org/10.1186/
s41239-023-00381-x

CHAPTER 15
Acemoglu, D. and Autor, D. (2011). Skills, tasks and technologies: Implications for employment and earnings.  

In D. Card and O. Ashenfelter (Eds) Handbook of labor economics (Vol. 4, Part B, pp. 1043–1171). Elsevier.  
https://doi.org/10.1016/s0169-7218(11)02410-5

Acemoglu, D., Autor, D., Hazell, J. and Restrepo, P. (2020). AI and jobs: Evidence from online vacancies. (NBER Working Paper 
28257). National Bureau of Economic Research. https://www.nber.org/papers/w28257

Agrawal, A., Gans, J. S. and Goldfarb, A. (2019). Artificial intelligence: The ambiguous labor market impact of automating 
prediction. Journal of Economic Perspectives, 33(2), 31–50. https://doi.org/10.1257/jep.33.2.31

Alekseeva, L., Azar, J., Giné, M., Samila, S. and Taska, B. (2021). The demand for AI skills in the labor market.  
Labour Economics, 71, 102002. https://doi.org/10.1016/j.labeco.2021.102002

Amaral, N., Eng, N., Ospino, C., Pagés, C., Rucci, G. and Williams, N. (2018). How far can your skills take you?  
Understanding skill demand changes due to occupational shifts and the transferability of workers across occupations. 
(IDB Technical Note 01501). Inter-American Development Bank. http://dx.doi.org/10.18235/0001291

Arntz, M., Gregory, T. and Zierahn, U. (2016). The risk of automation for jobs in OECD countries: A comparative analysis.  
(OECD Social, Employment and Migration Working Paper 189). OECD Publishing.  
https://doi.org/10.1787/5jlz9h56dvq7-en 

Bação, P., Lopes, V. G. and Simões, M. (2022). AI, demand and the impact of productivity-enhancing technology on jobs: 
Evidence from Portugal. Eastern European Economics, 61(4), 1–25. https://doi.org/10.1080/00128775.2022.2064
307

Bessen, J. (2018). AI and jobs: The role of demand. (NBER Working Paper 24235). National Bureau of Economic Research. 
https://www.nber.org/papers/w24235

Burbekova, S. (2021). Soft skills as the most in-demand skills of future IT specialists [Conference presentation].  
IEEE International Conference on Smart Information Systems and Technologies, Nur-Sultan, Kazakhstan.  
https://doi.org/10.1109/sist50301.2021.9465935

Cedefop. (2016). Skill shortage and surplus occupations in Europe – Cedefop insights into which occupations are in high demand – 
and why. Publications Office of the European Union. https://doi.org/10.2801/05116

EU STEM Coalition. (2023, 7 August). Techniekpact (Technology Pact). https://www.stemcoalition.eu/programmes/
techniekpact-technology-pact

Figueiredo, H., Biscaia, R., Rocha, V. and Teixeira, P. (2017). Should we start worrying? Mass higher education, skill demand 
and the increasingly complex landscape of young graduates’ employment. Studies in Higher Education, 42(8), 
1401–1420. https://doi.org/10.1080/03075079.2015.1101754

Gaynor, M. (2020). Automation and AI sound similar, but may have vastly different impacts on the future of work.  
The Brookings Institution. https://www.brookings.edu/articles/automation-and-artificial-intelligence-sound-si
milar-but-may-have-vastly-different-impacts-on-the-future-of-work

508ANNEX •  REFERENCES 2023 •  GLOBAL EDUCATION MONITORING REPORT



Hasbrouck, J. and Tindal, G. (2017). An update to compiled ORF norms. Behavioural Research and Teaching. (Technical report 
1702). https://files.eric.ed.gov/fulltext/ED594994.pdf

He, Y., Baek, S. and Legge, G. E. (2018). Korean reading speed: Effects of print size and retinal eccentricity. Vision Research, 
150, 8–14. https://doi.org/10.1016/j.visres.2018.06.013

Johann, V., Könen, T. and Karbach, J. (2020). The unique contribution of working memory, inhibition, cognitive flexibility, 
and intelligence to reading comprehension and reading speed. Child Neuropsychology, 26(3), 324–344.  
https://doi.org/10.1080/09297049.2019.1649381

Jung, M.-H. and Choi, E. J. (2021). Comparison of reading speeds under preferred color and white LED lightings.  
Journal of Korean Ophthalmic Optics Society, 26(2), 91–98. https://doi.org/10.14479/jkoos.2021.26.2.91

Ling, Y. and Liu, D. (2021). Effects of Chinese and English word segmentation on reading speed. Proceedings of  
the 2nd International Conference on Language, Communication and Culture Studies, 588, 32–40. https://doi.
org/10.2991/assehr.k.211025.006

