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Introduction



ccess to education has expanded around the world since the late 1990s

through the combined efforts of governments, bilateral and multilateral

agencies, donors, civil society, and the private sector, yet education quality
has not kept pace. Even before the COVID-19 pandemic led to school closures
around the world, all young people were not developing the broad suite of skills they
need to thrive in work, life, and citizenship (Filmer, Langthaler, Stehrer, & Vogel, 2018).

The impact of the pandemic on education investment, student learning, and longer-
term economic outcomes threatens not only to dial back progress to date in
addressing this learning crisis in skills development but also to further widen
learning gaps within and between countries. Beyond the immediate and disparate
impacts of COVID-19 on students’ access to quality learning, the global economic
crisis it has precipitated will shrink government budgets, potentially resulting in
lower education investment and impacting the ability to provide quality education
(Vegas, 2020). There is also a concern that as governments struggle to reopen
schools and/or provide sufficient distance-learning opportunities, many education
systems will focus on foundational skills, such as literacy and numeracy,
neglecting a broader set of skills needed to thrive in a rapidly changing,
technologically-advanced world.

Among these broader skills, knowledge of computer science (CS) is increasingly
relevant. CS is defined as “the study of computers and algorithmic processes,
including their principles, their hardware and software designs, their
[implementation], and their impact on society” (Tucker, 2003)." CS skills enable
individuals to understand how technology works, and how best to harness its
potential to improve lives. The goal of CS education is to develop computational
thinking skills, which refer to the “thought processes involved in expressing
solutions as computational steps or algorithms that can be carried out by a
computer” (K-12 Computer Science Framework Steering Committee, 2016). CS
education is also distinct from computer or digital literacy, in that it is more

Denning et al. (1989) defined the discipline of computing as “the systematic study of algorithmic processes
that describe and transform information: their theory, analysis, design, efficiency, implementation, and
application.”
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concerned with computer design than with computer use. For example, coding is a
skill one would learn in a CS course, while creating a document or slideshow
presentation using an existing program is a skill one would learn in a computer or
digital literacy course.

Research has shown that students benefit from CS education by increasing college
enrollment rates and developing problem-solving abilities (Brown & Brown, 2020;
Salehi et al.,, 2020). Research has also shown that lessons in computational
thinking improve student response inhibition, planning, and coding skills (Arfé et
al., 2020). Importantly, CS skills pay off in the labor market through higher
likelihood of employment and better wages (Hanson & Slaughter, 2016; Nager &
Atkinson, 2016). As these skills take preeminence in the rapidly changing 21st
century, CS education promises to significantly enhance student preparedness for
the future of work and active citizenship.

The benefits of CS education extend beyond economic motivations. Given the
increasing integration of technology into many aspects of daily life in the 21st
century, a functional knowledge of how computers work—beyond the simple use of
applications—will help all students.

In this report, we first discuss in section one the evidence that argues for the
expansion of CS education in primary and secondary schools across the world.
Section two analyzes global efforts to expand CS education and four key
challenges to its expansion: (1) providing educators and students with adequate
access to devices and connectivity; (2) ensuring qualified teachers through teacher
preparation and professional development; (3) fostering student engagement and
interest in CS education; and (4) developing and using evidence on curriculum and
core competencies, effective instructional methods, and assessment of CS skills.
Section three synthesizes the lessons learned from regional and national
governments at various levels of economic development and progress in
expanding CS education and in multiple regions of the world. In Section four, we
distill the lessons learned into recommendations for other governments looking to
implement or expand CS education.



1. Why expand CS education?



By this point, many countries have begun making progress toward offering CS
education more universally for their students. The specific reasons for offering it
will be as varied as the countries themselves, though economic arguments often
top the list of motivations. Other considerations beyond economics, however, are
also relevant, and we account for the most common of these varied motives here.

The economic argument

At the macroeconomic level, previous research has suggested that countries with
more workers with ICT (information, communications, and technology) skills will
have higher economic growth through increases in productivity (Maryska, Doucek,
& Kunstova, 2012; Jorgenson & Vu, 2016). Recent global data indicate that there is
a positive relationship between the share of a country’s workforce with ICT skills
and its economic growth. For example, using data from the Organisation for
Economic Cooperation and Development (OECD), we find that countries with a
higher share of graduates from an ICT field tend to have higher rates of per capita
GDP (Figure 1). The strength of the estimated relationship here is noteworthy: A
one percentage point increase in the share of ICT graduates correlates with nearly
a quarter percentage point increase in recent economic growth, though we cannot
determine the causal nature of this relationship (if any). Nonetheless, this figure
supports the common view that economic growth follows from greater levels of
investment in technological education.
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Figure 1. Countries with more graduates from ICT fields tend to have

more economic growth
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At the microeconomic level, CS skills pay off for individuals—both for those who
later choose to specialize in CS and those who do not. Focusing first on the
majority of students who pursue careers outside of CS, foundational training in CS
is still beneficial. Technology is becoming more heavily integrated across many
industrial endeavors and academic disciplines—not just those typically included
under the umbrella of science, technology, engineering, and mathematics (STEM)
occupations. Careers from law to manufacturing to retail to health sciences all use
computing and data more intensively now than in decades past (Lemieux, 2014).
For example, using data from Germany, researchers showed that higher education
programs in CS compared favorably against many other fields of study, producing
a relatively high return on investment for lower risk (Glocker and Storck, 2014).
Notably, completing advanced training in CS is not necessary to attain these
benefits; rather, even short introductions to foundational skills in CS can increase
young students’ executive functions (Arfe et al., 2020). Further, those with CS
training develop better problem-solving abilities compared to those with more
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general training in math and sciences, suggesting that CS education offers unique
skills not readily developed in other more common subjects (Salehi et al., 2020).

For those who choose to pursue advanced CS studies, specializing in CS pays off
both in employment opportunities and earnings. For example, data from the U.S.
show workers with CS skills are less likely to be unemployed than workers in other
occupations (Figure 2). Moreover, the average earnings for workers with CS skills
are higher than for workers in other occupations (Figure 3). These results are
consistent across multiple studies using U.S. data (Carnevale et al., 2013; Altonji et
al., 2012) and international data (Belfield et al., 2019; Hastings et al., 2013; Kirkeboen
et al., 2016). Further, the U.S. Bureau of Labor Statistics has projected that the
market for CS professionals will continue to grow at twice the speed of the rest of
the labor market between 2014 and 2024 (National Academies of Sciences, 2018).

Figure 2. U.S. workers in computer and math occupations have lower unemployment |
rates than the rest of the workforce |
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Source: Bureau of Labor Statistics, Current Population Survey (Unemployed persons by occupation and sex).
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Figure 3. U.S. workers with computer science skills have higher average earnings than

workers in other occupations
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Note: Weekly U.S. earnings data from 2019 were converted to annual data assuming 52 weeks in a year.
Source: Bureau of Labor Statistics, Current Population Survey (Median weekly earnings of full-time wage and salary workers
by detailed occupation).

