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FRAMING



FRAMING: THE STATE OF KNOWLEDGE ABOUTHUMAN LEARNING

Humanity knows a great deal about how humans learn — and proceeds, with remarkable consis-
tency, to ignore most of it. This paradox sits at the center of any honest survey of the science of
learning. The last half-century has produced a robust body of evidence about memory, attention,
motivation, and instruction. Some of this evidence is among the most replicated in all of psychology.
Yet educational practice remains largely untouched by it, shaped instead by institutional inertia,
folk beliefs, and commercial interests.

This survey attempts to map the terrain as it actually stands: what is well-established, what is
contested, what is unknown, and what is believed to be known but is not. The map is drawn for a
specific purpose — to guide the Applied Pedagogy Research Lab’s subsequent investigations into
how education should be redesigned in light of both the best available science and the upheaval
caused by artificial intelligence. It is a coastline map, not a harbor chart. The detailed navigation
will come later, from Level 1 agents going deep on individual domains.

The field of learning science is not a single discipline. It is a confederation of disciplines — cogni-
tive psychology, neuroscience, developmental psychology, philosophy of education, instructional
design, sociology of institutions — that rarely talk to each other in productive ways. A cognitive
psychologist studying retrieval practice in a laboratory may never read Vygotsky. A philosopher of
education inspired by Freire may never encounter cognitive load theory. An institutional analyst
studying why schools resist change may be unaware of either. One of the most important observa-
tions from this survey is that the fragmentation of the field is itself a major obstacle to progress.
The pieces exist; the integration does not.

Three large-scale tensions define the current landscape:

The cognitive versus sociocultural tension. Cognitive science treats learning as primarily
an individual, computational process — encoding, storage, retrieval, schema construction. So-
ciocultural theory treats learning as primarily a social, participatory process — apprenticeship,
co-construction, identity formation within communities. Both perspectives have strong evidence.
Neither alone accounts for how people actually learn, which involves both cognitive processing and
social participation simultaneously. The failure to integrate these perspectives is not merely aca-
demig; it results in curriculum designs that are either cognitively sound but socially impoverished,
or socially rich but cognitively disorganized.

The instruction versus discovery tension. The debate over whether learners should be told
things directly or guided to discover them has raged for decades and shows no signs of resolution.
Kirschner, Sweller, and Clark (2006) argued that minimal guidance fails because it overloads
working memory. Their critics (Hmelo-Silver, Duncan & Chinn, 2007; Schmidt et al., 2007)
responded that effective inquiry learning is not minimally guided at all — it involves substantial
scaffolding. The resolution likely lies in recognizing that these are not binary categories but a
continuum, and that the optimal point on the continuum depends on the learner’s prior knowledge,
the nature of the material, and the desired outcomes. But even this framing may be too simple; the
two approaches may develop different capabilities, and there may be genuine tradeoffs between
them, not merely a balance to be struck.

The replication versus folklore tension. Many popular ideas about learning — learning styles,
the cone of experience, the claim that we retain 10% of what we read but 9o% of what we teach
— have no empirical support and in some cases have been definitively debunked (Newton, 2015;
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Dekker et al., 2012). Yet they persist in teacher training, educational policy, and popular discourse.
The replication crisis has hit education research hard, and any honest survey must distinguish
between what has been shown and what has merely been said. This is not a minor quality-control
issue; the prevalence of neuromyths among practicing teachers — 49% of surveyed teachers
endorsed false claims about the brain (Dekker et al., 2012) — means that debunking is itself a
practical contribution to the field.

Against this background, the survey proceeds.



A PROPOSED TAXONOMY

The field of learning science can be organized into eight major domains, each with its own methods,
key thinkers, and characteristic questions. These domains are not independent; they overlap and
interact in important ways that will be addressed in the cross-cutting themes section. But they are
sufficiently distinct in their intellectual traditions and evidence bases to warrant separate treatment.

1. Cognitive Foundations of Learning — How memory, attention, and cognitive architecture
constrain and enable learning.

2. Developmental Trajectories — How learning capacities change across the lifespan and what
this means for instruction.

3. Motivation, Agency, and Identity — Why people learn, why they stop, and what sustains
effort over time.

4. Instructional Design and Pedagogy — What teaching methods actually work, for whom,
and under what conditions.

5. Assessment and Feedback — How to know whether learning happened and how to use that
knowledge productively.

6. Educational Philosophy and Purpose — What education is for, and how values shape
pedagogy.

7. Institutions, Systems, and Alternatives — Why schools look the way they do, how they
resist change, and what alternatives exist.

8. Sociocultural Learning Theory — How participation in communities of practice shapes
knowledge and identity.

Three cross-cutting themes run through all eight domains:

« The science-practice gap — Why research findings fail to reach classrooms.

« Technology and learning — How digital tools change (and do not change) the learning
equation.

o The replication crisis — Which popular findings have held up and which have not.

This taxonomy departs from some conventional organizations of the field. It treats educational
technology not as a separate domain but as a cross-cutting theme, because technology is a delivery
mechanism, not a learning theory. It gives sociocultural learning theory its own domain rather than
subsuming it under instructional design or developmental psychology, because its starting premise
— that learning is participation in social practice, not just individual cognition — is sufficiently
distinct to warrant separate treatment. It combines institutional analysis with alternative models,
because they are mirror images of the same question: why does education look the way it does,
and could it look different? And it elevates educational philosophy from an afterthought to a full
domain, because the question “what should education aim to achieve?” logically precedes the
question “how should we teach?”
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THE SEVEN DOMAINS



COGNITIVE FOUNDATIONS OF LEARNING

3.1 THE ARCHITECTURE

The cognitive science of learning begins with a basic architectural constraint: human working
memory is severely limited. Cowan (2001) demonstrated that working memory can hold approx-
imately four chunks of information simultaneously, revising Miller’s earlier estimate of seven.
Long-term memory, by contrast, is effectively unlimited in capacity and duration. Learning, from a
cognitive science perspective, is the process of building organized knowledge structures (schemas)
in long-term memory that can be activated automatically, bypassing working memory limitations
(Sweller, van Merriénboer & Paas, 1998).

This architectural constraint has profound implications for instruction. If working memory can
only handle about four novel elements at once, then instructional materials that require learners to
simultaneously process more than four unfamiliar elements will overwhelm working memory and
impair learning. This is the core insight of cognitive load theory (CLT), developed by John Sweller
beginning in the 1980s and refined over four decades (Sweller, 1994; Sweller, van Merriénboer &
Paas, 1998; Sweller, van Merriénboer & Paas, 2019).

CLT distinguishes between intrinsic cognitive load (determined by the inherent complexity
of the material and the learner’s prior knowledge), extraneous cognitive load (imposed by poor
instructional design), and germane cognitive load (productive effort directed at schema construc-
tion). The instructional design implications are clear: reduce extraneous load, manage intrinsic
load through sequencing and segmenting, and redirect freed capacity toward germane processing.
The 2019 update to the theory (Sweller, van Merriénboer & Paas, 2019) — a paper with an ex-
traordinarily high field-weighted citation impact of 106.32 — added an evolutionary perspective,
distinguishing biologically primary knowledge (acquired effortlessly through evolution, like spo-
ken language and face recognition) from biologically secondary knowledge (requiring explicit
instruction, like reading and mathematics). This distinction, while speculative in its evolutionary
framing, usefully explains why some things are easy to learn without instruction and others are
not.

The tripartite load distinction has itself evolved. The germane load concept proved problematic
because it was difficult to distinguish from intrinsic load empirically — is the effort of building a
schema part of the intrinsic difficulty of the material or a separate category? Sweller effectively
collapsed germane load into intrinsic load in the 2019 update, simplifying the theory. De Jong
(2009) raised additional concerns about the theory’s predictions being sometimes ambiguous,
particularly when intrinsic and extraneous load interact. These criticisms have not undermined
the theory’s core contribution but have refined its boundaries.

3.2 THE STRONGEST FINDINGS

Several specific effects derived from cognitive load theory and the broader cognitive science of
learning are among the most well-replicated in educational research.

The testing effect (retrieval practice). Karpicke and Roediger (2008) demonstrated in a paper
published in Science that practicing retrieval — actively pulling information from memory —
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produces better long-term retention than restudying the same material, even when learners predict
otherwise. This is not a small or fragile effect; it has been replicated extensively across ages, materials,
and contexts (Dunlosky et al., 2013). The mechanism appears to involve strengthening of memory
traces through the act of retrieval itself, not merely additional exposure. Importantly, retrieval
practice also improves transfer — the ability to apply knowledge in new contexts — though the
transfer benefits are less consistent than the retention benefits.

The testing effect has a metacognitive twist that matters for practice: students consistently
misjudge which strategies produce the best learning. Rereading feels productive (the material
becomes more familiar, creating a fluency illusion) while retrieval practice feels effortful and
uncertain (the struggle to recall produces a sense of difficulty). Students therefore gravitate toward
the least effective strategies and avoid the most effective ones. This metacognitive error is one of
the most practically important findings in the field.

The spacing effect (distributed practice). Learning is more durable when practice is distributed
over time rather than massed into a single session. The spacing effect is one of the oldest findings in
experimental psychology, dating to Ebbinghaus (1885), and has been confirmed in meta-analyses
and large-scale studies (Dunlosky et al., 2013). The optimal spacing interval depends on the
retention interval — a rough heuristic is that gaps between practice sessions should be 10-30% of
the desired retention interval. The spacing effect interacts with the testing effect: spaced retrieval
practice is more effective than either spaced restudying or massed retrieval practice (Karpicke &
Roediger, 2007).

The interleaving effect. Mixing different types of problems or topics during practice produces
better learning than studying each type in a separate block, particularly when learners need to
discriminate between categories (Brunmair & Richter, 2019; Rohrer, Dedrick & Stershic, 2014). The
effect is counterintuitive — blocked practice feels more fluent and productive — but interleaving
forces learners to practice identifying which strategy is appropriate, a skill that blocked practice
never exercises. Brunmair and Richter’s (2019) meta-analysis found that the effect is strongest
when interleaved categories are similar and the criterion test requires discrimination, suggesting
that interleaving develops the ability to distinguish between related concepts and approaches.

The worked example effect. For novices learning in well-structured domains, studying worked
examples produces better learning than solving equivalent problems (Sweller, van Merriénboer
& Paas, 1998). The explanation: novice problem-solving imposes high extraneous cognitive load
(searching for solution methods), leaving little capacity for schema construction. Worked examples
reduce extraneous load by providing the solution, freeing capacity for understanding the underlying
structure. The effect fades and eventually reverses as learners gain expertise — a transition central
to the expertise reversal effect discussed below.

