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The people preparing our children for the future — teachers — are using Al without
properly understanding how Al and generative Al technologies work. They are
employed by institutions that mostly have no plan around Al Literacy and Al Fluency,
and they live in countries whose governments have no strategic vision on how to
make Al work for the economy, society and education. There are few exceptions to
learn from — and the best news is that the problem is solvable if there is genuine
willingness to address it. Every single teacher can move a needle for his/her
classroom, even if fixing national policies won’t happen any time soon.

We identified several themes describing the state of Al Literacy in schools:

First, usage is near-universal; understanding is not. In the edutAlnment survey of
teachers (n=130 full responses from a dataset of 1,004)," 86% use ChatGPT or a
comparable large language model — yet only 11% describe themselves as having
advanced knowledge of Al, and fewer than 2% have ever built a tool with the help of
Al/genAl. We call it the practitioner paradox: teachers have absorbed the
consumer-facing layer of Al without the conceptual grounding to judge how these
tools work, or to teach students how to relate to them critically.

Second, Al amplifies skills only in those who already have them. Cognitive debt
risk is real in students (and adults). Teachers lack insight into how to teach beneficial
use of Al, or use Al as an infrastructure for personalised learning that would improve
skills across different subjects — from mathematics and science to language and
writing. 3

Third, teachers fear that students use Al for cheating, not as a tool to enhance
existing abilities. Seventy percent of our respondents named students using Al to
cheat as their top concern, far ahead of lost human connection (52.7%) and teacher
replacement (46.4%).”

Fourth, the institutional and political void is the most consequential finding. Only
34.5% of educators agree their school provides adequate support for learning about
Al, despite 78.2% agreeing Al can help them teach more effectively, and 65.5%
believing Al technologies will fundamentally change their role within five years." The
OECD documents the same failure internationally.* In the absence of policy, teachers
are setting the rules themselves.® So far, there is no infrastructure to educate the
teaching workforce across the globe.® There are pilots and individual initiatives to
learn from, either shaped by Al vendors such as Google” or OpenAl and Anthropic®
(not focused on Al Literacy, but on Al Fluency), or led by enthusiasts.® '° Funding to
remove the cost barrier is starting to appear.™



Fifth, the main barrier to learning about Al properly is cost and time. Teachers
named cost (62.4%) and lack of time (54.1%) far above everything else, and
two-thirds prefer short, self-paced modules of 15-30 minutes.’

Sixth, a handful of governments have a vision to learn from. Beijing has made Al
education compulsory from age six;'? the UAE mandates Al from kindergarten
through Grade 12 with ethics built in from the start;'® Chile embeds Al into initial
teacher training but has no operational plan to scale to the existing workforce despite
availability of content to do so. Al education becomes an additional thing to do on
teachers’ schedule, after their usual day of teaching, correcting the homework and
doing administrative tasks is done.™

Seventh, Al in education done well exists already, as a scalable infrastructure
across multiple subjects, and as individual projects. Alpha School runs Al
underneath the learning as an adaptive tutor (their technology is not LLM-based).'
Michael Leggs built an Al that coaches students through writing an essay instead of
writing it for them.® The UAE'’s traffic-light rule gives every classroom at the Dubai
British School Jumeirah Park a common language for when the machine helps and
when it must be set aside.™

Eighth, robot-proofing our children is a task for parents and teachers alike —
and the goal is to build cyborgs, not spectators or mindless consumers. In her new
book Robot-Proof: When Machines Have All the Answers, Build Better People, the
neuroscientist Vivienne Ming distinguishes three kinds of Al users: automators, who
copy and paste; validators, who seek confirmation of what they already believe; and
cyborgs, who spar with the machine and outperform the best humans and the best
Al alike."” Raising cyborgs means giving children durable skills to thrive first —
mathematics as structured reasoning, writing as thinking made visible,
self-awareness, entrepreneurship, and curiosity — and then educating them about
how Al can enhance those abilities, never replace building them. The edutAlnment
whitepaper Al Literacy in Young People and Students shows that students are
asking to be taught, not protected'® — and that bans,'® warnings, and detection
theatre destroy the trust on which learning depends. This work cannot be delegated
to schools alone: families are a third space for Al literacy, and children whose
parents engage in joint exploration learn to think critically about the technology rather
than merely consume it."®

In the following pages, we examine how educators use Al, what they understand
about Al and genAl technologies, and what they fear most about applying genAl in
the classroom. We review the institutional and political void in which they work, and
the nascent policies providing hope for a future with improved Al Literacy among
national populations of educators across public and private institutions. As in
previous segments, we follow up with recommendations built on collected data, 100
interviews with Al developers, practitioners and educators, and several secondary
sources.