A common, though inaccurate, perception about the CS field is that anybody with
a passion for technology can succeed without formal training. There is a nugget
of truth in this view, as many leaders of major technology companies including Bill
Gates, Elon Musk, Mark Zuckerberg, and many others have famously risen to the
top of the field despite not having bachelor’s degrees in CS. Yet, it is a fallacy to
assume that these outliers are representative of most who are successful in the
field. This misconception could lead observers to conclude that investments in
universal CS education are, at best, ineffective: providing skills to people who
would learn them on their own regardless, and spending resources on developing
skills in people who will not use them. However, such conclusions are not
supported by empirical evidence. Rather, across STEM disciplines, including CS,
higher levels of training and educational attainment lead to stronger employment
outcomes, on average, than those with lesser levels of training in the same fields
(Altoniji et al., 2016; Altonji and Zhong, 2021).
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The inequality argument

Technology—and particularly unequal access to its benefits—has been a key
driver of social and economic inequality within countries. That is, those with elite
social status or higher wealth have historically gotten access to technology first for
their private advantages, which tends to reinforce preexisting social and economic
inequalities. Conversely, providing universal access to CS education and computing
technologies can enable those with lower access to technological resources the
opportunity to catch up and, consequently, mitigate these inequalities. Empirical
studies have shown how technological skills or occupations, in particular, have
reduced inequalities between groups or accelerated the assimilation of immigrants
(Hanson and Slaughter, 2017; DeVol, 2016).

Technology and CS education are likewise frequently considered critical in
narrowing income gaps between developed and developing countries. This
argument can be particularly compelling for low-income countries, as global
development gaps will only be expected to widen if low-income countries’
investments in these domains falter while high-income countries continue to move
ahead. Rather, strategic and intensive technological investment is frequently seen as
a key strategy for less-developed countries to leapfrog stages of economic
development to quickly catch up to more advanced countries (Fong, 2009; Lee, 2019).

CS skills enable adaptation in a quickly changing world, and adaptability is
critical to progress in society and the economy. Perhaps there is no better
illustration of the ability to thrive and adapt than from the COVID-19 pandemic. The
pandemic has forced closures of many public spaces across the globe, though
those closures’ impacts have been disproportionately felt across workers and
sectors. Workers with the skills and abilities to move their job functions online have
generally endured the pandemic more comfortably than those without those skills.
And even more importantly, the organizations and private companies that had the
human capacity to identify how technology could be utilized and applied to their
operations could adapt in the face of the pandemic, while those without the
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resources to pivot their operations have frequently been forced to close in the
wake of pandemic-induced restrictions. Thus, the pandemic bestowed comparative
benefits on those with access to technology, the skills to use it, and the vision to
recognize and implement novel applications quickly, while often punishing those
with the least access and resources (OECD, 2021).

Failing to invest in technology and CS education may result in constrained global
competitiveness, leaving governments less able to support its citizens. We
recognize that efforts to expand CS education will demand time and money of
public officials and school leaders, often in the face of other worthy competing
demands. Though the contemporary costs may even seem prohibitive in some
cases, the costs of inaction (while less immediately visible) are also real and
meaningful in most contexts.

Beyond economics

We expect the benefits of CS education to extend beyond economic motivations,
as well. Many household activities that were previously performed in real life are
now often performed digitally, ranging from banking, shopping, travel planning, and
socializing. A functional knowledge of how computers work—beyond the simple
use of applications—should benefit all students as they mature into adults given
the increasing integration of technology into many aspects of daily life in the 21st
century. For example, whether a person wants to find a job or a romantic partner,
these activities frequently occur through the use of technology, and understanding
how matching algorithms work make for more sophisticated technology users in
the future. Familiarity with CS basic principles can provide users more flexibility in
the face of constant innovation and make them less vulnerable to digital security
threats or predators (Livingstone et al., 2011). Many school systems now provide
lessons in online safety for children, and those lessons will presumably be more
effective if children have a foundational understanding of how the internet works.



2. Global advances in
expanding CS education



o better understand what is needed to expand CS education, we first took

stock of the extent to which countries around the world have integrated CS

education into primary and secondary schools, and how this varied by
region and income level. We also reviewed the existing literature on integrating CS
into K-12 education to gain a deeper understanding of the key barriers and
challenges to expanding CS education globally. Then, we selected jurisdictions at
various stages of progress in implementing CS education programs in from
multiple regions of the world and income levels, and drafted in-depth case studies
on the origins, key milestones, barriers, and challenges of CS expansion.

Progress in expanding CS education across
the globe

As shown in Figure 4, the extent to which CS education is offered in primary and
secondary schools varies across the globe. Countries with mandatory CS
education are geographically clustered in Eastern Europe and East Asia. Most
states and provinces in the U.S. and Canada offer CS on a school-to-school basis
or as an elective course. Multiple countries in Western Europe offer CS education
as a cross-curricular topic integrated into other subjects. Latin America and Central
and Southeast Asia have the most countries that have announced CS education
programs or pilot projects. Countries in Africa and the Middle East have integrated
the least amount of CS education into school curricula. Nevertheless, the number
of countries piloting programs or adopting CS curricula indicate a global trend of
more education systems integrating the subject into their curriculum.
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Figure 4. Computer science education varies across the globe
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Note: Data come from 2021, and the authors used the World Bank income-level classification system.
Source: Authors’ review of each education system'’s official curricula and related documents.

As expected, students living in higher-income countries generally have better
access to CS education. As Figure 5 shows, 43 percent of high-income countries
require students to learn CS education in primary and/or secondary schools.
Additionally, high-income countries also offer CS as an elective course to the
largest share of the population. A further 35 percent of high-income countries offer
CS on a school-to-school basis while not making it mandatory for all schools.
Interestingly, upper-middle income countries host the largest share of students (62
percent) who are required to learn CS at any point in primary or secondary schools.
Presumably, many upper-middle income countries likely have national economic
development strategies focused on expanding tech-related jobs, and thus see the
need to expand the labor force with CS skills. By contrast, only 5 percent of lower-
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middle income countries require CS during primary or secondary school, while 58
percent may offer CS education on a school-to-school basis.

Figure 5. Computer science education is most widely available in high-income countries
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Key barriers and challenges to expand CS
education globally

To expand quality CS education, education systems must overcome enormous
challenges. Many countries do not have enough teachers who are qualified to
teach CS, and even though there is growing interest among students to pursue CS,
relatively few students pursue more advanced training like CS testing certifications
(Department for Education, 2019) or CS undergraduate majors compared to other
STEM fields like engineering or biology (Hendrickson, 2019). This is especially true
for girls and underrepresented minorities, who generally have fewer opportunities
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to develop an interest in CS and STEM more broadly (Code.org & CSTA, 2018). Our
review of the literature identified four key challenges to expanding CS education.:

1. Providing access to ICT infrastructure to students and educators

Student access to ICT infrastructure, including both personal access to
computing devices and an internet connection, is critical to a robust CS
education. Without this infrastructure, students cannot easily integrate CS skills
into their daily lives, and they will have few opportunities to experiment with new
approaches on their own.