The split-attention effect. When learners must mentally integrate information from multiple
sources that are physically or temporally separated — for example, a diagram on one page and
explanatory text on another — cognitive load increases and learning suffers (Chandler & Sweller,
1991). Physically integrating related information (placing labels directly on diagrams, synchro-
nizing narration with animation) reduces this extraneous load. This effect is the foundation of
Mayer’s (2002) spatial and temporal contiguity principles for multimedia learning.

The expertise reversal effect. What works for novices can harm experts. Kalyuga et al. (2003) —
a paper with a field-weighted citation impact of 41.14 — showed that instructional techniques
beneficial for low-knowledge learners become redundant or counterproductive for knowledgeable
learners. Worked examples help novices but impede experts, who benefit more from problem-
solving practice. Detailed guidance helps novices but becomes redundant noise for experts whose
schemas already incorporate that information. The implication is that effective instruction must
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adapt to the learner’s current knowledge state — a finding with enormous practical implications
that most educational systems ignore because they are designed for uniform delivery.

3.3 THE MAJOR REVIEW

Dunlosky et al. (2013) — with a field-weighted citation impact of 122.06 — conducted the most
comprehensive evaluation of learning techniques to date, reviewing ten strategies across four
dimensions: learning conditions, student characteristics, materials, and criterion tasks. Their
findings are the closest thing the science of learning has to a consensus document.

High utility: Practice testing (retrieval practice) and distributed practice. These techniques
benefit learners of all ages and ability levels across many tasks and materials. They are relatively
easy to implement and have demonstrated effectiveness in authentic educational settings, not just
laboratories.

Moderate utility: Elaborative interrogation (asking “why” questions about facts — “why would
this be true?”), self-explanation (explaining material to oneself while studying), and interleaved
practice. These show promise but need more research in authentic educational settings. The benefits
are real but the conditions under which they work best are not fully mapped.

Low utility: Summarization, highlighting, the keyword mnemonic, imagery for text learning,
and rereading. These are either ineffective, limited in applicability, or effective only under narrow
conditions that most students do not naturally create.

The “low utility” rating for highlighting and rereading deserves repeated emphasis because these
are the most common study strategies students report using. Students rely heavily on techniques
that are among the least effective, while rarely employing techniques that are among the most
effective. This disconnect between student behavior and research evidence is one of the field’s
most actionable findings — not because it is surprising, but because it is immediately correctable.
Teaching students how to learn is among the highest-leverage interventions available.

3.4 SELF-REGULATED LEARNING: THE META-SKILL

If the cognitive science findings reviewed above describe the mechanisms of learning, self-regulated
learning (SRL) describes the metacognitive layer that orchestrates them. A student who knows
that retrieval practice is effective must still plan when to practice, monitor whether the practice is
working, and adjust when it is not. These capacities — planning, monitoring, and adjusting — are
the core of self-regulation, and they are arguably the meta-skill that enables all other learning.

Panadero (2017) reviewed six major models of self-regulated learning — Zimmerman’s social-
cognitive model, Boekaerts’ dual-processing model, Winne and Hadwin’s information-processing
model, Pintrich’s general framework, Efklides’ metacognitive-affective model, and Panadero’s own
integrative proposal — and found convergence on a common cyclical structure: a forethought or
planning phase (setting goals, choosing strategies), a performance or monitoring phase (tracking
progress, applying strategies), and a reflection or evaluation phase (assessing outcomes, attributing
causes, adjusting future approach). The models diverge on the role of motivation and emotion in the
cycle. Zimmerman emphasizes self-efficacy beliefs. Boekaerts foregrounds the interplay between
the learning pathway and the well-being pathway — students sometimes prioritize emotional
comfort over learning, abandoning productive struggle in favor of easier tasks. Efklides argues that
metacognitive experiences (feelings of difficulty, feelings of knowing) are themselves informational
signals that drive regulatory decisions.
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The practical importance of SRL lies in a disturbing finding: students do not spontaneously
develop effective self-regulation. Left to their own devices, most students adopt poor study strategies
(highlighting, rereading, massed practice), poorly monitor their own understanding (the illusion
of fluency from rereading makes students overestimate how much they have learned), and rarely
reflect on what went wrong after poor performance (Dunlosky et al., 2013). The “metacognitive
error’ — students gravitate toward strategies that feel productive while avoiding strategies that are
actually productive — is one of the most practically important findings in the field.

Can self-regulation be taught? The evidence is promising but incomplete. Explicit instruction
in planning, monitoring, and reflection strategies improves self-regulation in laboratory and
classroom settings. The challenge is transfer — students trained to self-regulate in one domain do
not automatically self-regulate in another. And the development of self-regulation is constrained by
executive function maturation; the prefrontal cortex circuits that support planning, inhibition, and
working memory monitoring continue developing into the mid-twenties, setting biological limits
on what self-regulation can look like at different ages. A curriculum that expects twelve-year-olds
to manage their own learning with the sophistication of a graduate student is demanding cognitive
capacities that are not yet fully developed. Scaffolding for self-regulation must be more robust and
explicit for younger learners, gradually fading as executive functions mature.

The intersection of SRL and cognitive science is particularly rich. Retrieval practice is both a
cognitive learning technique and a self-regulation tool: the act of testing oneself provides moni-
toring information (what do I know versus what do I not know?) that guides subsequent study
decisions. Spacing requires planning (distributing practice over a calendar, not just cramming the
night before). Interleaving requires tolerating the discomfort of increased difficulty — a regulatory
challenge, not just a cognitive one. Teaching students how to learn, then, is not merely giving
them a list of effective techniques; it is developing the metacognitive and self-regulatory capacities
needed to deploy those techniques consistently over time.

3.5 WHATIS CONTESTED

The boundaries of CLT are clearer than its center. The theory works well for well-structured
domains where there is a clear schema to be built — mathematics, science, technical procedures.
Its prescriptions for ill-structured domains — creative writing, ethical reasoning, entrepreneurship,
artistic practice — are less clear. What is a “worked example” for writing a persuasive essay? What
counts as “extraneous load” when the task itself requires exploring tangential associations? This is
not a minor qualification; ill-structured domains are where much of the most important learning
occurs.

The concept of “desirable difficulties” (Bjork & Bjork) — the idea that conditions making learning
feel harder can actually improve long-term retention — creates a productive tension with CLT.
If some difficulty is desirable, how do we distinguish desirable from undesirable difficulty? The
emerging answer is that difficulty stemming from generative processing (retrieval, interleaving,
spacing, self-explanation) is desirable, while difficulty stemming from poor information design
(split attention, redundancy, incoherent presentation) is not. De Bruin et al. (2023) proposed the
“Start and Stick to Desirable Difficulties” (S2D2) framework to help learners identify and persist
through desirable difficulties despite the discomfort they produce. The framework acknowledges
that the metacognitive experience of difficulty feels the same regardless of whether it is desirable
or undesirable — making the distinction practically challenging.



DEVELOPMENTAL TRAJECTORIES

4.1 THE FOUNDATIONAL FRAMEWORKS

Two towering figures dominate developmental psychology’s contribution to learning science: Jean
Piaget and Lev Vygotsky. Their theories, developed in the mid-twentieth century, remain the
scaffolding on which contemporary developmental research builds — even as their specific claims
have been substantially revised.

Piaget proposed that cognitive development proceeds through invariant stages — sensorimotor,
preoperational, concrete operational, and formal operational — each characterized by qualitatively
different modes of thinking. Children do not merely know less than adults; they think differently.
The transition between stages is driven by the child’s active engagement with the environment
through processes of assimilation (incorporating new experience into existing schemas) and
accommodation (modifying schemas to account for new experience). Piaget’s emphasis on the
child as an active constructor of knowledge — not a passive recipient — was revolutionary in its
time and remains influential.

Modern developmental research has challenged the rigidity of Piaget’s stage theory. Children’s
abilities are more domain-specific and context-dependent than stage theory suggests; a child might
demonstrate formal operational thinking in a familiar domain while remaining at the concrete
operational level in an unfamiliar one (Lourengo, 2012). The transition between stages is gradual,
not abrupt. And recent research suggests that Piaget underestimated infants’ and young children’s
cognitive capabilities — they have more sophisticated representations than stage theory would
predict. Nevertheless, the core insight — that cognitive capabilities develop over time and that
instruction must account for the learner’s current developmental level — remains foundational
and uncontested.

Vygotsky’s central contribution was the zone of proximal development (ZPD) — the gap between
what a learner can accomplish independently and what they can accomplish with guidance from a
more knowledgeable other. Learning occurs most effectively within the ZPD, where tasks are chal-
lenging enough to extend current capabilities but not so far beyond them as to be incomprehensible.
Vygotsky also emphasized the social origins of cognitive development: children first encounter
higher mental functions in social interaction and then internalize them. Every function in cognitive
development, Vygotsky argued, appears twice — first between people (interpsychological) and
then within the individual (intrapsychological) (Vygotsky, 1978).

The concept of scaffolding — providing temporary support that is gradually withdrawn as the
learner gains competence — is often attributed to Vygotsky but was actually introduced by Wood,
Bruner, and Ross in 1976, drawing on Vygotskian ideas. Van de Pol, Volman, and Beishuizen
(2010) reviewed a decade of scaffolding research and identified six key strategies: feeding back,
hints, instructing, explaining, modeling, and questioning. Their key finding: effective scaffolding
is contingent (calibrated to the learner’s current level) and involves fading (gradual withdrawal of
support). Scaffolding that does not fade becomes crutch-building — the learner never develops
independence. Scaffolding that is withdrawn too quickly collapses, leaving the learner overwhelmed.
The timing and calibration of scaffolding is one of the most demanding skills in teaching.
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4.2 WHAT MODERN RESEARCH ADDS

Contemporary developmental science has moved beyond Piaget and Vygotsky in several important
directions.

Executive function development. The prefrontal cortex, which supports planning, inhibition,
working memory, and cognitive flexibility, continues developing into the mid-twenties (Orben,
Tomova & Blakemore, 2020). This has direct implications for the kinds of self-regulation and
metacognition we can expect from learners at different ages. A curriculum that requires high levels
of self-directed learning from twelve-year-olds is asking for executive functions that are not yet
fully developed. This does not mean younger learners cannot self-regulate at all — it means the
scaffolding must be more robust and explicit.

Domain-specific development. Rather than proceeding through universal stages, cognitive
development appears to be more domain-specific than Piaget proposed. A child might be highly
sophisticated in mathematical reasoning while still developing in social cognition, depending on
experience and exposure. This has implications for age-grading: grouping students by age assumes
that age is a useful proxy for developmental readiness, but development within a given child is
uneven across domains.