The Practitioner Paradox: Teachers Between Use and Understanding

In May 2026, Al Edutainment GmbH surveyed educators around the globe. Of 1,004
survey visits, 130 provided full answers — all of them based in the United States,
and all holding a Master’s or a professional degree.! The survey was sent out
internationally, but mostly US-based participants decided to contribute. This lack of
wider participation is a data point in its own right.

Anna Baron, a student who interviewed seven teachers at her school for the
edutAlnment project on Al Literacy, documented educators’ anxiety with particular
clarity.®® Of the seven she approached, only four replied — a silence she read not as
indifference but as evidence of how “controversial” Al remains: “Most teachers are
unsure how to publicly discuss it, and many are reluctant to take a position at all.”

The disciplinary divide Baron observed maps precisely onto the broader literature.
Her humanities teachers were almost uniformly sceptical. A history teacher stated
flatly: “I am not in favour of it,” stressing the importance of handwriting and arguing
that teachers cannot demand authentic work from students while relying on Al
themselves. An English teacher offered a memorable analogy: Al was like “a robot
lifting weights for someone at the gym. While the task may get completed, the
person doing it gains none of the strength.” Her STEM teachers took a different view.
A mathematics teacher argued that Al has “huge potential when used correctly” —
specifically when students use it as a personalised tutor to ask for hints, clarify
concepts and identify mistakes rather than to obtain answers directly. She proposed
that schools should “create frameworks that help students to ask questions and use
Al as a tool to further their learning.” A fourth teacher reframed the discussion
around accessibility: Al could “bridge skill gaps and expand opportunities” for
students with writing difficulties, language barriers or limited access to academic
support.?°

The cohort surveyed by edutAlnment is not a group of early adopters or digital
natives. Almost everyone falls into the 30—44 (47.8%) and 45-59 (44.4%) age
bands; not a single respondent was under 30. More than three-quarters have taught
for over eleven years, and 40.8% for over twenty. Most work in public schools
(64.6%), with strong representation from Special Education (28.5%), Languages and
Humanities (26.9%), and Mathematics and STEM (24.6%)."

This matters because it conditions everything else. These are mid- and late-career
professionals whose identities were formed around craft — lesson design, the
student relationship, assessment — that predates the Al era. They bring experience
shaped by decades of human contact with learning.

Asked to self-assess, teachers cluster in the middle: 46.1% report a basic
understanding of Al, 32.2% a good one (able to explain it to others), 11.3% an
advanced command, and 7.8% have merely heard of it." Eighty-six percent use
ChatGPT or a comparable large language model — yet fewer than 2% have ever



built or taught Al on a level that would have satisfied students. One respondent put
the practitioner paradox plainly: “How does it actually work? | use it, but | don’t
understand what’s happening underneath. That gap makes me uncomfortable.™

The more revealing numbers concern the ecosystem beneath the products.
Proprietary chatbots (ChatGPT, Claude) are familiar to 64.3% — but predictive
analytics to only 31.3%, natural-language processing to 27.0%, adaptive learning
systems to 19.1%, and open-weight models such as the Llama family to a mere
7.0%." The pattern is clear: teachers know the product, not the mechanism and
the foundational mathematics powering Al. Their picture of Al is therefore narrow.
Fluency asks only that the tool works. Literacy asks that the person understand, at
some level, why and how.

Technology scepticism might be viewed as a constant feature in educators. Punya
Mishra reminds us that each new educational technology is first condemned as
cognitively damaging, then quietly rehabilitated: Google Search was once “the
villain,” only to become, a decade later, the benign baseline against which large
language models are now measured.?'

The framing that organises this paper comes from a word coined by Joseph Aoun,
president of Northeastern University: robot-proof. In his 2017 book of that name,
Aoun argued that education should cultivate what automation cannot replicate —
creativity, critical thinking, ethical judgment, and the capacity to keep learning.?? A
society that equips its teachers with knowledge and understanding of Al shapes a
generation that can participate in an informed dialogue about its use, about what
constitutes responsible and ethical Al, and about how to enhance human skills and
capabilities with it. As automation and Al shift traditional employment structures, and
as demographic decline across Western societies makes increased levels of
automation, robotics, and Al inevitable, it is imperative to give teachers the attention
and training they deserve.