However, some initiatives have succeeded by introducing elements of CS
education in settings without adequate ICT infrastructure. For example, many
educators use alternative learning strategies like CS Unplugged to teach CS and
computational thinking when computers are unavailable (Bell & Vahrenhold, 2018).
One study shows that analog lessons can help primary school students develop
computational thinking skills (Harris, 2018). Other research has shown that
introducing key programming concepts in unplugged ways helps students
understand these concepts better in subsequent coding contexts (Grover, Jackiw
and Lundh, 2019). Even without laptops or desktop computers, it is still possible
for teachers to use digital tools for computational thinking. In South Africa,
Professor Jean Greyling of Nelson Mandela University Computing Sciences co-
created Tanks, a game that uses puzzle pieces and a mobile application to teach
coding to children (Ellis, 2021). This is an especially useful concept, as many
households and schools in South Africa and other developing countries have
smartphones and access to analog materials but do not have access to personal
computers or broadband connectivity (McCrocklin, 2021).

Taking a full CS curriculum to scale, however, requires investing in adequate
access to ICT infrastructure for educators and students (Lockwood & Cornell,
2013). Indeed, as discussed in Section 3, our analysis of our case study analysis
indicates that ICT infrastructure in schools provides a critical foundation to
expand CS education.
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2. Ensuring qualified teachers through teacher preparation and
professional development

Many education systems encounter shortages of qualified CS teachers,
contributing to a major bottleneck in CS expansion. A well-prepared and
knowledgeable teacher is the most important component for instruction in
commonly taught subjects (Chetty et al. 2014 a,b; Rivkin et al., 2005). We suspect
this is no different for CS, though major deficiencies in the necessary CS skills
among the teacher workforce are evident. For example, in a survey of preservice
elementary school teachers in the United States, only 10 percent responded that
they understood the concept of computational thinking (Campbell & Heller, 2019).
As recently as six years ago, 75 percent of teachers in the U.S. incorrectly
considered “creating documents or presentations on the computer” as a topic one
would learn in a CS course (Google & Gallup, 2015), demonstrating a poor
understanding of the distinction between CS and computer literacy. Other case
studies, surveys, and interviews have found that teachers in India, Saudi Arabia, the
U.K., and Turkey self-report low confidence in their understanding of CS (Ramen et
al., 2015; Alfayez & Lambert, 2019; Royal Society, 2017; Giilbahar & Kalelioglu,
2017). Indeed, developing the necessary skills and confidence levels for teachers to
offer effective CS instruction remains challenging.

To address these challenges, school systems have introduced continuous
professional development (PD), postgraduate certification programs, and CS
credentials issued by teacher education degree programs. PD programs are
common approaches, as they utilize the existing teacher workforce to fill the needs
for special skills, rather than recruiting specialized teachers from outside the
school system. For example, the British Computing Society created 10 regional
university-based hubs to lead training activities, including lectures and meetings, to
facilitate collaboration as part of the network of excellence (Dickens, 2016; Heintz
et al., 2016; Royal Society, 2017). Most hubs involve multi-day seminars and
workshops meant to familiarize teachers with CS concepts and provide ongoing
support to help teachers as they encounter new challenges in the classroom. Cutts
et al. (2017) further recommend teacher-led PD groups so that CS teachers can
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form collaborative professional networks. Various teacher surveys have found
these PD programs in CS helpful (Alkaria & Alhassan, 2017; Goode et al., 2014).
Still, more evidence is needed on the effectiveness of PD programs in CS
education.

Less commonly, some education systems have worked with teacher training
institutions to introduce certification schemes so teachers can signal their unique
qualifications in CS to employers. This signal can make teacher recruitment more
transparent and incentivize more teachers to pursue training. This approach does
require, though, an investment in developing CS education faculty at the teacher
training institution, which may be a critical bottleneck in many places (Delyser et al.,
2018). Advocates of the approach have recommended that school systems initiate
certification schemes quickly and with a low bar at first, followed by improvement
over time (Code.org, 2017; Lang et al., 2013; Sentance & Csizmadia, 2017). Short-
term recommendations include giving temporary licenses to teachers who meet
minimum content and knowledge requirements. Long-term recommendations, on
the other hand, encourage preservice teachers to take CS courses as part of their
teaching degree programs or in-service teachers to take CS courses as part of their
graduate studies to augment their skillset. Upon completing these courses,
teachers would earn a full CS endorsement or certificate.

3. Fostering student engagement and interest in CS education

Surveys from various countries suggest that despite a clear economic incentive,
relatively few K-12 students express interest in pursuing advanced CS education.
For example, three out of four U.S. students in a recent survey declared no interest
in pursuing a career in computer science. And the differences by gender are
notable: nearly three times as many male students (33 percent) compared to
female students (12 percent) expressed interest in pursuing a computer science
career in the future (Google & Gallup, 2020).

Generally, parents view CS education favorably but also hold distinct
misconceptions. For instance, more than 80 percent of U.S. parents surveyed in a



Global advances in expanding CS education 21

Google and Gallup (2016) study reported that they think CS is as important as any
other discipline. Nevertheless, the same parents indicated biases around who
should take CS courses: 57 percent of parents think that one needs to be “very
smart” to learn CS (Google & Gallup, 2015). Researchers have equated this kind of
thinking to the idea that some people could be inherently gifted or inept at CS, a
belief that could discourage some students from developing an interest or talent in
CS (McCartney, 2017). Contrary to this belief, Patitsas et al. (2019) found that only
5.8 percent of university-level exam distributions were multimodal, indicating that
most classes did not have a measurable divide between those who were inherently
gifted and those who were not. This signals that CS is no more specialized to
specific groups of students than any other subject.

Fostering student engagement, however, does not equate to developing a
generation of programmers. Employment projections suggest the future demand
for workers with CS skills will likely outpace supply in the absence of promoting
students’ interest in the field. Yet, no countries expand access to CS education
with the expectation of turning all students into computer programmers. Forcing
students into career paths that are unnatural fits for their interests and skill levels
result in worse outcomes for students at the decision margins (Kirkeboen et al.,
2016). Rather, current engagement efforts both expose students to foundational
skills that help navigate technology in 21st century life and provide opportunities
for students to explore technical fields.

A lack of diversity in CS education not only excludes some people from
accessing high-paying jobs, but it also reduces the number of students who
would enter and succeed in the field (Du & Wimmer, 2019). Girls and racial
minorities have been historically underrepresented in CS education (Sax et al.,
2016). Research indicates that the diversity gap is not due to innate talent
differences among demographic groups (Sullivan & Bers, 2012; Cussé-Calabuig et
al., 2017), but rather a disparity of access to CS content (Google & Gallup 2016;
Code.org & CSTA, 2018; Du & Wimmer, 2019), widely held cultural perceptions, and
poor representation of women and underrepresented minorities (URMs) among
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industry leaders and in media depictions (Google & Gallup, 2015; Ayebi-Arthur,
2011; Downes & Looker, 2011).