The importance of early experience and sensitive periods. The brain’s sensitivity to environ-
mental input is not uniform across the lifespan. Critical and sensitive periods exist for certain
capabilities — language acquisition, visual processing, social bonding — during which experience
has outsized effects on development. Outside these windows, the same input has diminishing
returns. For educational practice, the most important implication is that timing matters: some
learning opportunities are more effective earlier than later, while others benefit from waiting until
the relevant cognitive infrastructure is in place.

4.3 THE NEUROSCIENCE BRIDGE — NARROWER THAN ADVERTISED

The relationship between neuroscience and educational practice is one of the most oversold and
underdelivering connections in the field. “Brain-based learning” is a multimillion-dollar industry.
Neuroscience imagery decorates educational products, professional development materials, and
popular books. The actual bridge between brain science and classroom practice is, however,
remarkably narrow.

Dekker et al. (2012) surveyed 242 teachers in the UK and Netherlands and found that nearly
half endorsed neuromyths — false claims about the brain dressed up in scientific language. The
most commonly endorsed myths included the idea that we only use 10% of our brain, that there
are “left-brained” and “right-brained” learners, and that children have learning styles tied to their
preferred sensory modality. Perhaps the most disturbing finding was that teachers with more
general knowledge of the brain were not better at distinguishing myths from facts — they were
actually more likely to endorse neuromyths. Knowledge of neuroscience, without training in critical
evaluation, appears to increase susceptibility to pseudo-scientific claims rather than providing
protection against them.

What does neuroscience genuinely contribute to educational practice? The honest answer is:
less than one might hope, but more than nothing. Three contributions stand out.

First, the neuroscience of executive function development provides practical boundary condi-
tions for educational expectations. The prefrontal cortex — the seat of planning, impulse control,
working memory management, and cognitive flexibility — has one of the longest developmental
trajectories of any brain region, continuing to mature into the mid-twenties (Orben, Tomova &

11
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Blakemore, 2020). This means that demanding high levels of self-directed learning, sustained
attention, and metacognitive monitoring from young adolescents is demanding capacities that
their brains are still constructing. It does not mean young learners cannot self-regulate at all —
they can, with appropriate scaffolding — but it means the scaffolding must be more substantial
and more explicit than for adults.

Second, the neuroscience of memory consolidation provides indirect support for spacing and
sleep-dependent learning. Memories appear to be consolidated during sleep, and spaced learning
may work partly because it allows time for consolidation between practice sessions. This does not
add new prescriptions — the behavioral evidence for spacing was already overwhelming — but it
provides a mechanistic explanation that can help counter the intuitive appeal of massed practice.

Third, the identification of specific learning disabilities (dyslexia, dyscalculia) has genuine
neurological grounding. Brain imaging studies have identified structural and functional differences
associated with reading difficulties, for instance, which supports the reality of these conditions
as neurodevelopmental rather than motivational in origin. This matters because it counters the
persistent folk belief that struggling readers just need to “try harder”

Beyond these contributions, the neuroscience-education bridge is largely aspirational. The gap
between what brain imaging can tell us about cellular-level processing and what a teacher needs to
know about designing a lesson on fractions is enormous. Applied Pedagogy should be an informed
consumer of neuroscience claims — aware of the genuine contributions, skeptical of brain-based
marketing, and honest about how little neuroscience currently prescribes for everyday instruction.

4.4 CONNECTIONS TOOTHER DOMAINS

The developmental perspective connects directly to CLT’s expertise reversal effect: what works for
a novice (any learner in the early stages of development in a domain) differs from what works for
someone more advanced. It connects to motivation theory through the development of autonomy
and self-regulation over the lifespan — younger learners need more external structure; older
learners need more choice and self-direction. It connects to assessment through the question of
what constitutes age-appropriate expectations. And it connects to institutional analysis through the
question of age-grading: grouping students by age rather than by developmental readiness in spe-
cific domains is a convenience for institutional management, not a reflection of how development
actually works.
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MOTIVATION, AGENCY, ANDIDENTITY

51 SELF-DETERMINATION THEORY

The dominant framework for understanding motivation in education is Self-Determination Theory
(SDT), developed by Edward Deci and Richard Ryan over four decades. Their seminal 2000 paper
in American Psychologist (Ryan & Deci, 2000) has accumulated over 27,000 citations and a field-
weighted citation impact of 122.88 — making it one of the most influential papers in all of
psychology. SDT identifies three basic psychological needs that, when satisfied, promote intrinsic
motivation, engagement, and well-being:

Autonomy: The sense that one’s actions are self-endorsed and volitional, not controlled by
external pressure. Autonomy does not mean independence or isolation; it means acting in accord
with one’s values and interests. A student who freely chooses to follow a teacher’s recommendation
is acting autonomously; a student who complies under threat of punishment is not, even if they do
the same thing.

Competence: The sense that one is effective and capable of mastering challenges. Competence
need is satisfied when tasks are optimally challenging — hard enough to stretch current abilities
but not so hard as to produce helplessness. This echoes Vygotsky’s ZPD and Csikszentmihalyi’s
flow channel.

Relatedness: The sense of connection to and care from others. Humans are social creatures; learn-
ing in isolation — without mentors, peers, or a community that values the learning — undermines
motivation even when autonomy and competence needs are met.

When educational environments satisfy these three needs, students are more likely to be intrinsi-
cally motivated — learning because they find the activity inherently interesting or valuable. When
environments thwart these needs — through controlling teaching styles, tasks that are too easy or
too hard, or social isolation — motivation shifts toward extrinsic forms (learning for grades, to
avoid punishment) or drops away entirely.

SDT is among the most extensively replicated theories in psychology, with supporting evidence
from dozens of countries and educational contexts (Deci & Ryan, 2017). The updated comprehen-
sive presentation in the 2017 book — which has accumulated over 11,000 citations — includes six
mini-theories that address specific domains: cognitive evaluation theory (how external events affect
intrinsic motivation), organismic integration theory (how extrinsic motivation can become more
self-determined), basic psychological needs theory, goal contents theory (intrinsic versus extrinsic
life goals), causality orientations theory (individual differences in motivational orientation), and
relationships motivation theory.

The practical implications of SDT are clear and concrete: give students meaningful choices
(autonomy support), calibrate challenges to current ability (competence support), and foster caring
relationships between teachers and students and among students (relatedness support). These
are not merely nice-to-have features; they are structural requirements for sustained motivation.
Autonomy-supportive teaching — characterized by offering choice, providing rationale, acknowl-
edging feelings, and minimizing controlling language — consistently outperforms controlling
teaching in promoting engagement, learning, and well-being.

13



5.2 FLOW

5.2 FLOW

Csikszentmihalyi’s (1990) concept of flow — a state of complete absorption in an activity when
challenge level matches skill level — provides a complementary perspective. Flow is inherently
rewarding and associated with high performance and learning. The “flow channel” lies between
boredom (too-easy tasks) and anxiety (too-hard tasks), echoing Vygotsky’s ZPD and the expertise
reversal effect. When a student is in flow, they lose track of time, their self-consciousness diminishes,
and they feel a sense of control and intrinsic satisfaction.

The practical challenge is engineering conditions for flow in educational settings, which requires
continuous calibration of challenge to individual skill — precisely what most educational systems
are bad at. A classroom of thirty students will have thirty different challenge-skill balances, and a
single-difficulty lesson can only hit the flow channel for a few of them. This argues powerfully for
adaptive and differentiated instruction, but the organizational demands of true differentiation are
enormous.

5.3 GROWTH MINDSET: A CAUTIONARY CASE

Carol DwecK’s growth mindset theory — the idea that believing intelligence is malleable (rather
than fixed) leads to greater persistence, effort, and achievement — became one of the most popular
ideas in education over the past two decades. Dweck’s original studies showed large effects of
mindset interventions on student performance. The idea was embraced by schools, school districts,
and education policymakers worldwide.

The subsequent story is a case study in the replication crisis and in what happens when research
findings are popularized before they have been adequately replicated. Yeager et al. (2019) —
published in Nature, pre-registered, with independent data processing and a blinded Bayesian
analysis — conducted the most rigorous test of growth mindset interventions to date. They found
that a brief online intervention improved grades for lower-achieving students, but the effect size
was modest (approximately d = 0.10) and was moderated by school context. The intervention only
worked when peer norms aligned with the growth mindset message. In schools where the peer
culture did not support the message, the intervention had no effect.

Meanwhile, Li and Bates (2019; 2020) published multiple studies finding no relationship between
mindset and achievement, response to setbacks, or cognitive ability. Their work suggests that the
original effect sizes were substantially inflated, possibly by small-sample studies with flexible
analytical strategies — a common pattern in the replication crisis.

The current assessment: growth mindset interventions may produce small, context-dependent
effects for some students, particularly those already struggling. But the original claims of large,
universal effects were substantially overstated. For Applied Pedagogy, the lesson is threefold. First,
do not adopt growth mindset as a core pedagogical principle. Second, do not dismiss it entirely —
the insight that beliefs about ability affect effort is not wrong, even if the intervention effects are
smaller than claimed. Third, use this case as a model for how to evaluate future popular claims:
demand replication, look for boundary conditions, and be suspicious of effect sizes that seem too
good to be true.

54 WHATIS WELL-ESTABLISHED AND WHAT IS NOT

SDT'’s three basic needs and their relationship to motivation are well-established. The general
principle that autonomy-supportive teaching outperforms controlling teaching is robust across
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54 WHAT IS WELL-ESTABLISHED AND WHAT IS NOT

many studies, contexts, and cultures. The flow concept is useful as a design heuristic — aim for the
challenge-skill sweet spot — but is difficult to operationalize or engineer at scale.

Growth mindset is contested. “Grit” (Duckworth) has similar replication concerns — the con-
struct may overlap substantially with conscientiousness, a well-established personality trait in the
Big Five model, without adding much predictive power beyond what conscientiousness already
provides.

An important caveat: the relationship between motivation and actual learning outcomes is
more complex than often assumed. Students can be highly motivated to learn using ineffective
strategies — a student who enthusiastically highlights and rereads for hours is motivated but
learning poorly (Dunlosky et al., 2013). Motivation is necessary but not sufficient; it must be
directed toward effective learning behaviors. This intersection of motivation and cognitive strategy
is underresearched and deserves attention.
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INSTRUCTIONAL DESIGN AND PEDAGOGY

6.1 THE CENTRAL DEBATE

The most important and unresolved debate in instructional design concerns the relative effective-
ness of direct instruction versus constructivist, inquiry-based, and problem-based approaches. This
debate has a long history, but its modern form was crystallized by Kirschner, Sweller, and Clark
(2006), who argued that minimally guided instruction fails because it overloads working memory.
Their paper drew on CLT to claim that discovery learning, problem-based learning, inquiry learn-
ing, and constructivist teaching all share the same fundamental flaw: they ask novice learners to
simultaneously search for solutions and learn from the search process, imposing unsustainable
cognitive load.