Cognitive Debt

We have already discussed the risk of cognitive debt when young people (and
adults) outsource their thinking to a machine. In The Memory Paradox: Why Our
Brains Need Knowledge in an Age of Al, Barbara Oakley, Michael Johnston,
Ken-Zen Chen, Eulho Jung and Terrence Sejnowski name the structural problem at
the heart of the debate: as external aids grow more capable, internal memory can
atrophy.?

The finding that matters most for teachers is a paradox within the paradox: Al
amplifies skill only in those who already have it. You can evaluate an output,
catch an error, or ask a good question only if you have internalised enough
knowledge yourself. Without this internalisation, Al does not close the gap between
strong and weak learners — it widens it. The authors call the goal augmentation



without atrophy: technology can strengthen thinking, but only when the learner has
first done the cognitive work rather than skipped it.3

The neuroscientist Vivienne Ming sees the same evidence. In her account, the
developers who leaned on Al “got worse at coding... worse at understanding the
problem, worse at strategic thinking,” because “when you offload your cognition into
the machine, not only do you not learn while you're doing it, your cognition
atrophies.”’” And the loss, she warns, is not confined to cognition: “if you offload your
emotional stability, your trust, your social skills to a machine, then you have a serious
problem.” Her inversion of the usual sales pitch is the useful design principle. We sell
Al as relief — less effort, faster output — when the honest use is the opposite:
productive friction, using the tool to make the work harder in exactly the ways that
make the learner better. That is the difference between the student who hands the
question to the machine and copies the answer, and the one who uses the machine
to sharpen a question worth answering.

The Cheating Prism

Seventy percent of surveyed educators named students using Al to cheat as their
leading concern. Nothing else came close: loss of human connection (52.7%), fear of
teacher replacement (46.4%), and privacy (38.2%) all ranked well below." We call it
the cheating prism: Al reaches most classrooms filtered through academic integrity
before any other consideration can arrive. One open response describes the
essence of it: “My biggest challenge is that students use it to complete assignments
without learning anything. I've had to completely redesign my assessments.™

Al magnifies what is already there. Long before ChatGPT, cheating was endemic —
in surveys of more than 70,000 US high school students between 2002 and 2015,
64% admitted cheating on a test, and Stanford's Challenge Success surveys have
found for over fifteen years that 60 to 70 percent of students report at least one
recent cheating behaviour. When Stanford researchers Victor Lee and Denise Pope
re-ran the survey across 40 high schools after ChatGPT's release, the number was
statistically unchanged — and had even decreased slightly.>* Students cheat, their
data show, not because a tool exists but because they are disengaged, stressed,
sleep-deprived, or do not feel they belong; the technology merely lowers the cost of
a decision to cheat. The long-term stakes of that decision are documented: students
who engage in academic dishonesty are significantly more likely to engage in
dishonest behaviour in the workplace — a moderate-to-strong correlation replicated
across multiple studies and countries, extending to fraud, corruption tolerance, and
professional misconduct.?® This is what great teachers can communicate, and how:
not “you might get caught,” which frames integrity as a detection problem and invites
an arms race, but “cheating is practising to be someone you don't want to become,”
and the gym-weights analogy from Baron's English teacher makes the point in one
sentence a teenager remembers.?°



Interactive oral examinations make cheating difficult while making structured
learning (and genuine understanding) visible. Research at Griffith University by
Sotiriadou and colleagues, using scaffolded assessments culminating in interactive
orals, found that they help prevent academic misconduct, and that the more relevant
the assessment to real-world scenarios, the less likely students are to engage in
misconduct — while simultaneously building professional identity, communication
skills, and employability.?® A 2024 systematic review confirms the pattern: oral
formats were repeatedly introduced precisely in response to misconduct in written
assessments, students report that contract cheating is difficult to impossible in an
interactive oral, and — the finding teachers should hear — most students performed
better orally than in writing, and prepared more thoroughly because they knew they
would have to explain themselves.?®

The Institutional and Political Void

The most consequential finding in the survey is not about knowledge or fear. It is
about support. Only 34.5% of educators agreed their school provides adequate
support for learning about Al — even as 78.2% agreed Al can help them teach more
effectively, and 65.5% believed it will fundamentally change their role within five
years.'

Teachers can see the transformation coming and believe the technology can help —
yet fewer than one in three feel prepared for it by their institution. One wrote: “My
school has no policy. Teachers are left to figure it out alone. Some ban it, some
ignore it. There’s no coherent approach.” This is the education-sector version of a
pattern visible across the workforce: capable people stuck in institutions that have
not caught up.