To help meet the demand for CS professionals, government and philanthropic
organizations have implemented programs that familiarize students with CS. By
increasing student interest among K-12 students who may eventually pursue CS
professions, these strategies have the potential to address the well documented
lack of diversity in the tech industry (Harrison, 2019; loannou, 2018).

For example, some have used short, one-time lessons in coding to reduce student
anxiety around CS. Of these lessons, perhaps the best known is Hour of Code,
designed by Code.org. In multiple surveys, students indicated more confidence after
exposure to this program (Phillips & Brooks, 2017; Lang et al., 2016; Doukaki et al.,
2013). It is not clear, however, whether these programs make students more likely to
consider semester-long CS courses (Phillips & Brooks, 2017; Lang et al., 2016).

Other initiatives create more time-intensive programs for students. The U.S. state
of Georgia, for example, implemented a program involving after-school, weekend,
and summer workshops over a six-year period. Georgia saw an increase in
participation in the Advanced Placement (AP) CS exam during the duration of the
program, especially among girls and URMs (Guzdial et al., 2014). Other states have
offered similar programs, setting up summer camps and weekend workshops in
universities to help high school students become familiar with CS (Best College
Reviews, 2021). These initiatives, whether one-off introductions to CS or time-
intensive programs, typically share the explicit goal of encouraging participation in
CS education among all students, and especially girls and URMs.

Yet, while studies indicate that Hour of Code and summer camps might improve
student enthusiasm for CS, they do not provide the kind of rigorous impact
assessment one would need to make a definitive conclusion of their effectiveness.
They do not use a valid control group, meaning that there is no like-for-like
comparison to students who are similar except for no exposure to the program. It
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is not clear that the increase in girls and URMs taking CS would not have happened
if it were not for Georgia's after-school clubs.

4. Generating and using evidence on curriculum and core
competencies, instructional methods, and assessment

There is no one-size-fits-all CS curriculum for all education systems, schools, or
classrooms. Regional contexts, school infrastructure, prior access, and exposure
to CS need to be considered when developing CS curricula and competencies
(Ackovska et al., 2015). Some CS skills, such as programming language, require
access to computer infrastructure that may be absent in some contexts
(Lockwood & Cornell, 2013). Rather than prescribing a curriculum, the U.S. K-12
Computer Science Framework Steering Committee (2016) recommends
foundational CS concepts and competencies for education systems to consider.
This framework encourages curriculum developers and educators to create
learning experiences that extend beyond the framework to encompass student
interests and abilities.

There is increasing consensus around what core CS competencies students
should master when they complete primary and secondary education. Core
competencies that students may learn by the end of primary school include:

abstraction—creating a model to solve a problem;

2. generalization—remixing and reusing resources that were previously
created;

3. decomposition—breaking a complex task into simpler subtasks;

4. algorithmic thinking—defining a series of steps for a solution, putting
instructions in the correct sequence, and formulating mathematical and
logical expressions;

5. programming—understanding how to code a solution using the available
features and syntax of a programming language or environment; and

6. debugging—recognizing when instructions do not correspond to actions
and then removing or fixing errors (Angeli, 2016).
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Competencies that secondary school students may learn in CS courses include:

1. logical and abstract thinking;
representations of data, including various kinds of data structures;
problem-solving by designing and programming algorithms using digital
devices;

4. performing calculations and executing programs;

collaboration; and,

6. ethics such as privacy and data security (Syslo & Kwiatkowska, 2015).

o

Several studies have described various methods for teaching CS core
competencies. Integrated development environments are recommended especially
for teaching coding skills (Florez et al., 2017; Saez-Lopez et al., 2016).? These
environments include block-based programming languages that encourage novice
programmers to engage with programming, in part by alleviating the burden of
syntax on learners (Weintrop & Wilensky, 2017; Repenning, 1993). Others
recommend a variety of teaching methods that blend computerized lessons with
offline activities (Taub et al. 2009; Curzon et al.,, 2009, Ackovska et al., 2015). This
approach is meant to teach core concepts of computational thinking while keeping
students engaged in physical, as well as digital, environments (Nishida et al.,
2009). CS Unplugged, for example, provides kinesthetic lesson plans that include
games and puzzles that teach core CS concepts like decomposition and
algorithmic thinking.

Various studies have also attempted to measure traditional lecture-based
instruction for CS (Alhassan 2017; Cicek & Taspinar, 2016).> These studies,
however, rely on small sample sizes wherein the experiment and control group
each comprised of individual classes. More rigorous research is required to
understand the effectiveness of teaching strategies for CS.

Integrated development environments include programs like Scratch (Resnick et al., 2009), Code.org (Kelelioglu,
2015), and CHERP3 Creative Hybrid Environment for Robotics Programming (Bers et al., 2014).

The authors of these studies conclude that self-teaching methods and laboratory control methods may be
effective for teaching programming skills.
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No consensus has emerged on the best ways to assess student competency in
core CS concepts, (So et al., 2019; Djambong & Freiman, 2016). Though various
approaches to assessment are widely available—including classical cognitive tests,
standardized tests in digital environments, and CS Unplugged activity tests—too
many countries have yet to introduce regular assessments that may evaluate
various curricula or instructional methods in CS. While several assessments have
been developed for CS and CT at various grade levels as part of various research
studies, there have been challenges to broader use. This is due to either a lack of
large-scale studies using these assessments or diversity in programming
environments used to teach programming and CS or simply a lack of interest in
using objective tests of learning (as opposed to student projects and portfolios).

Fortunately, a growing number of organizations are developing standardized tests
in CS and computational thinking. For example, the International Computer and
Information Literacy Study included examinations in computational thinking in
2018 that had two 25-minute modules, where students were asked to develop a
sequence of tasks in a program that related to a unified theme (Fraillon et al.,
2020). The OECD’s PISA will also include questions in 2021 to assess
computational thinking across countries (Schleicher & Partovi, 2019). The AP CS
exam has also yielded useful comparisons that have indirectly evaluated CS
teacher PD programs (Brown & Brown, 2019).

In summary, the current evidence base provides little consensus on the specific
means of scaling a high-quality CS education and leaves wide latitude for
experimentation. Consequently, in this report we do not offer prescriptions on how
to expand CS education, even while arguing that expanding access to it generally is
beneficial for students and the societies that invest in it. Given the current (uneven)
distribution of ICT infrastructure and CS education resources, high-quality CS
education may be at odds with expanded access. While we focus on ensuring
universal access first, it is important to recognize that as CS education scales both
locally and globally, the issues of curricula, pedagogies, instructor quality, and
evaluation naturally become more pressing.