The responses to this paper (Hmelo-Silver, Duncan & Chinn, 2007; Schmidt et al., 2007; Kuhn,
2007) did not so much refute the argument as reframe it. Hmelo-Silver et al. — a paper that
has accumulated 2,433 citations — argued that effective PBL is not “minimally guided.” Well-
designed PBL includes structured problems (not random exploration), coaching (teachers actively
guide student thinking), and fading (support is gradually withdrawn as competence develops).
The question, they argued, is not “guided versus unguided” but “what kind of guidance, and
how much, at what point in learning?” Schmidt et al. (2007) went further, arguing that PBL is
actually compatible with human cognitive architecture because the problem context activates prior
knowledge and provides a meaningful framework for schema construction — reducing, rather
than increasing, extraneous load.

Kuhn (2007) raised a different objection: direct instruction is efficient for knowledge transmis-
sion, but education aims at more than knowledge transmission. If we want students to develop
the ability to generate questions, evaluate evidence, and construct arguments — skills that Kuhn
calls “inquiry” — then they must practice those skills, which requires some form of inquiry-based
instruction. You cannot develop problem-solving skills without actually solving problems, any
more than you can develop swimming skills by watching demonstrations on land.

The emerging consensus, such as it is, recognizes several things:

First, for novices in well-structured domains, explicit instruction with worked examples is more
effective than unguided discovery. The evidence for this is strong and has been replicated across
many contexts.

Second, as learners gain expertise, the balance should shift toward more independence. The
expertise reversal effect (Kalyuga et al., 2003) demonstrates that what helps novices can harm
experts. The transition from worked examples to problem-solving practice should be gradual,
following a “completion strategy” in which increasingly incomplete worked examples require the
learner to supply more of the solution.

Third, the binary framing is misleading. Real instructional approaches fall on a continuum from
fully explicit to fully open-ended, and effective teaching involves moving along this continuum as
learners develop. Scaffolded inquiry — structured problems with calibrated support — is not the
same as unguided discovery.

Fourth, the desired outcomes matter. If the goal is acquisition of specific knowledge and pro-
cedures, direct instruction is efficient. If the goal is development of problem-solving strategies,
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6.2 EVIDENCE-BASED INSTRUCTIONAL PRINCIPLES

metacognition, and transfer, some form of guided inquiry is probably necessary. These are not the
same goal, and the optimal instructional approach depends on which goal is primary at a given
moment.

6.2 EVIDENCE-BASED INSTRUCTIONAL PRINCIPLES

Beyond the direct instruction debate, several instructional principles have strong empirical support.

The ICAP framework. Chi (2009) proposed that learning activities can be classified as passive
(receiving — listening to a lecture without notes), active (manipulating — highlighting, copying,
paraphrasing), constructive (generating — explaining in one’s own words, generating examples,
drawing concept maps), and interactive (collaborating — building on each other’s ideas in dialogue).
The framework predicts — and evidence supports — that Interactive > Constructive > Active >
Passive for learning outcomes. This is more nuanced than “active learning is better than passive
learning” Highlighting is “active” but it does not generate new knowledge structures; it merely
marks existing text. Self-explanation is “constructive” because it requires the learner to generate
inferences not present in the material. The ICAP framework provides clear criteria for evaluating
the cognitive depth of learning activities.

Multimedia learning principles. Mayer (2002) — with an astonishing field-weighted citation
impact of 522.86, the highest of any source found in this survey — derived empirically grounded
principles for presenting information in multiple modalities. The most robust principles include:
coherence (remove extraneous material — decorative images, background music, tangential anec-
dotes), signaling (highlight essential material with cues, headings, and emphasis), spatial contiguity
(place related text and graphics near each other), temporal contiguity (present corresponding
narration and animation simultaneously), segmenting (break complex lessons into learner-paced
segments), and pre-training (teach key concepts and vocabulary before the main lesson). These
principles are directly applicable to any curriculum that uses visual or multimedia materials —
which is to say, any modern curriculum.

The Four-Component Instructional Design model. Van Merriénboer, Kirschner, and Kester
(2003) proposed a comprehensive framework for designing instruction in complex domains.
The 4C/ID model uses four components: learning tasks (whole, authentic tasks of increasing
complexity), supportive information (explaining mental models and strategies, available before
and during tasks), procedural information (just-in-time step-by-step guidance for routine aspects),
and part-task practice (for routinizing sub-skills that need to be automated). The model integrates
CLT principles with practical design guidance for complex, real-world learning.

6.3 PROBLEM-BASED AND PROJECT-BASED LEARNING

Problem-based learning (PBL), as defined by Savery (2006), uses ill-structured problems as the
starting point for learning, with the teacher acting as facilitator rather than lecturer. Key features
include: problems that are complex and open-ended (not textbook exercises), student-directed
investigation (learners identify what they need to know), collaborative small-group work, and
teacher facilitation (guiding without telling).

The evidence for PBL is genuinely mixed. Meta-analyses generally show that PBL produces
comparable content knowledge acquisition to traditional instruction — sometimes slightly lower
on immediate tests — but better outcomes for application, problem-solving, long-term retention,
and professional skills (Savery, 2006). The quality of implementation matters enormously. Poorly
structured PBL — where students wander without clear learning goals, where facilitation is absent
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6.3 PROBLEM-BASED AND PROJECT-BASED LEARNING

or unskilled, where problems are too open-ended for the learners’ expertise level — can indeed
become the “minimal guidance” that Kirschner et al. warned against. Well-structured PBL, with
carefully designed problems, skilled facilitation, and appropriate scaffolding, is a different thing
entirely.

The flipped classroom model (Bishop & Verleger, 2020), which moves content delivery outside
class time (via video lectures) and uses class time for active problem-solving, has accumulated 2,357
citations and substantial implementation. The evidence shows modest benefits, primarily from
the increased in-class active learning time rather than from the video delivery itself. The model’s
effectiveness depends heavily on whether students actually engage with the pre-class material — a
motivation problem that the model does not solve.
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ASSESSMENT AND FEEDBACK

7.1 FORMATIVE ASSESSMENT: THE STRONGEST BRIDGE BETWEEN RESEARCH
AND PRACTICE

If there is a single research finding that deserves wider implementation, it may be the power of
formative assessment. Black and Wiliam (1998), in their landmark meta-review — a paper with a
field-weighted citation impact of 152.60 — found that formative assessment produces substantial
learning gains. The effect sizes they reported (0.4 to 0.7) are large by educational research standards,
though these estimates have been questioned by subsequent researchers as potentially inflated
by the inclusion of low-quality studies. Even more conservative estimates, however, confirm that
formative assessment is among the most effective educational interventions available.

The core mechanism is straightforward but powerful: when students and teachers receive timely,
specific information about what students know and do not know, both can adjust their behavior.
Students can direct their effort toward areas of weakness. Teachers can modify their instruction to
address misunderstandings. Without this information, both parties are navigating without a map.
Formative assessment provides the map.

Nicol and Macfarlane-Dick (2006) — with a remarkable field-weighted citation impact of 235.08
— operationalized this insight into seven principles of good feedback practice, grounding each in
self-regulated learning theory. Their principles have become a standard reference:

1. Clarify what good performance looks like — share criteria, standards, and exemplars so
students know what they are aiming for.

2. Facilitate self-assessment — help students develop the ability to monitor their own learning
and identify gaps.

3. Deliver high-quality feedback information — specific, actionable, focused on the work rather
than the person.

4. Encourage teacher and peer dialogue about learning — make feedback a conversation, not a
monologue.

5. Encourage positive motivation and self-esteem — maintain the learner’s sense of competence
and agency.

6. Provide opportunities to close the gap between current and desired performance — feedback
without an opportunity to act on it is wasted.

7. Use feedback to improve teaching, not just to evaluate students — close the loop by adjusting
instruction based on what assessment reveals.

These principles connect directly to SDT: effective feedback supports competence (by pro-
viding information about progress and how to improve), autonomy (by involving students in
self-assessment and making criteria transparent), and relatedness (through dialogue and the
message that the teacher cares about the student’s learning, not just their grade).
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7.2 THE FEEDBACK PARADOX

Wisniewski, Zierer, and Hattie (2020) found in their meta-analysis that while feedback overall has
a moderate positive effect (d = 0.48), the variance is enormous — some feedback interventions
have very large effects while others have no effect or are counterproductive. The key distinctions
that determine whether feedback helps or hurts:

Task-level feedback — what specifically was correct or incorrect, and why — is highly effective.
It gives the learner concrete information they can use to improve.

Process-level feedback — how to approach the task differently, what strategies to employ — is
also effective, particularly for more complex tasks where the problem is not just what was done
wrong but how to think about the problem differently.

Self-regulation feedback — prompts to plan, monitor, and evaluate one’s own learning — is
useful for more advanced learners who have sufficient domain knowledge to engage in meaningful
self-monitoring.

Person-level feedback — praise or criticism directed at the learner rather than the work (“you're
so smart,” “you need to try harder”) — is generally ineffective or harmful. Praise for ability can
undermine a growth orientation. Criticism of the person can undermine self-esteem and motiva-
tion. Even well-intentioned praise can shift attention from the task to the self, undermining task
engagement.

The feedback paradox is that the most commonly given feedback (grades, generic praise) is the
least useful, while the most useful feedback (specific, process-focused, timely) is the hardest to
provide at scale. A single grade on a paper tells the student almost nothing about what to improve.
A detailed annotation of specific strengths and weaknesses, with suggestions for revision, tells
them everything they need — but requires enormous teacher time to produce.

7.3 HATTIE’S VISIBLE LEARNING: INFLUENTIAL BUT PROBLEMATIC

John Hattie’s (2009) Visible Learning project, synthesizing over 8oo meta-analyses, has been
enormously influential. Its ranked list of factors affecting student achievement, with effect sizes
and a “hinge point” of d = 0.40, has shaped policy conversations worldwide. The project has
accumulated over 4,600 citations.

However, the project has drawn substantial methodological criticism. Terhart (2011) questioned
the aggregation methodology, arguing that combining effect sizes from studies that measured
fundamentally different outcomes, used different comparison groups, and operated at different
time scales produces a false precision. The ranking suggests a degree of comparability that does
not exist — comparing “feedback” (which ranges from written comments to grades to oral praise)
with “direct instruction” (which ranges from Rosenshine-style structured teaching to any form of
teacher-led instruction) obscures more than it reveals. The d = 0.40 “hinge point” — above which
Hattie considers effects worthwhile — is arbitrary and ignores considerations of cost, scalability,
and context.