The failure is documented internationally. The OECD'’s Digital Education Outlook
2026 — the most comprehensive cross-national analysis to date — reports that a
large share of teachers already use generative Al for work, while warning that
overreliance can undermine “teacher autonomy and professionalism” and erode
teachers’ own skills. Its recommendation is telling: a shift toward Al systems
designed with teachers — which presumes teachers who understand those systems
well enough to shape them.*

The deeper problem is structural. Where governments have no vision for their
country’s future, they have no vision for its education. Al policy becomes a vacuum
filled, classroom by classroom. WIRED’s reporting captured the US version: “Some
districts have issued guidance. Others have thrown up their hands. In the absence of
clear policy, teachers are setting the boundaries themselves.™

Private versus Public Schools

The divide that should worry us most runs between private and public education —
and what it means for the future of the workforce. In the survey, most respondents of
edutAlnment survey work in public schools, where support is thinnest." At the other



extreme sit well-funded private microschools building bespoke Al tutoring. The
market is moving fast: the global market for Al in education, valued at $7.05 billion in
2025, is projected to reach $136.8 billion by 2035 — a nearly twenty-fold increase in
a decade — though estimates vary, with other analysts projecting $57—80 billion over
similar horizons.?” WIRED documents a Silicon Valley movement — Musk’s Ad Astra
and its spin-offs, Alpha School, venture-funded platforms — animated by a “tech
exit” philosophy of opting out of public systems.?® Josh Cowen, an education-policy
scholar, warns where that leads: “You remove yourself from these big structural
systems... and you just say, ‘You're on your own.’ It works well for some people, but
it doesn’t work for most people.”*®

Scaling best practices must not be limited to private systems. The smart question for
any ministry or district is not where an approach comes from, but whether it is the
best one available for building internalised knowledge — and then to fund it
accordingly. Public systems have borrowed from private innovation before: the
International Baccalaureate — created for private international schools — is today
taught mostly in public schools in the US and was adopted by Ecuador's ministry for
its state system at national scale, and Montessori pedagogy runs in hundreds of
public schools worldwide. The lesson from those transfers, and from Ecuador's
uneven results, is the same one Chile teaches: borrow the idea and the design and
build the operational support to ensure best practices are truly implemented.

Case Study - Alpha School: Al Underneath, Humans on Top

Alpha School, founded in 2014 by MacKenzie Price and now operating across US
campuses under a “Two Hours Learning” model, has students complete core
academics — maths, reading, language, science — in about two focused morning
hours, then spend afternoons on projects and life skills.’™ On the NWEA MAP
assessment, Alpha reports placing its classes around the 99th percentile across
most grades and subjects, and a measured learning rate roughly 2.3x the predicted
pace — an attempt to deliver, at scale, Benjamin Bloom’s famous “2 Sigma” tutoring
effect. What makes Alpha instructive is not the headline numbers, but three design
choices that run against the naive “give every child a chatbot” model:

e No open chatbot for students. Price is explicit that a chatbot interface
“‘generally... is going to be used to cheat.” Al runs underneath as an adaptive
tutor and diagnostic engine — measuring pace and accuracy, curating the
next lesson — not as an answer machine on top.

e Mastery before amplification. The model rests on mastery-based
progression, spaced repetition, and productive struggle. Children build the
schema first; Al accelerates the practice loop.

e Teachers become guides. Alpha calls its teachers “guides.” The Al handles
content delivery; the human handles what a machine cannot — motivation,
mentorship, and the judgment to intervene.



Alpha tuition is around $40,000 (similar price tag as in European IB schools or
national private boarding schools).

Cost and Time, Not Conviction

Asked what prevents them from getting Al-literacy training, teachers named cost
(62.4%) and lack of time (54.1%) far above everything else. Lack of school support
registered at 20.2%; only 15.6% were unconvinced of the relevance.! Teachers who
lack Al literacy are not indifferent — they are structurally blocked. Forty percent
describe themselves as extremely or very interested in training, another 27.5% as
moderately interested.’

The format they want confirms it. Sixty-five percent prefer short, self-paced online
modules of 15-30 minutes — far ahead of live webinars (37%) or in-person
workshops (35%)." A teacher who cannot carve out a full day can manage a module
between lessons. These are not stylistic preferences; they are constraints translated
into requirements.