3. Lessons from education
systems that have
introduced CS education



ased on the available literature discussed in the previous section, we

selected education systems that have implemented CS education programs

and reviewed their progress through in-depth case studies. Intentionally, we
selected jurisdictions at various levels of economic development, at different levels
of progress in expanding CS education, and from different regions of the world.
They include Arkansas (U.S.), British Columbia (Canada), Chile, England, Italy, New
Brunswick (Canada), Poland, South Africa, South Korea, Thailand, and Uruguay. For
each case, we reviewed the historical origins for introducing CS education and the
institutional arrangements involved in CS education’s expansion. We also analyzed
how the jurisdictions addressed the common challenges of ensuring CS teacher
preparation and qualification, fostering student demand for CS education
(especially among girls and URMs), and how they developed curriculum, identified
core competencies, promoted effective instruction, and assessed students’ CS
skills. In this section, we draw lessons from these case studies, which can be
found in separate case studies online.

Figure 6 presents a graphical representation summarizing the trajectories of our
selected case studies as they expanded CS education. Together, the elements in
the figure provide a rough approximation of how CS education has expanded in
recent years in each case. For example, when South Korea started its efforts to
focus on universal CS education in 2015, basic ICT infrastructure and broadband
connectivity were already available in all schools and two CS expansion policies
had been previously implemented. Its movement since 2015 is represented purely
in the vertical policy action space, as it moved up four intervals on the index.
Uruguay, conversely, started its CS expansion at a lower level both in terms of ICT
infrastructure (x-axis) and existing CS policies (y-axis). Since starting CS expansion
efforts in 2007, though, it has built a robust ICT infrastructure in its school system
and implemented 4 of 7 possible policy actions.

In addition to finding the case studies on the report landing page, they are located here:
https://www.brookings.edu/product/computer-science-education/.



https://www.brookings.edu/product/computer-science-education/
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Figure 6 suggests that first securing access to ICT infrastructure and broadband
connectivity allows systems to dramatically improve access to and the quality of
CS education. Examples include England, British Columbia, South Korea, and
Arkansas. At the same time, Figure 6 suggests that systems that face the dual
challenge of expanding ICT infrastructure and broadband connectivity and scaling
the delivery of quality CS education, such as Chile, South Africa, Thailand, and
Uruguay, may require more time and/or substantial investment to expand quality
CS education to match the former cases. Even though Chile, Thailand, and
especially Uruguay have made impressive progress since their CS education
expansion efforts began, they continue to lag a few steps behind those countries
that started with established ICT infrastructure in place.
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Figure 6. ICT infrastructure improves access to computer science education but more |
capacity is needed to ensure quality
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Notes: The horizontal axis indicates the level of ICT infrastructure present in each education system. The vertical axis indicates
the degree to which the education system has implemented the (noninfrastructure) capacity to expand CS education. The
measure here is based on a 7-point index that is an additive sum of common policy actions taken to expand access and improve
the quality of a system'’s CS education program. These policy actions include: (1) introduction of ICT education programs; (2)
requirement for CS in primary education; (3) requirement for CS in secondary education; (4) introduction of in-service CS teacher
education programs; (5) introduction of preservice teacher education programs; (6) availability of a specialized center or
institution focused on CS education research and training; and (7) access to regular funding allocated to CS education by the
legislative branch of government. The lines represent trajectories in these two dimensions for each country—each line records
both a starting point (the bottom / left point) and a point representing the present (the top / right point). Each line in Figure 6 also
notates a year, which corresponds to each education system'’s start date for implementing CS education in earnest.
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Our analysis of these case studies surfaced six key lessons (Figure 7) for
governments wishing to take CS education to scale in primary and secondary
schools, which we discuss in further detail below.

Figure 7. Six key lessons to scale CS education
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1. Expanding tech-based jobs is a powerful lever for expanding CS
education

In several of the case studies, economic development strategies were the
underlying motivation to introduce or expand CS education. For example,
Thailand’s 2017 20-year Strategic Plan marked the beginning of CS education in
that country. The 72-page document, approved by the Thai Cabinet and Parliament,
explained how Thailand could become a more “stable, prosperous, and sustainable”
country and proposed to reform the education curriculum to prepare students for
future labor demands (20-year National Strategy comes into effect, 2018). Similarly,
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Arkansas’s Governor Hutchinson made CS education a key part of his first
campaign in 2014 (CS for All, n.d.), stating that “Through encouraging computer
science and technology as a meaningful career path, we will produce more
graduates prepared for the information-based economy that represents a wide-
open job market for our young people” (Arkansas Department of Education, 2019).

Uruguay’s Plan Ceibal, named after the country’s national flowering tree, was
likewise introduced in 2007 as a presidential initiative to incorporate technology in
education and help close a gaping digital divide in the country. The initiative’s main
objectives were to promote digital inclusion, graduate employability, a national
digita culture, higher-order thinking skills, gender equity, and student motivation
(Jara, Hepp, & Rodriguez, 2018)

Last, in 2018, the European Commission issued the Digital Education Action Plan
that enumerated key digital skills for European citizens and students, including CS
and computational thinking (European Commission, 2018). The plan encouraged
young Europeans to understand the algorithms that underpin the technologies they
use on a regular basis. In response to the plan, Italy’s 2018 National Indications
and New Scenarios report included a discussion on the importance of
computational thinking and the potential role of educational gaming and robotics
in enhancing learning outcomes (Giacalone, 2019). Then, in 2019, the Italian
Ministry of Education and the Parliament approved a legislative motion to include
CS and computational thinking in primary school curricula by 2022
(Orizzontescuola, 2019).

In some cases, the impetus to expand CS education came more directly from
demands from key stakeholders, including industry and parents. For example,
British Columbia’s CS education program traces back to calls from a growing
technology industry (Doucette, 2016). In 2016, the province’s technology sector
employed 86,000 people—more than the mining, forestry, and oil and gas sectors
combined, with high growth projections (Silcoff, 2016). The same year, leaders of
the province's technology companies revealed in interviews that access to talent
had become their biggest concern (KPMG, 2016). According to a 2016 B.C.
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Technology Association report, the province needed 12,500 more graduates in CS
from tertiary institutions between 2015 and 2021 to fill unmet demand in the labor
market (Orton, 2018). The economic justification for improving CS education in the
province was clear.

Growing parental demand helped create the impetus for changes to the CS
curriculum in Poland. According to Kozlowski (2016), Polish parents perceive CS
professions as some of the most desirable options for their children. And given the
lack of options for CS education in schools, parents often seek out extracurricular
workshops for their children to encourage them to develop their CS skills (Panskyi,
Rowinska, & Biedron, 2019). The lack of in-school CS options for students created
the push for curricular reforms to expand CS in primary and secondary schools. As
former Minister of Education Anna Zalewska declared, Polish students “cannot
afford to waste time on [the] slow, arduous task of building digital skills outside
school [and] only school education can offer systematic teaching of digital skills”
(Szymaniski, 2016).