Visible Learning should be treated as a rough heuristic, not a definitive guide. Its value lies in
orienting attention toward evidence and effect sizes; its danger lies in oversimplification and the
false confidence that comes from precise-looking numbers applied to imprecise categories.
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74 ASSESSMENTASLEARNINGACTIVITY:THETESTINGEFFECTRECONSIDERED

The most radical implication of the testing effect research (Karpicke & Roediger, 2008; Dunlosky
et al,, 2013) for assessment is that assessment itself is a powerful learning activity, not merely a
measurement tool. Most educational systems treat tests exclusively as evaluation instruments —
you test to find out what students know. But the cognitive science is clear: the act of retrieval during
a test strengthens memory traces and improves long-term retention, often more than additional
study time would. This means that every hour spent on summative testing (which primarily serves
institutional accountability) is an hour that could instead be spent on retrieval-based learning
activities that serve the student.

The practical redesign this suggests is substantial. Instead of infrequent, high-stakes tests (which
primarily measure performance at a point in time, generate anxiety, and provide delayed, person-
level feedback), curriculum should incorporate frequent, low-stakes retrieval practice (which
strengthens learning, provides immediate task-level feedback, and supports the metacognitive
monitoring that self-regulated learning requires). The stakes attached to assessment should be
low enough that the retrieval practice is not overwhelmed by test anxiety — which is itself a form
of extraneous cognitive load. The frequency should be high enough that students are regularly
exercising retrieval, and the feedback should be immediate and specific enough that students learn
from the assessment itself, not just about their grade.

This reconceptualization of assessment also connects to SDT. Low-stakes formative assessment
supports autonomy (students can use the information to direct their own learning), competence
(students receive evidence of their growing capability), and relatedness (when assessment involves
dialogue about learning rather than unidirectional judgment). High-stakes summative assessment,
by contrast, tends to be experienced as controlling — it tells students what to learn, when to
learn it, and evaluates them by external criteria — which undermines autonomy and can shift
motivation from intrinsic to extrinsic forms. The assessment-motivation intersection is one of the
most important underresearched areas in the field, and Level 1 investigations should prioritize it.
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EDUCATIONAL PHILOSOPHY AND PURPOSE

8.1 THE QUESTION THAT PRECEDES ALL OTHERS

Before asking “how should we teach?” we must ask “what should education aim to achieve?” This is
a philosophical question that empirical research cannot answer, but the answer shapes everything
that follows. Different philosophical traditions offer different answers, and these differences have
real consequences for curriculum design. A curriculum designed to maximize test scores looks
very different from one designed to develop capabilities for human flourishing, which looks very
different from one designed to produce critical consciousness. Clarifying the purpose is not an
optional philosophical exercise; it is a practical prerequisite.

8.2 DEWEY: EDUCATION AS DEMOCRATIC EXPERIENCE

John Dewey (1916) argued that education is not preparation for life but a part of life itself. Learning
occurs through reflective engagement with genuine problems, not through passive reception of
transmitted knowledge. The school should be a miniature democratic community where students
practice the skills of collaborative inquiry, communication, and self-governance. Education has a
social function — it is the mechanism by which a democratic society perpetuates and improves
itself.

Dewey is frequently misread. He did not advocate unstructured learning or the abandonment
of subject matter. He argued for the integration of subject matter with the learner’s experience
and interests — what he called “the psychologizing of the subject matter” A Deweyan curriculum
starts with problems that are meaningful to learners and uses them as contexts for introducing
disciplinary knowledge, not the other way around. The teacher’s role is not to step aside but
to design experiences that connect the child’s current understanding to the broader world of
knowledge.

This is remarkably consonant with what cognitive science would later establish: learning is
more effective when new information is connected to existing knowledge (schema theory), when
learners are actively engaged in processing material (the ICAP framework), and when the context
is meaningful (situated cognition). Dewey arrived at these conclusions through philosophical
analysis a century before cognitive science confirmed them empirically.

8.3 FREIRE: EDUCATION AS LIBERATION

Paulo Freire (1970) critiqued what he called the “banking” model of education — the teacher
deposits knowledge into the passive student, who stores it for later withdrawal. Against this, Freire
proposed “problem-posing” education, in which teacher and students become co-investigators of
reality through critical dialogue. Education is not politically neutral; it either domesticates (teaching
compliance and acceptance of existing conditions) or liberates (developing critical consciousness
and the capacity to act for change).

Freire’s concepts of conscientization (developing critical awareness of social, political, and eco-
nomic contradictions) and praxis (the unity of reflection and action) have been enormously influ-
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ential in critical pedagogy. The practical challenge is that Freire’s approach was developed for adult
literacy programs in conditions of political oppression in Brazil, and its translation to mainstream
educational contexts requires significant adaptation. The critique of passive, transmission-oriented
teaching resonates widely. The specific revolutionary political commitments are less directly trans-
ferable to, say, a homeschool curriculum for a seven-year-old learning arithmetic. But the core
insight — that education should develop the capacity for independent critical thought, not merely
compliance — is universally relevant.

8.4 THE CAPABILITIES APPROACH: EDUCATION FORHUMAN FLOURISHING

Martha Nussbaum (2011), building on Amartya Sen’s development economics, proposed the
capabilities approach as a framework for evaluating human well-being. Education should develop
people’s actual capabilities — their real opportunities to do and be what they have reason to
value. Nussbaum identified ten central capabilities: life; bodily health; bodily integrity; senses,
imagination, and thought; emotions; practical reason; affiliation; other species; play; and control
over one’s environment (political and material).

For Applied Pedagogy, the capabilities approach offers perhaps the most comprehensive answer
to the question “what is education for?” It is not for economic productivity alone (though economic
capability is included). It is not for socialization alone (though affiliation is included). It is not
for personal fulfillment alone (though senses, imagination, thought, play, and emotions are all
included). It is for developing the full range of human capabilities that enable a person to live a
flourishing life by their own lights. This is a high standard, and most educational systems fall far
short of it — not because they consciously reject it, but because they have never articulated what
they are aiming at with this degree of specificity.

8.5 ILLICH: THE RADICAL CRITIQUE

Ivan Illich (1971) went further than any other philosopher in questioning the institution of school-
ing itself. He argued that compulsory schooling confuses teaching with learning, process with
substance, and credentials with competence. Schools create what he called a “hidden curriculum”
that teaches dependence on institutions, consumption of pre-packaged knowledge, and acceptance
of hierarchical authority — lessons that are more durable and consequential than any of the formal
content.

Illich proposed “learning webs” — networks connecting learners with resources (libraries, labs,
workshops), peers (skill exchanges, interest groups), and mentors (elders and experts willing to
share their knowledge) — as alternatives to institutional schooling. The internet has partially
realized this vision. Platforms like YouTube, Khan Academy, Stack Overflow, and countless forums
function as informal learning webs. But the results are mixed. Self-directed online learning works
well for highly motivated, already-knowledgeable adults and poorly for most others — precisely
because it provides no scaffolding, no adaptive challenge, and no community of practice (all
things that Illich did not fully account for). Illich’s critique of credentialism, however, is strikingly
prescient in an era when Al is making many credentialed skills automatable.
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INSTITUTIONS, SYSTEMS, AND ALTERNATIVES

9.1 THE GRAMMAR OF SCHOOLING

Tyack and Cuban (1995) — a book with a field-weighted citation impact of 184.03, making it one
of the most influential works in educational history — introduced the concept of the “grammar of
schooling?” Just as English has a grammar (subject-verb-object) that speakers internalize so deeply
they cannot imagine speaking differently, schools have a grammar — age-graded classrooms,
one-teacher-per-class, Carnegie units measuring seat time, subject-matter departmental divisions,
and standardized testing as the primary accountability mechanism — that educators and the public
have internalized so deeply they cannot easily imagine schooling differently.

The grammar of schooling explains why American public school reform has such a poor track
record despite over a century of efforts. Reforms that work with the existing grammar — new
textbooks, new assessment instruments, additional subjects, revised standards — are easily adopted
because they do not require rethinking the organizational logic. Reforms that challenge the gram-
mar — multi-age grouping, team teaching, competency-based progression, project-based curricu-
lum, elimination of grade levels — face enormous institutional resistance. The resistance is not
primarily ideological; it is structural. Changing the grammar of schooling requires simultaneously
changing scheduling, staffing, evaluation, reporting, facilities, and community expectations. The
coordination costs are prohibitive for most institutions.

This insight is crucial for Applied Pedagogy. Knowing what effective learning looks like is
necessary but not sufficient. A curriculum design — however scientifically sound — must either
work within institutional constraints or deliberately position itself outside them (as an alternative
model). Ignoring institutional realities is a recipe for elegant designs that never get implemented.
The lab’s awareness of this dynamic, and the PI’s direct experience with alternative education, is a
significant advantage.

9.2 THE HIDDEN CURRICULUM

Hafferty (1998) demonstrated in a highly cited paper that educational institutions teach power-
tul informal lessons through their structures, social norms, and reward systems. A school that
formally teaches critical thinking but evaluates students solely through multiple-choice tests is
teaching, informally, that critical thinking is less important than recall. A university that espouses
collaborative learning but ranks students competitively is teaching that learning is a zero-sum
game. A teacher who lectures about student agency while controlling every aspect of the classroom
is teaching that authority matters more than autonomy.

The hidden curriculum is not necessarily bad — some of its lessons (punctuality, respect for
others, persistence through difficulty) may be valuable. But it is powerful precisely because it
is invisible. Students absorb the hidden curriculum without being aware of it, which makes it
harder to question and harder to counteract. For Applied Pedagogy, the implication is clear: every
design decision — not just content and pedagogy, but assessment, social structure, scheduling,
and institutional norms — teaches something. The hidden curriculum should be designed as
deliberately as the formal one.
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9.3 ALTERNATIVE EDUCATION MODELS

The research base for alternative education models is the thinnest of any domain surveyed. This was
one of the most striking findings of the landscape scan — a search for “homeschooling unschooling
alternative education outcomes” on OpenAlex returned only 161 results, compared to hundreds of
thousands for cognitive load theory or self-determination theory.

Homeschooling. Gaither (2017) reviewed the research and found that homeschooled students
generally perform at or above grade level on standardized tests. However, the research suffers
from severe, probably irremediable selection bias: families that homeschool tend to be higher-
SES, more educationally engaged, and more likely to have a stay-at-home parent with a college
degree. Comparing homeschooled students to a general school population is comparing different
populations, not different treatments. Rigorous causal inference is essentially impossible with
existing data.

Unschooling. Gray and Riley (2015) surveyed 75 adults who had been unschooled — no formal
curriculum, child-directed learning — and found generally positive self-reported outcomes. This
is virtually the entire rigorous empirical base for unschooling: a single study, 75 self-selected
respondents, retrospective self-report, no comparison group. The gap between the number of
families practicing unschooling and the amount of evidence evaluating it is staggering.