The encouraging news is that the money to remove the cost barrier is starting to
appear. In January 2026, Google.org gave California State University, Fullerton,
$500,000 to train teachers in Al literacy (unfortunately, Google pushes more for Al
fluency than for literacy itself); the non-profit aiEDU launched grants of
$25,000-$50,000 for educator capacity in under-served communities; the National
Science Foundation committed roughly $11 million to K-12 Al teacher training; and
the US Department of Labor opened workforce grants with an explicit Al-literacy
emphasis.’

Where Governments Have a Vision

A handful of governments have decided that Al in education is a national question.
They are worth studying — for what they get right, and for what their haste reveals.

China

Beijing became the first provincial-level region in China to make Al education
compulsory: from September 2025, more than 1,400 primary and secondary schools
must provide at least eight class hours of Al per year, starting at age six. The
curriculum is progressive by design — early grades explore everyday Al and privacy;
middle grades build simple projects; upper grades meet models such as decision
trees and neural networks; high schools work on intelligent agents. Hangzhou went
further, mandating at least ten hours a year. The framing is explicitly strategic: Al
literacy as national talent policy, backed by very large education spending.'

The United Arab Emirates

In May 2025, Sheikh Mohammed bin Rashid Al Maktoum announced that Al would
become a mandatory subject in every UAE public school from kindergarten through
Grade 12, rolled out from the 2025-26 year across roughly 400,000 students with



about 1,000 specially trained teachers. The curriculum is age-differentiated —
storytelling and play for four-year-olds, system design and bias for ages 10-14,
command engineering and real-world simulation in secondary school — and,
notably, ethics is built in from the start. One school’s “traffic-light” system captures
the pedagogy: red means no Al (the child’s own work), amber means
teacher-directed use, green means supervised exploration. Even here, the guiding
principle is that the teacher is irreplaceable — as one head of digital strategy put it,
an Al tool cannot look at a child’s face and see that something is wrong."

Chile

Chile is the instructive case — real ambition with suboptimal execution. Its Politica
Nacional de Inteligencia Artificial 2021-2030 names education as a target sector,
and in 2025 the Ministry of Science, with CENIA, Kodea and the UMCE, launched
“Future Teachers in Al,” embedding Al into initial teacher training. A pilot of about
200 pedagogy students scaled toward a program intended to train thousands more,
on an explicit multiplier logic: each teacher trained reaches many classrooms. The
concept operationalises the OPED framework at UC Chile, adding modules including
“Al as an Academic Tutor” and “Al and Academic Integrity.”™ Yet for many teachers
the content arrived as an additional burden, with no plan for how to fit it into
already-full workloads — good material, no operational design. That gap between
having content and having an operating plan is exactly what makes best intentions
fail.

And Others

The list is growing. Egypt has made Al and programming compulsory for first-year
secondary students; India’s CBSE has offered Al as an elective since 2019 and is
weighing a wider rollout from Class 6; and England’s Tony Blair Institute has named
the “Al-literacy gap” among teachers as a significant obstacle to innovation.*® Three
further cases deserve closer study, because each answers a question the others
cannot: Estonia shows how a small state can adopt frontier Al on its own terms;
Singapore shows guardrails designed as pedagogy; and South Korea shows how
even a well-funded central mandate fails when it outruns its teachers.*

Estonia

Estonia’s education minister frames the stakes bluntly: nations that equip teachers
and students with Al literacy “will secure a decisive advantage.”™' The country’s Al
Leap (TI-Hupe) — the explicit sequel to its 1996 Tiger Leap computerization program
— acts on that conviction, and it is the clearest case of a public system adopting
tools from the generative-Al foundational labs rather than building its own: from
September 2025, 20,000 upper-secondary students and thousands of teachers
received free access to Al learning tools negotiated with OpenAl and Anthropic,
expanding toward roughly 58,000 students and 6,700 teachers by 2027 in a country
of 1.3 million.*" Student personal data is firewalled under GDPR and excluded from
the vendors’ training sets; the program requires data minimisation and



anonymisation and runs compliance checks on all contracted vendors; Estonia’s
X-Road infrastructure keeps every data exchange signed, encrypted, and logged;
and researchers at the University of Tartu worked with OpenAl to modify the tool so it
behaves as a Socratic tutor that prompts with questions rather than handing over
answers. ' Three design choices complete the picture: multi-vendor procurement to
avoid lock-in, teacher onboarding before student access, and a longitudinal study
with Tartu and Stanford measuring cognition rather than logins.®' Estonia works with
the big labs, in short, because the guardrails, the data pipeline, and the evidence
base remain sovereign.