2. ICT in schools provides the foundation to expand CS education

Previous efforts to expand access to devices, connectivity, or basic computer
literacy in schools provided a starting point in several jurisdictions to expand CS
education. For example, the Uruguayan government built its CS education program
after implementing expansive one-to-one computing projects, which made CS
education affordable and accessible. In England, an ICT course was implemented
in schools in the mid-1990s. These dedicated hours during the school day for ICT
facilitated the expansion of CS education in the country.

The Chilean Enlaces program, developed in 1992 as a network of 24 universities,
technology companies, and other organizations (Jara, Hepp, & Rodriguez, 2018;
Sanchez & Salinas, 2008) sought to equip schools with digital tools and train
teachers in their use (Severin, 2016). It provided internet connectivity and digital
devices that enabled ICT education to take place in virtually all of Chile’s 10,000
public and subsidized private schools by 2008 (Santiago, Fiszbein, Jaramillo, &
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Radinger, 2017; Severin et al., 2016). Though Enlaces yielded few observable effects
on classroom learning or ICT competencies (Sanchez & Salinas, 2008), the program
provided the infrastructure needed to begin CS education initiatives years later.

While a history of ICT expansion can serve as a base for CS education,
institutional flexibility to transform traditional ICT projects into CS education is
crucial. The Chilean Enlaces program’s broader institutional reach resulted in a
larger bureaucracy, slower implementation of new programs, and greater
dependence on high-level political agendas (Severin, 2016). As a result, the
program’s inflexibility prevented it from taking on new projects, placing the onus on
the Ministry of Education to take the lead in initiating CS education. In Uruguay,
Plan Ceibal'’s initial top-down organizational structure enabled relatively fast
implementation of the One Laptop per Child program, but closer coordination with
educators and education authorities may have helped to better integrate education
technology into teaching and learning. More recently, Plan Ceibal has involved
teachers and school leaders more closely when introducing CS activities. In
England, the transition from ICT courses to a computing curriculum that prioritized
CS concepts, instead of computer literacy topics that the ICT teachers typically
emphasized before the change, encountered some resistance. Many former ICT
teachers were not prepared to implement the new program of study as intended,
which leads us to the next key lesson.

3. Developing qualified teachers for CS education should be a top
priority

The case studies highlight the critical need to invest in training adequate
numbers of teachers to bring CS education to scale. For example, England took a
modest approach to teacher training during the first five years of expanding its CS
education K-12 program and discovered that its strategy fell short of its original
ambitions. In 2013, the English Department for Education (DfE) funded the BCS to
establish and run the Network of Excellence to create learning hubs and train a
pool of “master” CS teachers. While over 500 master teachers were trained, the
numbers were insufficient to expand CS education at scale. Then, in 2018 the DfE
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substantially increased its funding to establish the National Center for Computing
Education (NCCE) and added 23 new computing hubs throughout England. Hubs
offer support to primary and secondary computing teachers in their designated
areas, including teaching, resources, and PD (Snowdon, 2019). In just over two
years, England has come a long way toward fulfilling its goals of training teachers
at scale with over 29,500 teachers engaged in some type of training (Teach
Computing, 2020).

Several education systems partnered with higher education institutions to integrate
CS education in both preservice and in-service teacher education programs. For
example, two main institutions in British Columbia, Canada—the University of
British Columbia and the University of Northern British Columbia—now offer CS
courses in their pre-service teacher education programs. Similarly, in Poland, the
Ministry of National Education sponsored teacher training courses in university CS
departments. In Arkansas, state universities offer CS certification as part of
preservice teacher training while partnering with the Arkansas Department of
Education to host in-service professional development.

Still other systems partnered with nonprofit organizations to deliver teacher
education programs. For instance, New Brunswick, Canada, partnered with the
nonprofit organization Brilliant Labs to implement teacher PD programs in CS
(Brilliant Labs, n.d.). In Chile, the Ministry of Education partnered with several
nongovernmental organizations, including Code.org and Fundacién Telefdénica, to
expand teacher training in CS education. Microsoft Philanthropies launched the
Technology Education and Literacy in Schools (TEALS) in the United States and
Canada to connect high school teachers to technology industry volunteers. The
volunteer experts support instructors to learn CS independently over time and
develop sustainable high school CS programs (Microsoft, n.d.).

To encourage teachers to participate in these training programs, several systems
introduced teacher certification pathways in CS education. For example, in British
Columbia, teachers need at least 24 credits of postsecondary coursework in CS

education to be qualified to work in public schools. The Arkansas Department of
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Education incentivizes in-service teachers to attain certification through teaching
CS courses and participating in approved PD programs (Code.org, CSTA, ECEP,
2019). In South Korea, where the teaching profession is highly selective and enjoys
high social status, teachers receive comprehensive training on high-skill
computational thinking elements, such as computer architecture, operating
systems, programming, algorithms, networking, and multimedia. Only after
receiving the “informatics—computer” teacher’s license may a teacher apply for the
informatics teacher recruitment exam (Choi et al., 2015).

When faced with shortages of qualified teachers, remote instruction can provide
greater access to qualified teachers. For example, a dearth of qualified CS teachers
has been and continues to be a challenge for Uruguay. To address this challenge,
in 2017, Plan Ceibal began providing remote instruction in computational thinking
lessons for public school fifth and sixth graders and integrated fourth-grade
students a year later. Students work on thematic projects anchored in a curricular
context where instructors integrate tools like Scratch.> During the school year, a
group of students in a class can work on three to four projects during a weekly
45-minute videoconference with a remote instructor, while another group can work
on projects for the same duration led by the classroom teacher. In a typical week,
the remote instructor introduces an aspect of computational thinking. The in-class
teacher then facilitates activities like block-based programming, circuit board
examination, or other exercises prescribed by the remote teacher (Cobo &
Montaldo, 2018).¢ Importantly, Plan Ceibal implements Pensamiento
Computacional, providing a remote instructor and videoconferencing devices at the
request of schools, rather than imposing the curriculum on all classrooms (Garcia,
2020). With the ongoing COVID-19 pandemic forcing many school systems across
the globe to adopt remote instruction, at least temporarily, we speculate that
remote learning is now well poised to become more common in expanding CS
education in places facing ongoing teacher shortages.

In 2019, President Tabaré Vazquez stated that “All children in kindergartens and schools are programming in
Scratch, or designing strategies based on problem-solving” (Uruguay Presidency, 2019).

Remote instruction via videoconferencing technology improved learning in mathematics in an experiment in
Ghana (Johnston & Ksoll, 2017). It is very plausible that Uruguay’s approach to giving computational thinking
instruction via videoconference could also be effective.
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4. Exposing students to CS education early helps foster demand,
especially among underserved populations

Most education systems have underserved populations who lack the opportunity
to develop an interest in CS, limiting opportunities later in life. For example, low
CS enrollment rates for women at Italian universities reflect the gender gap in CS
education. As of 2017, 21.6 percent and 12.3 percent of students completing
bachelor's degrees in information engineering and CS, respectively, were women
(Marzolla, 2019). Further, female professors and researchers in these two subjects
are also underrepresented. In 2018, only 15 percent and 24 percent of professors
and researchers in CS and computer engineering, respectively, were women
(Marzolla, 2019). Similar representation gaps at the highest levels of CS training
are common globally. Thus, continuing to offer exposure to CS only in post-
secondary education will likely perpetuate similar representation gaps.