Competency-based education (CBE). CBE replaces seat-time requirements with demonstra-
tions of mastery. Students advance when they can show they have learned something, not when
the calendar says it is time. The concept is theoretically well-motivated — it honors the expertise
reversal effect, respects individual pacing, and aligns with mastery learning research. The evidence
base is largely descriptive, concentrated in medical education (Harden, 1999; Mercke, Dornan &
Eika, 2012), and the implementation challenges (reliably assessing competency, providing flexible
pacing within rigid institutional structures) are substantial.

Democratic schools. Schools like Sudbury Valley give students full control over their learning
activities, with no required curriculum. Outcomes research is essentially nonexistent.

The thinness of this evidence base is both a gap and a finding. It does not mean alternative
approaches do not work; it means we do not know whether they work, for whom, or under what
conditions. This uncertainty should be treated as an opportunity for investigation, not as a reason
for either wholesale enthusiasm or wholesale dismissal.
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THE SOCIOCULTURAL PERSPECTIVE: LEARNING AS
PARTICIPATION

10.1 A DIFFERENT STARTING POINT

The domains surveyed so far share, to varying degrees, an assumption that learning is primarily a
change in individual mental states — the construction of schemas, the encoding of memories, the
development of motivation. Sociocultural learning theory starts from a fundamentally different
premise: learning is a change in participation in social practices. Knowledge is not stored in heads;
it is enacted in communities. Becoming competent is not acquiring an internal representation; it is
becoming a more central participant in a community of practice.

This is not a minor theoretical nuance. It leads to different questions, different research methods,
and sometimes different prescriptions for education.

10.2 SITUATED COGNITION AND COMMUNITIES OF PRACTICE

Lave and Wenger (1991), in one of the most influential works in the social sciences with an estimated
40,000+ citations, introduced the concept of “legitimate peripheral participation.” Learning, they
argued, occurs when newcomers to a community begin participating in its practices at the periphery
— observing, performing simplified tasks, absorbing the community’s norms and values — and
gradually move toward full participation as their competence and identity develop. The apprentice
in a tailor shop does not first learn textile theory and then apply it; they begin by pressing finished
garments, then progress to sewing straight seams, then to cutting patterns, learning through
participation in increasingly central tasks. The knowledge they develop is inseparable from the
social and material context in which it is enacted.

This model of learning challenges several assumptions embedded in conventional schooling.
Schools typically separate learning from practice — students study biology in a classroom, divorced
from any biological practice. Schools sequence learning from abstract to concrete — theory
first, application later. And schools assess learning individually, even when the most important
knowledge in a domain is distributed across teams and embedded in collaborative practices. Lave
and Wenger’s work suggests that this sequence may be backwards: meaning-in-practice precedes
abstract understanding, and trying to teach abstract principles to learners who have no practice
context in which to ground them may be a recipe for inert knowledge — knowledge that can be
retrieved on tests but never activated in real situations.

10.3 KNOWLEDGE BUILDING

Scardamalia and Bereiter (1994) extended the sociocultural perspective by proposing that edu-
cational environments should support “knowledge building” — the collective advancement of
community knowledge, not just individual learning. In a knowledge-building classroom, students
do not merely acquire existing knowledge; they work together to improve ideas, theories, and
explanations. The classroom functions, in their vision, more like a research team than a lecture
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10.4 THE INTEGRATION PROBLEM

hall. Ideas are treated as improvable objects. Students engage in progressive discourse — building
on each other’s contributions, challenging claims, seeking better explanations.

This is an ambitious vision, and its implementation demands a great deal from teachers and
students. Knowledge-building communities require norms of constructive critique, tolerance for
uncertainty, and genuine intellectual engagement. They cannot be created by fiat; they develop
over time through careful facilitation. But when they work, they create learning environments
that address several of the problems identified elsewhere in this survey: they support autonomy
(students have genuine intellectual agency), competence (ideas are improved through communal
effort), and relatedness (the community cares about shared understanding). They also align with
the ICAP framework’s prediction that interactive learning produces the deepest understanding.

104 THE INTEGRATION PROBLEM

The deepest challenge in learning science is integrating the cognitive and sociocultural perspectives.

They are not merely different levels of analysis — like physics and chemistry describing the same
phenomena at different scales. They sometimes lead to genuinely different prescriptions. Cognitive
load theory says: simplify the learning environment to reduce extraneous processing. Situated
cognition says: embed learners in authentic, complex environments because that is where meaning
resides. CLT says: isolate elements and sequence them carefully. Community of practice theory
says: the elements derive their meaning from their interconnection in practice, and isolating them
strips away the very thing the learner needs to understand.

The resolution, if there is one, likely involves time and developmental sequence. Early in learning,
when schemas are forming and working memory is the bottleneck, simplification and careful
sequencing are essential — the cognitive perspective is primary. As learners develop basic schemas,
they need increasingly authentic contexts in which to deploy them — the sociocultural perspective
becomes primary. The endpoint is full participation in a community of practice, where knowledge
is enacted, not just stored.

But this resolution is schematic and largely untested. The great untried experiment of learning
science is the deliberate integration of cognitive and sociocultural approaches in a single curriculum
— one that manages cognitive load for individual learning AND embeds learners in authentic
communities of practice AND calibrates challenge to individual readiness. Nobody has built this
at scale, and nobody has studied it rigorously. It is the most promising and most difficult frontier
the field faces.
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Part 111

CROSS-CUTTING THEMES



CROSS-CUTTING THEME: THE SCIENCE-PRACTICE GAP

11.1 THE PROBLEM

The gap between what research has established and what educational practice does is one of the
most striking features of the field. The examples are numerous and well-documented:

Students commonly rely on highlighting and rereading — among the least effective learning
strategies — while rarely employing retrieval practice and spaced repetition — among the most ef-
fective (Dunlosky et al., 2013). Teachers commonly endorse neuromyths, with nearly half believing
that students learn better when taught in their preferred learning style (Dekker et al., 2012). Schools
commonly use summative assessment (grades, standardized tests) while underusing formative
assessment (feedback for learning), despite strong evidence that the latter produces substantial
learning gains (Black & Wiliam, 1998). Educational technology is adopted based on novelty and
engagement rather than evidence of learning effectiveness (Makransky, Terkildsen & Mayer, 2017).
Growth mindset is promoted as transformative despite modest and contested evidence.

11.2 WHY THE GAP EXISTS

Institutional inertia. The grammar of schooling resists changes that challenge established orga-
nizational structures. Implementing spaced practice requires restructuring course schedules —
affecting buses, cafeterias, staffing, and parent expectations. Implementing formative assessment re-
quires reducing the role of grades — threatening accountability systems and parental expectations
about report cards.

Intuitive plausibility of myths. Learning styles “feels” right because people genuinely have
preferences for how they receive information. The cone of experience “feels” right because active
experiences are more vivid than passive ones. Intuitive plausibility is a powerful defense against
empirical evidence, especially when the counter-evidence is statistical and abstract while the myth
is concrete and personally resonant (Dekker et al., 2012; Bresnahan, Peterson & Hattan, 2024).

Communication failures. Researchers publish in journals that practitioners do not read, using
language that practitioners find inaccessible. The translation layer — from research findings
to practical recommendations — is thin and underfunded. Weinstein, Madan, and Sumeracki
(2018) demonstrated that this translation is possible, distilling cognitive science into six accessible
strategies, but such efforts remain rare relative to the volume of research produced.

Commercial interests. Learning styles inventories, brain-based learning programs, and ed-
ucational technology products often market themselves using pseudo-scientific language. The
commercial incentive is to sell products, not to advance evidence-based practice.

Researcher incentives. Academic reward structures favor novel findings over replication, theory-
building over practical translation, and publication in prestigious journals over communication
with practitioners.
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11.3 IMPLICATIONS FOR APPLIED PEDAGOGY

11.3 IMPLICATIONS FOR APPLIED PEDAGOGY

Closing the science-practice gap requires action on multiple fronts: better communication from
researchers, better training for practitioners, institutional structures that reward evidence-based
innovation, and resistance to commercial claims that outrun the evidence. For Applied Pedagogy
specifically, the gap represents both a challenge (the curriculum must overcome the same barriers)
and an opportunity (the low bar of current practice means significant improvement is achievable
with well-established findings that are simply not being used).
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CROSS-CUTTING THEME: TECHNOLOGY AND LEARNING

12.1 THE PERENNIAL HYPE CYCLE

Educational technology follows a predictable cycle: a new technology is introduced with extravagant
claims about its transformative potential, enthusiasm drives adoption, research eventually shows
modest or mixed effects, and the technology becomes one tool among many (if it survives at all).
This cycle has played out with radio, television, programmed instruction, personal computers, the
internet, MOOCs, VR, and is currently playing out with generative AL

The evidence consistently shows that technology is a delivery mechanism, not a pedagogy. The
same principles of effective instruction apply regardless of delivery medium: manage cognitive
load, provide opportunities for retrieval practice, give timely feedback, scaffold appropriately.
Technology can make some of these principles easier to implement at scale, but it cannot substitute
for them. A poorly designed lesson delivered via cutting-edge VR is still a poorly designed lesson
— and, as Makransky, Terkildsen, and Mayer (2017) showed, may actually be worse than the same
lesson delivered via a desktop computer, because the VR technology itself consumes cognitive
resources.

12.2 WHAT TECHNOLOGY CAN AND CANNOT DO

Technology can deliver spaced repetition at scale — applications like Anki and Duolingo im-
plement spacing algorithms that would be impractical for a human teacher to manage across
hundreds of items for each student. Technology can provide immediate, task-level feedback on
well-structured problems — mathematics, programming, language grammar — where correctness
can be algorithmically determined. Technology can personalize pacing, allowing learners to move
through material at their own speed. Technology can make information accessible that would
otherwise require expensive or dangerous physical equipment — virtual labs, historical simulations,
remote collaboration.

Technology does poorly at motivating learners who are not already motivated — the medium
is not the message. Technology does poorly at providing nuanced, process-level feedback that
requires understanding the learner’s thinking, not just their answers. Technology does poorly at
replacing the social and relational aspects of learning — mentoring, role modeling, collaborative
meaning-making — though it can supplement them.

12.3 AIIN EDUCATION: THE CURRENT MOMENT

The history of Al in education stretches from early intelligent tutoring systems through adaptive
learning platforms to the current generation of large language models. Zawacki-Richter et al. (2019)
— a paper with over 4,300 citations — found that Al research in education has been dominated
by computer scientists, with educators largely absent from the conversation. This pattern risks
building technically sophisticated tools that violate basic principles of learning science.