Singapore: Guardrails as Pedagogy

Singapore reaches a similar destination through a state-built platform. Its Ministry of
Education delivers Al features through the national Student Learning Space under
an Al-in-Education Framework that builds on the country’s Model Al Governance
Framework, with the explicit goal of minimising “cognitive offloading and dependence
on Al.”* The learning assistant LEA is teacher-activated, limits the number of
student interactions, asks guiding questions, and “will not provide spoon-fed
answers”; every student completes a basic Al-literacy module covering how Al
works, its benefits and risks; and human-in-the-loop moderation is mandated by
GovTech-MOE guidelines.®? By 2026, Al training is to be offered to teachers at all
levels, including those still in training.3?

South Korea

South Korea shows what happens when a centralised system moves fast without
“carrying” its teachers. Al digital textbooks launched nationally in March 2025 for
mathematics, English, and informatics, backed by $760 million for teacher training
over three years — and were stripped of official textbook status after a single
semester, following complaints from teachers, students, and parents about factual
inaccuracies, data-privacy risks, screen time, and increased teacher workload;
adoption collapsed from 37% to 19% in one semester.** The failure was not the
ambition but the failed process — a rushed rollout, minimal piloting, and a change of
government — and it delivers the same lesson as Chile from the opposite direction:
content and money without a stable operational plan for teachers doesn’t pay into
the democratisation of Al literacy in a population.®*

Centralised vs. Federal Design for Al Initiatives

Federal state design, whatever its other virtues, is structurally damaging for
Al-literacy initiatives, because the one thing such initiatives need — a single
decision, funded and sequenced — is the one thing federations cannot guarantee. In
the United States, education is constitutionally a state and local matter: Washington
can convene task forces and issue executive orders, but the result on the ground is a
patchwork of non-binding state guidance documents, district-by-district
improvisation, and the teacher-level rule-setting our survey documents.® Switzerland
is the same design in miniature: twenty-six cantons hold educational sovereignty,
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coordination runs through consensus bodies, and the current curricula’s
media-and-informatics strands predate generative Al — so updating them requires
intercantonal agreement on a technology that changes faster than any such
agreement can be reached.

Honesty requires the other half of the equation: the same federal design that blocks
a national Al curriculum also enables policy experimentation across fifty states or
twenty-six cantons, adapts schooling to local languages and needs, and — as South
Korea’s whiplash shows — prevents any single government from imposing a badly
designed system on every classroom at once, or ripping a good one out. The federal
task is therefore not about one mandate, but shared frameworks, funded
interoperability, and fast mechanisms for scaling best practices. Federalism requires
Al-literate leaders across the country, who can agree on what best practices might
be, and what kind of society and economy Al technologies should support.

Recommendations: Al Literacy in Teachers

Everything above points to one conclusion: there is no scalable system to address Al
Literacy in education across geographies and school systems. There are teachers
using Al, a few governments mandating it, and scattered pilots funding it. Building
the system means answering two questions together: how to educate the young, and
how to educate their teachers. Neither works without the other. This section sets out
five recommendations, circling around the major theme: robot-proofing the next
generation is the most strategic task for everyone in society.

1. Start from a Vision, Not an Al Tool

A country that knows where it is going can decide how to govern a transformational
technology, and what kind of Al technology to implement. Governance is the
operational expression of strategy, and education is where that strategy either takes
root or fails. But the same principle scales down — and it does not require
national policy. A school is a small universe: a principal who articulates what the
school wants its graduates to be able to do can govern Al within those walls —
choosing tools, setting the traffic-light rules, protecting the human skills — years
before any national framework arrives. A classroom is smaller still, and a single
teacher who has decided what learning must be protected and what the machine
may amplify is, within those four walls, a complete Al-governance regime. Nothing in
the institutional and political void prevents a principal or a teacher from stepping up
and leading; the void is precisely what makes their bottom-up leadership decisive.
The evidence in this paper points the same way: in the absence of policy, teachers
are already setting the rules — the only question is whether they do it by
improvisation or by intention. Vision, strategy, and governance are not privileges of
scale. They are decisions, and a decision fits inside a classroom.