To address this challenge, several education systems have implemented programs
to make CS education accessible to girls and other underserved populations in
early grades, before secondary school. For instance, to make CS education more
gender balanced, the Italian Ministry of Education partnered with civil society
organizations to implement programs to spur girls’ interest in CS and encourage
them to specialize in the subject later (European Commission, 2009). An Italian
employment agency (ironically named Men at Work) launched a project called Girls
Code It Better to extend CS learning opportunities to 1,413 middle school girls
across 53 schools in 2019 (Girls Code It Better, n.d.). During the academic year, the
girls attended extracurricular CS courses before developing their own
technologically advanced products and showcasing their work at an event at
Bocconi University in Milan (Brogi, 2019). In addition to introducing the participants
to CS, the initiative provided the girls with role models and generated awareness
on the gender gap in CS education in Italy.

In British Columbia, students are exposed to computational thinking concepts as
early as primary school, where they learn how to prototype, share, and test ideas.
In the early grades of primary education, the British Columbia curriculum
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emphasizes numeracy using technology and information technology. Students
develop numeracy skills by using models and learn information technology skills to
apply across subjects. In kindergarten and first grade, curricular objectives include
preparing students for presenting ideas using electronic documents. In grades 2 to
3, the curricular goals specify that students should “demonstrate an awareness of
ways in which people communicate, including the use of technology,” in English
language arts classes, as well as find information using information technology
tools. By the time students are in grades 4 and 5, the curriculum expects students
to focus more on prototyping and testing new ideas to solve a problem (Gannon &
Buteau, 2018).

Several systems have also increased participation in CS education by integrating it
as a cross-curricular subject. This approach avoids the need to find time during an
already-packed school day to teach CS as a standalone subject. For example, in
2015, the Arkansas legislature began requiring elementary and middle school
teachers to embed computational thinking concepts in other academic courses. As
a result, teachers in the state integrate five main concepts of computational
thinking into their lesson plans, including (1) problem-solving, (2) data and
information, (3) algorithms and programs, (4) computers and communications,
and, importantly, (5) community, global, and ethical impacts (Watson-Fisher, 2019).
In the years following this reform, the share of African-American students taking
CS in high school reached 19.6 percent, a figure that slightly exceeds the
percentage of African Americans among all students—a resounding sign of
progress in creating student demand for CS education (Computer science on the
rise in Arkansas schools, Gov. drafts legislation to make it a requirement for
graduation, 2020).

After-school programs and summer camps, jointly organized with external
partners, have also helped promote demand for CS education through targeted
outreach programs to commonly underserved populations. For example, Microsoft
Thailand has been holding free coding classes, Hour of Code, in partnership with
nonprofit organizations, to encourage children from underprivileged backgrounds
to pursue STEM education (Microsoft celebrates Hour of Code to build future
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ready generations in Asia, 2017). In the past decade, Microsoft has extended
opportunities for ICT and digital skills development to more than 800,000 youth
from diverse backgrounds—including those with disabilities and residents of
remote communities (Thongnab, 2019). Their annual #MakeWhatsNext event for
young Thai women showcases STEM careers and the growing demand for those
careers (Making coding fun for Thailand’s young, 2018). Also in Thailand,
Redemptorist Foundation for People with Disabilities, with over 30 years of
experience working with differently abled communities in that country, expanded
their services to offer computer trainings and information technology vocational
certificate programs for differently abled youth (Mahatai, n.d.).

In British Columbia, Canada, the Ministry of Education and other stakeholders have
taken steps to give girls, women, and aboriginal students the opportunity to
develop an interest in CS education. For example, after-school programs have
taken specific steps to increase girls’ participation in CS education. The UBC
Department of Computer Science runs GIRLsmarts4tech, a program that focuses
on giving 7th-grade girls role models and mentors that encourage them to pursue
technology-related interests (GIRLsmarts4tech, n.d.). According to the latest
census, in 2016, British Columbia’s First Nations and Indigenous Peoples (FNIP)
population—including First Nations, Metis, and Inuits—was 270,585, an increase of
38 percent from 2006. With 42.5 percent of the FNIP population under 25, it is
critical for the province to deliver quality education to this young and growing
group (Ministry of Advanced Education, Skills and Training, 2018). To this end, part
of the British Columbia curriculum for CS education incorporates FNIP world views,
perspectives, knowledge, and practices in CS concepts. In addition, the B.C. based
ANCESTOR project (AborigiNal Computer Education through STORytelling) has
organized courses and workshops to encourage FNIP students to develop
computer games or animated stories related to their culture and land (Westor &
Binn, 2015).

As these examples suggest, private sector and nongovernmental organizations can
play an important role in the expansion of CS education, an issue we turn to now.
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5. Engaging key stakeholders can help address bottlenecks

In most reviewed cases, the private sector and nongovernmental organizations
played a role in promoting the expansion of CS education. Technology companies
not only helped to lobby for expanding CS education, but often provided much-
needed infrastructure and subject matter expertise in the design and rollout of CS
education. For example, Microsoft Thailand has worked with the Thai government
since 1998 in various capacities, including contributing to the development and
implementation of coding projects, digital skills initiatives, teacher training
programs, and online learning platforms (Thongnab, 2019; Coding Thailand, n.d.).
Since 2002, Intel’s Teach Thailand program has trained more than 150,000
teachers. Additionally, Google Coding Teacher workshops train educators on
teaching computational thinking through CS Unplugged coding activities (EduTech
Thailand, 2019). The workshop is conducted by Edutech (Thailand) Co., Ltd., an
educational partner of Google, which adapted the Google curriculum to the
Thailand education context. Samsung has been engaged in a smart classroom
project that has built futuristic classroom prototypes and provided training for 21st
century competencies (OECD/UNESCO, 2016).

In England, nongovernmental organizations have played an important role in
supporting the government’s expansion of CS education. The DfE has relied on
outside organizations for help in executing its CS education responsibilities. The
DfE’s NCEE, for instance, is delivered by a consortium including the British
Computing Society, STEM Learning, and the Raspberry Pi Foundation—three
nonprofit organizations dedicated to advancing the computing industry and CS
education in the country (British Computing Society, n.d; STEM Learning, n.d;
Raspberry Pi Foundation, n.d.).