Liu, R., Patel, B. N. and Kwon, M. (2017). Age-related changes in crowding and reading speed. Scientific Reports,  
7 ,8271. https://doi.org/10.1038/s41598-017-08652-0

Midhwah, A. A. and Alhawary, M. T. (2020). Arabic diacritics and their role in facilitating reading speed, accuracy, 
and comprehension by English L2 learners of Arabic. The Modern Language Journal, 104(2), 418–438.  
https://doi.org/10.1111/modl.12642

Moys, J.-L., Loveland, P. and Dyson, M. C. (2018). eInk versus paper: Exploring the effects of medium and typographic 
quality on recall and reading speed. Visible Language, 52(3), 74–95.

Piper, B., Schroeder, L. and Trudell, B. (2016). Oral reading fluency and comprehension in Kenya: Reading acquisition in a 
multilingual environment. Journal of Research in Reading, 39(2), 133–152.  
https://doi.org/10.1111/1467-9817.12052

Piper, B. and Zuilkowski, S. S. (2015). Assessing reading fluency in Kenya: Oral or silent assessment?  
International Review of Education, 61(2), 153–171. https://doi.org/10.1007/s11159-015-9470-4

Rayner, K., Schotter, E. R., Masson, M. E. J., Potter, M. C. and Treiman, R. (2016). So much to read, so little time. P 
sychological Science in the Public Interest, 17(1), 4–34. https://doi.org/10.1177/1529100615623267

Sackstein, S., Spark, L. and Jenkins, A. (2015). Are e-books effective tools for learning? Reading speed and comprehension: 
iPad®i vs. paper. South African Journal of Education, 35(4), 1–14. https://doi.org/10.15700/saje.v35n4a1202

Seidenberg, M. (2018). Language at the speed of sight: How we read, why so many can’t, and what can be done about it. Basic 
Books. https://www.hachettebookgroup.com/titles/mark-seidenberg/language-at-the-speed-of-sight/978046
5080656/?lens=basic-books

Soysal, T. (2022a). A mixed method study on improving reading speed and reading comprehension levels of gifted 
students. International Journal of Education and Literacy Studies, 10(1), 147–155. https://eric.ed.gov/?id=EJ1329093

Soysal, T. (2022b). The relationship of reading attitude with reading speed and reading comprehension. Educational Policy 
Analysis and Strategic Research, 17(3), 182–198. https://doi.org/10.29329/epasr.2022.461.9

Spichtig, A. N., Hiebert, E. H., Vorstius, C., Pascoe, J. P., Pearson, P. D. and Radach, R. (2016). The decline of 
comprehension-based silent reading efficiency in the United States: A comparison of current data with 
performance in 1960. Reading Research Quarterly, 51(2), 239–259. https://doi.org/10.1002/rrq.137

Tajuddin, E. S. and Mohamad, F. S. (2019). Paper versus screen: Impact on reading comprehension and speed.  
Indonesian Journal of Education Methods Development, 5. https://doi.org/10.21070/ijemd.v3i2.20

Trauzettel-Klosinski, S., Dietz, K. and IreST Study Group (2012). Standardized assessment of reading performance:  
The new International Reading Speed Texts IReST. Investigative Opthalmology & Visual Science, 53(9), 5452. 
https://doi.org/10.1167/iovs.11-8284

Tsvetkova, M. (2017). The speed reading is in disrepute: Advantages of slow reading for the information equilibrium. 
European Journal of Contemporary Education, 6(3), 593–603. http://dx.doi.org/10.2139/ssrn.3044911

UIL. (2020). Trends in adult learning and education in the Arab States: Findings from the 4th Global report on adult learning and 
education. UNESCO Institute for Lifelong Learning. https://unesdoc.unesco.org/ark:/48223/pf0000374211

Wallace, S., Bylinskii, Z., Dobres, J., Kerr, B., Berlow, S., Treitman, R., Kumawat, N., Arpin, K., Miller, D. B., Huang, J. 
and Sawyer, B. D. (2022). Towards individuated reading experiences: Different fonts increase reading speed for 
different individuals. ACM Transactions on Computer-Human Interaction, 29(4), 1–56.  
https://doi.org/10.1145/3502222

Wang, Q., Ren, X., Hu, J., Li, Q., Cui, S. and Zou, Y. (2018). Preliminary study on reading speed test with IReST  
for normally-sighted young Chinese readers. Chinese Journal of Ophthalmology, 54(2), 120–124.  
https://doi.org/10.3760/cma.j.issn.0412-4081.2018.02.010

512ANNEX •  REFERENCES 2023 •  GLOBAL EDUCATION MONITORING REPORT


	Contents