The following five questions can open up a dialogue within a single school, or even a
classroom. They require no technical knowledge, work in any subject, and are
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addressed to students as partners rather than suspects — each one builds the
shared understanding of Al in learning:

1. “What should you be able to do without Al — and why does that
matter?” The foundational question. It forces the class — and the teacher —
to name the skills worth protecting: mental arithmetic, a first draft, an
argument held in the head — and to justify them, turning any Al usage rule
from an imposed ban into a shared commitment.

2. “Where has Al already helped you learn something — and where did it
do the work instead of you?” This legitimises honesty about actual use,
which is already happening, and hands students the central distinction —
amplification versus substitution — as a lens they apply to their own
behaviour rather than a rule applied against them.

3. “How do you know when the Al is wrong — and what would you need to
know to identify mistakes?” The literacy question. It surfaces hallucination
and bias, and makes the case for internalised knowledge from the student’s
side: you can only supervise a machine in a subject you understand.

4. “If Al can produce the assignment, what should the assignment
become?” Asked openly, this turns students from adversaries of assessment
into co-designers of it — and reliably generates the answers the research
endorses: explain it aloud, defend it in dialogue, show the process, do it live. It
is the cheating conversation, held before there is anything to catch.

5. “What is one thing in our subject you would explore if a tireless,
endlessly patient tutor were available — and what would you want it
never to do?” The forward-looking question. It surfaces genuine learning
ambitions Al could serve, and lets students define the guardrails (e.g., “never
just give me the answer.”)

The questions sequence naturally: the first three build the shared understanding, the
fourth converts it into assessment practice, and the fifth opens the door to
introducing Al applications into learning — with the class’s own rules already on the
table. What should follow the dialogue is an Al literacy course — for the
students and their teachers alike — addressing how Al technologies actually work
and why: how a large language model differs from human thinking, why a next-token
predictor produces fluent text and confident mistakes, what the machine can and
cannot know, the meaning of synthetic data, and how to use Al so that it amplifies
internalized knowledge rather than replaces building it. The dialogue creates the
willingness; the course supplies the understanding.

2. Protect the Human Skills First

The goal of a robot-proof education is not to produce children who can prompt a
chatbot. It is to build the capacities a machine cannot: mathematics as structured
reasoning, creative and analytical writing as thinking made visible, and the broad
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muscles of creativity and problem-solving. Vivienne Ming argues that the only
durable job description is creative, adaptive problem explorer, and that what predicts
positive life outcomes is meta-learning, not memorised skills soon to be automated."
Her warning — the Informational-Exploration Paradox — is that automating the
routine tends to produce more routine, not more creativity, unless we deliberately
build both Al and people for exploration; the durable human work lies in “ill-posed
problems” — messy challenges with no single right answer, which reward
metacognition, creativity, curiosity, and socio-emotional skill. Ming states the
classroom rule bluntly: “the golden rule of Al tutors — if they ever give students the
answer, they never learn anything.”"” The classroom implication is direct: use the
time Al frees to deepen human skills, not to offload them.

While discussing Al Literacy, we can’t forget two areas of knowledge that greatly
contribute to enhancing human critical thinking and the ability to communicate. At
edutainment, we encourage schools and universities in any country to compulsorily
teach students of all age groups two subjects—(creative) writing and applied
mathematics.

The first stimulates critical thinking and encourages students to separate original
ideas from cheap prompting. As the linguist Naomi Baron notes, writers have talked
about the role of writing in thinking for a century — Flannery O'Connor's “/ write
because | don't know what I think until | read what | say,” echoed by Forster,
Koestler, Didion, and (by attribution) Faulkner; Stephen King's compact version, “/
write to find out what | think,” appears in The Colorado Kid (2005). If writing helps us
think, Baron asks, what happens when we surrender the process to Al?%

We could go on to find historical evidence on the value of writing, but the point is
clear. Any professional can benefit from the clarity of thought as it evolves through
serious training in writing skills. Jennifer A. Doudna not only won the 2020 Nobel
Prize in Chemistry but also popularised her research while writing A Crack in
Creation.*® David Deutsch isn’t just one of the best quantum physicists on the planet.
He educates us while writing The Fabric of Reality®” and The Beginning of Infinity.3®

On the other hand, Teaching applied mathematics to everyone isn't just about
popularising numerical skills. It is about reducing fears and showing that something
as abstract as equations might be fun and valuable. Reading statistics and
visualising data is one of the required skills across areas of science and professions.
When discussing applied mathematics, we don't need to reinvent the wheel. The
International Baccalaureate (IB) Diploma Programme has been offering a course,
"Mathematics: Applications and Interpretations" (MAI), for quite some time now,
greatly benefiting those students who seek future degrees in medicine, psychology,
or the arts.
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3. Use Al as Infrastructure, Not as an Answer Machine

The right role for Al is underneath the learning, as infrastructure for personalised
tutoring and diagnostics — the Alpha pattern — not on top of it as an answer
machine.™ Two rules follow, and they are not contradictory. Do not use LLMs to write
students’ essays. Do build and adopt systems, like Michael Leggs’s, that coach
students through the work." The measure of any classroom Al is simple: does it
leave the student with more internalised capability, or less?