The advent of LLMs creates unprecedented opportunities and unprecedented risks. On the
opportunity side: LLMs can provide personalized explanations, generate practice problems, offer
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12.3 ATIN EDUCATION: THE CURRENT MOMENT

immediate feedback, and adapt to individual learners in ways that were previously impossible
outside one-on-one tutoring. On the risk side: LLMs can do the thinking for students rather than
prompting students to think; they can provide answers without developing understanding; they
can give confidently wrong feedback; and they can reduce the productive struggle that is central to
learning.

Stamper, Xiao, and Hou (2024) argued that decades of ITS research should inform LLM-based
educational tools. Effective tutoring — whether human or automated — involves specific, process-
focused feedback; scaffolding that fades as competence grows; and attention to metacognition and
motivation, not just correct answers. Deploying an LLM as a tutor without incorporating these
principles risks creating an engaging but pedagogically shallow tool.

For Applied Pedagogy, the question is not “should we use AI?” but “how can Al be used in ways
that are consistent with what we know about effective learning?” The answer will require inte-
grating cognitive science (manage load), motivation theory (support autonomy and competence),
assessment principles (provide formative, process-focused feedback), and instructional design
(scaffold, fade, and adapt to expertise).
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CROSS-CUTTING THEME: THE REPLICATION CRISIS

13.1 WHAT HAS HELD UP

Several findings central to this survey have strong replication records:

The testing effect has been replicated extensively across ages, materials, and contexts. It is one
of the most robust findings in the science of learning. The spacing effect has been replicated
continuously since Ebbinghaus first demonstrated it in 1885 — over 140 years of consistent
evidence. Cognitive load effects — the worked example, split-attention, redundancy, and modality
effects — have been replicated broadly, particularly for novice learners in well-structured domains.
The ineffectiveness of learning styles matching is supported by a strong debunking consensus; no
well-designed study has found that matching instruction to preferred sensory modality improves
outcomes (Newton, 2015). SDT’s basic psychological needs have been replicated across dozens of
countries and educational contexts. The power of formative assessment has been confirmed in
multiple meta-analyses and large-scale implementations.

13.2 WHAT HAS NOT HELD UP ORIS CONTESTED

Growth mindset stands as the most prominent contested finding. The original large effects have not
been replicated. The best available evidence (Yeager et al., 2019) shows modest, context-dependent
effects for a specific subpopulation. Multiple non-replications exist (Li & Bates, 2019; 2020).

“Grit” faces concerns about discriminant validity — does it measure something distinct from
conscientiousness? — and limited predictive power beyond existing personality constructs.

Brain-based learning claims persist in education despite being largely unsupported by neu-
roscience. The neuromyths literature (Dekker et al., 2012) shows that teachers’ knowledge of
neuroscience is poor and does not protect against belief in pseudoscientific claims.

The 10,000 hour rule — Gladwell’s popularization of Ericsson’s deliberate practice research —
overstated the evidence considerably. Macnamara and Maitra (2019) found that deliberate practice
accounts for a smaller proportion of performance variance than Ericsson originally claimed, and
that the relationship varies dramatically across domains.

Hattie’s effect size rankings, while individually based on published meta-analyses, produce
misleading precision when aggregated and ranked. The methodology has been questioned, and
the rankings should not be treated as definitive.

13.3 THE META-LESSON

The replication crisis teaches a meta-lesson that this lab must internalize: popularity is not validity.
The most widely cited finding is not necessarily the most reliable one. Commercial appeal can
keep debunked ideas alive long after the evidence has turned against them. And initial reports of
large effects — especially from small-sample studies — should be treated with skepticism until
they are replicated in larger, pre-registered studies with independent data analysis.

The labs commitment to “we don’t know” as a valid finding, to confidence ratings on every
source, and to active checking for replication failures is not just methodological hygiene — it is
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a bulwark against the field’s persistent tendency to promote insufficiently supported claims as
established fact.



Part IV

SYNTHESIS



CONVERGENCES: WHERE THE DOMAINS AGREE

Despite the fragmentation of the field, several deep convergences emerge across domains.

14.1 ACTIVE PROCESSING IS ESSENTIAL

Cognitive science (retrieval practice, elaboration, self-explanation), developmental psychology
(Piaget’s constructivism — the child as active constructor of knowledge), instructional design
(the ICAP framework, problem-based learning), and sociocultural theory (legitimate peripheral
participation, knowledge building) all converge on the principle that learners must actively process
material, not passively receive it. But “active” must be defined carefully. Highlighting is “active” in
the sense of being a physical action, but it is low on the ICAP hierarchy because it does not require
generative processing. The consensus is that learning requires the learner to generate, transform,
or apply knowledge — not merely encounter or manipulate it.

14.2 FEEDBACK IS NON-NEGOTIABLE

Cognitive science (the testing effect reveals knowledge gaps), assessment research (Black & Wil-
iam’s meta-review), motivation theory (competence need requires information about effectiveness),
instructional design (formative evaluation as a design principle), and even developmental psychol-
ogy (Vygotskian scaffolding requires knowing the learner’s current level) all point to the centrality
of feedback. Learning without feedback is like navigation without instruments — possible, but
slow, unreliable, and prone to going oft course.

14.3 CONTEXT AND PRIOR KNOWLEDGE MATTER ENORMOUSLY

The expertise reversal effect (cognitive science), the ZPD (developmental psychology), SDT’s
emphasis on calibrating challenge to ability (motivation theory), the situated cognition perspective
(sociocultural theory), and the hidden curriculum concept (institutional analysis) all agree that
there is no universally optimal instructional approach. What works depends on who the learner
is, what they already know, the social context in which they are learning, and what institutional
structures surround them. This is both the field’s deepest insight and its most inconvenient finding
for anyone designing one-size-fits-all educational programs.

14.4 INSTITUTIONS SHAPE LEARNING AS MUCH ASINSTRUCTION DOES

The hidden curriculum (Hafferty, 1998), the grammar of schooling (Tyack & Cuban, 1995), socio-
cultural theory’s emphasis on learning-in-context, and Illich’s critique of institutional education
all point to the same conclusion: understanding educational outcomes requires looking beyond
instructional methods to the institutional environment — its norms, incentives, social structures,
and assessment systems. A well-designed lesson in an ill-designed institution will be overwhelmed
by the institutional logic. The medium is part of the message.
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TENSIONS: WHERE THE DOMAINS DISAGREE

15.1 INDIVIDUAL COGNITION VERSUS SOCIAL PARTICIPATION

Cognitive science treats the individual mind as the locus of learning — schema construction,
memory encoding, cognitive load are all properties of individual brains. Sociocultural theory treats
the community of practice as the locus — knowledge is distributed, meaning is co-constructed, and
learning is a change in participation rather than a change in mental representations. These are not
merely different levels of analysis; they sometimes lead to contradictory prescriptions. Cognitive
load theory suggests simplifying the learning environment to reduce extraneous processing —
remove distractions, isolate elements, sequence carefully. Situated cognition suggests immersing
learners in authentic, complex environments — because that is where meaning resides and where
the skills being learned will actually be used.

The resolution may lie in time and sequence: simplify early (when schemas are forming and
working memory is the bottleneck), complexify later (when schemas are robust enough to handle
authentic complexity without overwhelming working memory). But this resolution is speculative
and needs systematic empirical testing.

15.2 EFFICIENCY VERSUS DEPTH

Direct instruction maximizes efficiency of knowledge transmission. Problem-based learning prior-
itizes depth of understanding, metacognitive development, and the capacity to apply knowledge in
novel contexts. These may not be the same goal, and optimizing for one may genuinely compromise
the other. A student who has efficiently learned a large number of facts may not have developed the
ability to use them flexibly. A student who has spent weeks on a single deep project may have rich
understanding of one topic but gaps in others. The field has not fully reckoned with the possibility
that there may be genuine tradeofls between efficiency and depth — not just a continuum with an
optimal balance point, but a real tension that must be managed, not resolved.

15.3 UNIVERSAL PRINCIPLES VERSUS CONTEXTUAL SENSITIVITY

Cognitive load theory aspires to universal principles of instructional design grounded in invariant
features of human cognitive architecture — working memory limitations are a biological fact, not
a cultural construction. Sociocultural theory insists that learning is always situated, culturally
mediated, and context-dependent — the meaning of a mathematical equation depends on the
community in which it is learned and used. Both are right, but about different things. The archi-
tecture is universal; its expression in learning outcomes is always contextual. The challenge for
curriculum design is honoring both: applying universal cognitive principles through culturally
and contextually sensitive implementation.

Most of the foundational research surveyed here was conducted with Western, educated, in-
dustrialized, rich, and democratic (WEIRD) populations. SDT has been partially replicated cross-
culturally, but the relative weighting of the three basic needs may vary — some evidence suggests
that relatedness is weighted more heavily in collectivist cultures, while autonomy is weighted more
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15.4 THE TRANSFER PUZZLE

heavily in individualist ones, though the basic need structure appears to hold across cultures (Deci
& Ryan, 2017). CLT’s basic principles should be universal, since they rest on biological properties
of working memory, but their instructional implications are culturally mediated — what counts
as “extraneous” load may depend on cultural expectations about learning. The WEIRD problem
is a genuine limitation of the evidence base, not merely a theoretical concern, and it should be a
cross-cutting consideration for all subsequent investigations.

154 THE TRANSFER PUZZLE

Perhaps the deepest tension in the field concerns transfer — the ability to apply knowledge learned
in one context to a different context. Transfer is what most people mean when they say they want
education to produce “thinkers” rather than “test-takers.” Near transfer — applying learning to
similar tasks in similar contexts — is reasonably well documented. Far transfer — applying learned
principles in genuinely novel contexts — is the holy grail of education research: universally desired,
poorly understood, and perhaps inherently limited.

Cognitive science suggests that transfer depends on the learner perceiving structural similarity
between the learning context and the transfer context, which in turn depends on having schemas
that capture the deep structure rather than the surface features of a problem. This is what makes
interleaving effective: it forces learners to attend to structural features rather than surface cues.
But the gap between laboratory demonstrations of near transfer and the kind of far transfer
that education aspires to (learn critical thinking in history class, apply it to evaluating political
arguments) remains enormous. Many interventions that appear to improve reasoning in one
context fail to transfer to other contexts. “Teaching critical thinking as a general skill” lacks strong
evidence.

Sociocultural theory offers a different perspective: transfer failures may reflect the situated
nature of knowledge. If knowledge is always bound up with the social and material context in
which it was learned, expecting it to “transfer” to a radically different context may be asking the
wrong question. Instead of training general cognitive skills that transfer broadly, we might be
better oft embedding learners in multiple authentic contexts where they develop context-specific
competence. This is unsatisfying — it suggests that education cannot produce general thinkers,
only people with experience in many domains — but it may be closer to the truth than the transfer
optimism that pervades educational rhetoric.