Chile’s Ministry of Education developed partnerships with individual NGOs and
private companies to engage more students, especially girls. These initiatives offer
the opportunity for hands-on learning projects and programming activities that
students can perform from their home computers. Some of the same partners also
provide online training platforms for teacher PD.
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Industry advocacy organizations can also play an important role in the expansion
of CS education. For example, in Arkansas, the state’s business community has
long supported CS education (Nix, 2017). Accelerate Arkansas was established in
2005 as an organization of 70 private and public sector members dedicated to
moving Arkansas into a more innovation- and knowledge-based economy (State of
Arkansas, 2018). Similarly, in England, a network of organizations called Computing
at School established a coalition of industry representatives and teachers. It played
a pivotal role in rebranding the ICT education program in 2014 to the computing
program that placed a greater emphasis on CS (Royal Society, 2017).

To ensure sustainability, one key lesson is that the government should coordinate
across multiple stakeholders. The reliance on inputs from external organizations to
drive CS education implies that the heavy reliance on NGO-provided training and
resources in Chile have been insufficient to motivate more schools and teachers to
include CS and computational thinking in classroom learning activities. By
contrast, England's DfE has effectively coordinated across various
nongovernmental organizations to expand CS education. Similarly, Arkansas'’s
Department of Education is leading an effort to get half of all school districts to
form partnerships with universities and business organizations to give students
opportunities to participate internships and college-level CS courses while in high
school (Talk Business & Politics, 2020). In sum, the experience of decades of
educational policies across the education systems reviewed shows that schools
require long-lasting, coordinated, and multidimensional support to achieve
successful implementation of CS in classrooms.

6. When taught in an interactive, hands-on way, CS education
builds skills for life

Several of the cases studied introduced innovative pedagogies using
makerspaces (learning spaces with customizable layouts and materials) and
project-based learning to develop not only skills specific to CS but also skills that
are relevant more broadly for life. For example, Uruguayan CS education features
innovative concepts like robotics competitions and makerspaces that allow
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students to creatively apply their computational thinking lessons and that can
spark interest and deepen understanding. In addition, computational thinking has
been integrated across subject areas (e.g., in biology, math, and statistics)
(Vazquez et al., 2019) and in interdisciplinary projects that immerse students in
imaginative challenges that foster creative, challenging, and active learning (Cobo
& Montaldo, 2018). For instance, students can use sensors and program circuit
boards to measure their own progress in physical education (e.g., measuring how
many laps they can run in a given period).

Similarly, in New Brunswick, Brilliant Labs provide learning materials to schools so
they can offer students CS lessons using makerspaces that encourage students to
develop projects, engage with technology, learn, and collaborate. These
makerspaces enable students to creatively apply their CS and computational
thinking lessons, sparking interest and deepening understanding of CS and
computational thinking.

Thailand’s curricular reforms also integrated project-based learning into CS
education. Thai students in grades 4-6 learn about daily life through computers,
including skills such as using logic in problem-solving, searching data and
assessing its correctness, and block coding (e.g., Scratch). Then, students in
grades 7-9 focus on learning about primary data through objectives that include
using programming to solve problems, collecting, analyzing, presenting, and
assessing data and information, and textual programming such as Python. Finally,
students in grades 10-12 focus on applying advanced computing technology and
programming to solve real-world problems, using knowledge from other subjects
and data from external sources (Piamsa-nga et al., 2020).

After two years of nationwide discussions from 2014 to 2016, the Polish Ministry
of National Education announced the creation of a new core curriculum for CS in
primary and secondary schools (Syslo, 2020). The new curriculum’s goals included
students using technology to identify solutions for problems in every day and
professional situations and supporting other disciplines—such as science, the arts,
and the social sciences—in innovation (Panskyi, Rowinska, & Biedron, 2019).
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In sum, these examples showcase efforts across the world to leverage CS
education to develop skills useful not just in the technology industry, but also in
many occupations, as well as for active citizenship in the 21st century.



Conclusion



CS skills are increasingly necessary to function in today’s technology-advanced
world and for the future. They enable individuals to understand how technology
works, and how best to harness its potential to improve lives. As these skills take
preeminence in the rapidly changing 21st century, CS education promises to
significantly enhance student preparedness for the future of work and active
citizenship.

But the benefits of CS education go beyond economic benefits and civic
participation. Given the increasing integration of technology into many aspects of
daily life in the 21st century, a functional knowledge of how computers work will
benefit all individuals, enabling them to participate effectively and safely in an
increasingly digital world.

While we do not argue that all students need to become computer scientists,
foundational CS skills are required for all students to reach their full potential in the
economy and society. We consider CS skills a “new basic skill,” as important as
foundational literacy and numeracy to thrive in the 21st century.

We recognize that efforts to expand CS education require financial resources and
capacity building. And although especially after the COVID-19 pandemic,
governments around the world are facing competing demands amid financial
constraints, the costs of not investing in CS education will leave many of today’s
children and youth further behind. Indeed, more than ever, failing to invest in
technology and CS education may result in constrained global competitiveness,
leaving a government less able to support its citizens.

The already large gaps in skills and competitiveness between the richest and
poorest are likely to continue to grow, unless action is taking sooner rather than
later. Indeed, the extent to which CS education is offered in primary and secondary
schools varies across the globe. Students living in higher-income countries
generally have better access to CS education. And while upper-middle income
countries have the highest rates of mandatory CS education, students in the
poorest countries of the world have the least access to CS education.
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To expand quality CS education, education systems must overcome four main
challenges: (1) provide primary and secondary school students and teachers
access to ICT infrastructure; (2) ensure qualified teachers through teacher
preparation and qualification; (3) foster student demand for CS education; and (4)
develop and use evidence on curriculum and core competencies, instructional
methods, and assessment of CS skills.

Several jurisdictions around the world have made substantial efforts to provide CS
education in primary and secondary schools and offer lessons for others
committed to doing so. We analyzed jurisdictions at various levels of economic
development, at different levels of progress in expanding CS education, and from
different regions of the world.

Our findings suggest six recommendations for governments interested in taking
CS education to scale in primary and secondary schools. First, governments
should use economic development strategies focused on expanding technology-
based jobs to engage all stakeholders and expand CS education in primary and
secondary schools. Indeed, such a strategy helps attract and retain investors and
foster CS education demand among students. Second, provide access to ICT
infrastructure in primary and secondary schools to facilitate the introduction and
expansion of CS education. Third, developing qualified teachers for CS should be a
top priority. The evidence is clear that a qualified teacher is the most important
factor in student learning, and thus preparing the teacher force needed for CS at
scale is crucial. Fourth, expose students early to CS education to increase their
likelihood of pursuing it. This is especially important for girls and other groups
historically underrepresented in STEM and CS fields. Fifth, engage key
stakeholders (including educators, the private sector, and civil society) to help
address bottlenecks in physical and technical capacity. Finally, teach CS in an
interactive, hands-on way to build skills for life.
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Through studying the cases of regional and national governments at various levels
of economic development and progress in implementing CS education programs,
governments from around the globe can learn how to expand and improve CS
education and develop a new basic skill necessary for the future of work and
active citizenship.
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