Case Study: Michael Leggs and his Al Essay Tool

Speaking on the Al Snacks podcast, the US educator Michael Leggs described
building an Al that guides students through how to write an essay — prompting them
to form a thesis, structure an argument, and revise — rather than writing the essay
for them.® The Al plays here the role of a Socratic coach, not an oracle. The student
remains the active agent and keeps the cognitive work that builds the skKill.

4. Make Al Literacy Compulsory — for Students and Teachers

Both groups need a compulsory course, and at this point in time, it is largely the
same course. It should teach how Al differs from human intelligence and why; why
these systems make confident mistakes (a next-token predictor has no truth-seeking
mechanism); and how to use Al ethically and well. For teachers, five components
follow from the evidence in this paper:

e How LLMs actually work versus how humans think — enough to explain
to a class why a model produces fluent text full of hallucinations, and is not, in
any real sense, “thinking.” This is the gap between 64% ChatGPT familiarity in
edutAlnment survey and near-zero comprehension of the mechanism.’

e Al risks, including cognitive debt (explaining how biological brains learn
and what happens in machines)

e Al in economy and society, including how open-weight models can be used
across areas of knowledge, application of Machine Learning and genAl in
disciplines that are addressed in schools (from arts to chemistry, from biology
to design).

e Equity and accessibility — how Al can support learning differences,
language barriers, and limited access to help.

e Institutional and policy literacy — the vocabulary to shape school Al policy
rather than merely receive it.

And the delivery must fit the profession: short, self-paced, accessible, and free or
heavily subsidised.’

5. Introduce Al by Age — a Staged System

Children do not need the same relationship with Al at six and at sixteen.
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Ages 4-7 (early primary): no independent Al use. Playful, unplugged concepts —
how are machines different from people? — and the sheer joy of reading, counting,
drawing, and telling stories by hand. Anastassia Lauterbach has interviewed several
entrepreneurs developing technologies for early-childhood education that are
disconnected from the Internet, providing a walled-garden, secure approach to
enabling skills such as meditation, reading, and counting.*

Ages 8-11 (upper primary): Al made visible, teacher-directed only. Children see
Al tutors and image tools demonstrated, learn that Al can be confidently wrong, and
keep doing the core cognitive work — arithmetic, handwriting, first drafts —
themselves. They learn about Al via edutainment concepts, e.g., edutAlnment
Romy&Roby books.

Ages 12-14 (lower secondary): supervised, structured use. Socratic tutoring
systems (the Michael Leggs case study; Alpha School Examples), Al as a study
partner that gives hints, not answers, and explicit lessons on bias, hallucination, and
ethics. The traffic-light rule governs every task. Students can further use
edutainment concepts to learn about how Al works.

Ages 15-18 (upper secondary): guided autonomy. Students use Al for genuine
work — research, coding, analysis — while learning to verify, cite, and interrogate it,
and while being assessed on judgment, not recall. They graduate literate, not merely
fluent. Students in this group should be able to build a digital second brain, enabling
their research and document management and preparing them for the years after
school graduation. In this group, an Al Literacy course is mandatory.

The through-line is constant: at every age, the human builds the capability first,
and Al amplifies it second.

None of the changes described in this paper is easy — not at the level of a nation,
not at the level of a school, and not in an individual classroom. Curricula resist
revision, budgets resist reallocation, and habits — institutional and personal — resist
everything. What the evidence collected here requires is not another mandate but
individual leadership: ministers, principals, and teachers willing to add new skills to
their own repertoire while safeguarding the value of human agency — the capacity of
a learner to think, to struggle productively, and to own the work of their own mind. Al
will keep improving whether education engages with it or not. The leaders who
matter now are those who engage on their own terms: learning how the technology
works, deciding what it may amplify and what it must never replace, and modelling
for their students the most important lesson of the Al era — that the human remains
the agent of the outcome.
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