The practical implication is sobering: if far transfer is inherently limited, then curriculum design
must either accept this limitation (and provide experience in many domains rather than hoping
a few domains will generalize) or find ways to make transfer more likely (by explicitly teaching
for structural similarity, by using varied examples, by requiring learners to articulate the abstract
principles underlying specific cases). Both strategies have some support; neither has been shown
to produce reliable far transfer in rigorous studies. This is one of the field’s most important open
questions, and Level 1 investigations should treat it as a high priority.

15.5 DELIBERATE PRACTICE AND ITS LIMITS

The relationship between practice and expertise creates a tension that cuts across cognitive science,
motivation theory, and educational philosophy. Ericsson (2004) demonstrated that expertise in well-
defined domains requires sustained “deliberate practice” — not just any practice, but purposeful
practice aimed at improving specific aspects of performance, with immediate feedback, at the edge
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15.5 DELIBERATE PRACTICE AND ITS LIMITS

of one’s current ability. This framework has been enormously influential, both in research and in
popular culture through Gladwell’s “10,000 hour rule”

But the framework has significant limitations. Macnamara and Maitra (2019) found that delib-
erate practice accounts for a smaller proportion of performance variance than Ericsson originally
claimed, and that the relationship varies dramatically across domains — deliberate practice ex-
plains more variance in music and games than in education or professions. The 10,000 hour rule
was always an oversimplification of a nuanced finding. And the framework was developed to
explain expert performance in well-defined domains (music, chess, sports, medicine), not ordinary
learning in general education. What “deliberate practice” means for a seven-year-old learning to
read, or a teenager studying history, is much less clear than what it means for a violinist perfecting
a concerto.

The tension is between efficiency and motivation. Deliberate practice is effortful and often
unpleasant — by definition, it targets weaknesses, not strengths. SDT suggests that sustained
motivation requires autonomy, competence, and relatedness. Deliberate practice can support the
sense of growing competence, but its structure (externally defined goals, expert-directed feedback,
repetitive focus on weaknesses) can undermine autonomy if not carefully managed. The challenge
for curriculum design is engineering conditions in which the effortful engagement that produces
learning feels worthwhile and self-endorsed rather than punishing — a challenge that requires
integrating cognitive science (what kind of practice produces learning), motivation theory (what
sustains the will to practice), and instructional design (how to structure practice experiences).
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CLOSING ASSESSMENT: WHAT WE KNOW, WHATWEDON’T, AND
WHERE TOLOOK NEXT

16.1

WHAT WE KNOW WELL

Humanity has strong, well-replicated knowledge in several areas:

16.2

. Working memory is limited; long-term memory is the goal. Instructional design must

manage cognitive load to support schema construction. This is as close to a law of learning
as the field possesses.

. Retrieval practice, spacing, and interleaving are highly effective learning strategies. These

are among the most actionable findings in all of psychology. They are easy to implement,
work across ages and domains, and cost nothing.

. Formative assessment and specific, process-focused feedback improve learning. The evi-

dence is strong and the practical prescriptions (Nicol & Macfarlane-Dick, 2006) are clear.

Autonomy, competence, and relatedness support motivation. SDT provides a well-validated
framework for designing motivating learning environments.

. What works for novices differs from what works for experts. The expertise reversal effect

means adaptive instruction is not a luxury but a necessity.

Institutions resist change through structural grammar, not just opposition. The grammar
of schooling explains why good ideas fail to be implemented.

Many popular beliefs about learning are wrong. Learning styles, brain hemispheric domi-
nance, the cone of experience, and the 10,000 hour rule are myths or oversimplifications.

WHAT WE KNOW POORLY

Several important areas have thin or contested evidence:

. How to promote far transfer. Near transfer is reasonably well understood. Far transfer —

applying learned principles in genuinely novel contexts — remains the holy grail of education
research: universally desired, poorly understood, and perhaps inherently limited.

How alternative education models compare. The research base for homeschooling, un-
schooling, democratic schooling, and apprenticeship models is extremely thin.

. How neuroscience translates to classroom practice. The brain-to-classroom bridge is

narrow and crowded with myths.

How to sustain motivation over years. SDT describes conditions for motivation at a given
moment; we know much less about motivational trajectories across years of education.
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16.3 THE BIGGEST UNANSWERED QUESTIONS

5. How to design effective competency-based progression. The idea is compelling; the imple-
mentation research is sparse.

6. How Al should be integrated into education. The technology is advancing faster than the
research. We risk deploying tools at scale without understanding their effects.

7. How to teach effectively in ill-structured domains. Cognitive load theory’s prescriptions
are clearest for well-structured knowledge; they become ambiguous for creative, ethical, and
open-ended learning.

16.3 THE BIGGEST UNANSWERED QUESTIONS

Five questions emerge from this survey as the most important open problems in the science of
learning. They deserve explicit statement because they should orient subsequent investigation.

First: How do we reliably produce far transfer? This is the question that most educational
rhetoric assumes has been answered and that the research suggests has not. If education cannot
reliably produce the ability to apply learned principles in genuinely novel contexts, then the entire
enterprise needs to be reconceived — not as developing “general thinking skills” but as building
extensive, contextually embedded expertise across many domains. The stakes of this question are
high and the evidence is thin.

Second: How should cognitive and sociocultural approaches be integrated? The two dominant
paradigms in learning science — individual cognitive processing and social participation in
communities of practice — have developed largely in isolation from each other. A curriculum that
manages cognitive load for individual learning AND embeds learners in authentic communities
of practice AND calibrates challenge to individual readiness would capture more of the evidence
than either approach alone. This integration is the great untried experiment of learning science.
Nobody has built it at scale. Nobody has studied it rigorously. It should be a priority.

Third: How should education respond to AI? Large language models can now perform many
cognitive tasks that education traditionally aimed to develop — summarizing, analyzing, writing,
translating, calculating, even coding. If AT can do these things, what should humans learn? The
question is not merely practical; it is philosophical. If we accept the capabilities approach, then
education should develop capabilities that enable human flourishing — and the capabilities that
matter when AI can handle routine cognitive work may be very different from those that mat-
tered before. Creativity, judgment, ethical reasoning, interpersonal understanding, physical skill,
emotional regulation, and the ability to ask the right questions (as opposed to producing the right
answers) may become more central to education, not less. But the evidence base for teaching these
capabilities is precisely the area where learning science is weakest — the ill-structured domains
where cognitive load theory’s prescriptions are least clear.

Fourth: Why do some learners thrive in alternative educational models while others struggle?
The research on alternative education is thin, but the phenomenon is real: some students flourish
with unstructured, self-directed learning while others flounder. The moderating variables — prior
knowledge, self-regulation capacity, family support, intrinsic motivation, executive function devel-
opment — are easy to speculate about but difficult to study without the kind of controlled research
that alternative education’s self-selected populations make nearly impossible. Understanding these
moderators is essential for any organization, like Applied Pedagogy, that aims to design education
outside conventional institutional structures.

Fifth: How do we close the science-practice gap at scale? Individual teachers can learn about
retrieval practice and start using it tomorrow. But systemic change — reforming assessment
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systems, restructuring schedules for spacing, redesigning textbooks for interleaving, training all
teachers in formative feedback — requires institutional transformation. The grammar of schooling
resists such transformation. The science-practice gap is not primarily a knowledge gap; it is an
implementation gap, which means it is ultimately an institutional and political problem, not an
information problem. Understanding the mechanisms of institutional change is as important to
improving education as understanding the mechanisms of learning itself.
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CONCLUSION

The science of human learning is far more developed than popular discourse suggests and far
less developed than we need it to be. We know enough to substantially improve educational
practice — the evidence for retrieval practice, spacing, formative feedback, autonomy support, and
cognitively managed instruction is strong and actionable. These are not tentative suggestions but
robust findings that have been replicated across populations, contexts, and decades. The failure to
implement them is not a knowledge failure; it is an institutional, political, and communication
failure.

At the same time, we do not know enough to resolve the deepest questions: how to produce
far transfer, how to sustain motivation over years of schooling, how to design institutions that
support learning rather than impeding it, how to integrate cognitive and sociocultural approaches,
and how to educate for a future that Al is making radically uncertain. These are not peripheral
curiosities; they are central to the enterprise of education, and the field’s inability to answer them
is a limitation that honesty demands we acknowledge.

This survey has drawn the coastline. It has identified where the ground is solid (cognitive
foundations of memory and attention, assessment and feedback, motivation fundamentals via
SDT), where it is contested (the direct instruction versus inquiry debate, growth mindset, the
neuroscience-education bridge, deliberate practice’s scope), and where it is largely unexplored
(alternative education models, far transfer mechanisms, Al integration, sociocultural-cognitive
integration). The harbors — the detailed investigations of each domain — await the Level 1 agents.

The most productive subsequent investigations will be those that focus not only within domains
but at the intersections between them. Cognition and motivation: how does cognitive load interact
with motivational state? Does high extraneous load deplete motivational resources, or are they
independent? Assessment and self-regulation: how does formative feedback practice develop
metacognition? Can assessment systems be designed that simultaneously support learning and
accountability without destroying intrinsic motivation? Technology and institutional design: can
technology circumvent the grammar of schooling by enabling competency-based progression,
adaptive challenge, and spaced practice within existing institutional constraints? Philosophy and
practice: what does a capabilities-oriented curriculum actually look like — not in the abstract, but
in the specific choices about what to teach, how to teach it, and what to assess?

The pieces of the puzzle exist. They are scattered across disciplines that rarely talk to each
other, buried in journals that practitioners never read, and sometimes obscured by myths that
refuse to die. Assembling them — not in the abstract but in a concrete curriculum that serves
real learners — is the work ahead. It is work that no single discipline can do alone, because the
problem of education is simultaneously cognitive, social, motivational, institutional, philosophical,
and technological. The fragmentation of the field is not merely an academic inconvenience; it is
the primary obstacle to progress. Any organization serious about redesigning education must be
willing to read across disciplinary boundaries, integrate perspectives that are usually siloed, and
hold itself accountable to evidence rather than ideology or tradition.

Applied Pedagogy has the advantage of starting without institutional legacy. There is no grammar
of schooling to resist change, no tenured faculty to protect their methods, no standardized tests
driving the curriculum. This freedom is also a risk: without the discipline of institutional constraint,
it is easy to build something elegant that does not work. The map drawn here is meant to reduce
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that risk — to ensure that whatever is built rests on the strongest available evidence, acknowledges
the genuine uncertainties, and resists the temptation to fill gaps in knowledge with enthusiasm.
Lo-001v2 — Full-Field Survey. Completed 2026-03-01.
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