
Educational neuroscience, neurotechnology, 
and the translation of ‘learning brains’ into 

policy and practice

Ben Williamson | University of Edinburgh

Photo by Karim Ghantous on Unsplash



We used electroencephalography (EEG) to assess cognitive 
load during essay writing … EEG revealed significant 
differences in brain connectivity … While LLMs offer 
immediate convenience, our findings highlight potential 
cognitive costs … LLM users consistently underperformed at 
neural, linguistic, and behavioral levels. 





“Athena transforms real-
time brain activity into 
actionable insights, 
personalized training, and 
measurable progress.…

…It’s powered by Muse’s AI-
driven Foundational Brain 
Model (FBM), which is trained 
on over 80,000 sessions from 
the world’s largest EEG 
database.”



Five types of “neurotechnology” identified in research in education 
(1) measurement of brain structure and function with EEG, fMRI, etc 
(2) neurofeedback for regulating brain activity 
(3) non-invasive brain stimulation
(4) brain–computer interfaces (BCIs) for monitoring and regulating brain activity
(5) neurotechnologies that integrate with AI to analyse or predict outcomes 







1 Neuro-digital translation
• Specific laboratory “setups” of scientific 

procedures, methods and technologies 
“have generated the truths of contemporary 
neuroscience” (Rose and Abi-Rached 2013)

• “Brain facts” are products of “a vast number 
of contributing factors, co-produced by a 
collection of circumstances, social interests 
and institutions” (Slaby and Choudhury 2018)

• The “brain knowledge” generated through 
neuroscientific setups shapes how human 
subjects are understood and treated, and 
how policy and practice proposals are 
formulated as “neurogovernance” 
interventions (Pitts-Taylor 2016; Pickersgill 2023)



• “With the advent of functional imaging  technology, 
cognitive neuroscience is beginning to produce 
important research on the neural foundations of 
cognitive performance” (OECD 2002)

• “Technologies of non-invasive brain scanning and 
imaging are opening up totally new approaches” 
    (OECD 2007)

• “Advancements in neuroimaging techniques from 
1990 to the present, in terms of both measurement 
accuracy and data analysis … began to link 
observable learning in classrooms  to molecular-
level changes in brains” (Tokuhama-Espinosa 2021)

• “New analysis techniques also include machine 
learning algorithms to decode brain activation 
patterns automatically with high accuracy” 
    (van Atteveldt et al 2018)

The informationalization 
of the learning brain



Plasticity
• “Teachers rewire and restructure the brains of others 

in ways that can be as biological and, ultimately, life-
changing as the effects of neurosurgery”  
    (Howard-Jones 2018)

• Neuroplasticity functions as “enabling concept” for 
educational neuroscience, “denoting materiality and 
specificity of learning and teaching in terms of brain 
processes” while also being “vague and open-ended 
enough to encompass and reflect a range of values, 
hopes and anxieties about the character and futures 
of children and youth” (Choudhury and Wannyn 2022)

• Biosocial neurogovernance—interventions designed 
to ameliorate the biological effects of social 
deprivation and poverty on the developing brain 



Synchronicity
• “Hyperscanning” studies investigate “dynamic social 

exchanges rather than one person in isolation … 
where there is a continuous interaction among 
students and between students and teachers” 
     (Janssen et al. 2021)

• Wearable EEG and fNIRS neurotechnologies produce 
real-time, real-world, synchronized data as a “single   
data stream”   (Tan et al 2023)

• Making the neural correlates of social learning and 
cognition legible as “brain-to-brain coupling”,”cross-
brain correlations”, “neurophysiological coordination”, 
“brain wavelet coherence”, “interbrain cognition”, 
“interpersonal neural synchrony”, and “coherence 
between brains”   (Hamilton 2020) 

• Interbrain neurogovernance—interventions to 
improve learning outcomes and performance by 
enhancing student-teacher and student-student brain 
coupling and neural synchronization



Attention
• Educational neurotechnologies are proposed to be able to 

detect and measure student attention, engagement, and 
to monitor learners’ mental and emotional states  
      (Privitera and Du 2022)

• Using EEG neuroimaging to study attention in real-world 
classroom settings to “predict children’s learning success” 
and identify the “different attention brain mechanisms 
[that] underlie educational achievement” (Matusz 2022)

• “Neuro-adaptive learning” systems combining portable 
brain imaging to capture neurophysiological measures of 
attention with artificial intelligence technologies to deliver 
more engaging brain-personalised education  
      (Davidesco et al 2021)

• Attentional neurogovernance—pedagogic interventions 
deploying neurotechnologies to survey, adapt to and 
stimulate the learning brain for enhance engagement and 
attention



Neurocomputation
• “Connectomics,” “neural networks,” “neuro-

simulations” and “brain mapping” of the whole 
learning brain with artificial neural network 
algorithms and (neuro)AI

• Artificial neural networks informationalize and 
model “education-relevant” cognitive abilities 
including the development of reading, numerical 
cognition, executive function, and reward-based 
behaviours   (Thomas and Porayska-Pomsta 2022)

• Probabilistic neurogovernance—the use of brain 
models and simulations to predict probable future 
brain wiring and intervene (with AI applications) to 
improve brain organization associated with 
academic achievement



2 Neuro-policy translation
• Educational neuroscience has 

“advanced owing to the motivation 
among researchers to […] build 
direct bridges between pedagogy 
and what is known about brain 
structure and function from state-
of-the-art technologies […], leading 
to the promise of visualizable, 
objective evidence-based 
recommendations for teaching and 
learning”  (Choudhury and Wannyn 2022)



Coalition building

“Communicating research 
to support the evolution of 
teaching. Learnus is a 
community dedicated to 
bringing educators and 
those who specialize in the 
study of the brain, the 
mind and behaviour 
together in order to use 
the insights gained from 
high quality research to 
improve and enrich 
learning for all”         (Learnus)



School partnerships



Commercialization



Policy influencing “How can we bridge the gap 
between what science tells us 
about learning and what 
happens in classrooms 
every day? … Since 2016, the 
IBE has been working to close 
this gap. Through its science 
of learning knowledge 
brokerage initiative, it 
translates cutting-edge 
research into practical, 
credible knowledge that can 
inform policy, improve 
teaching, and enhance 
learning” (UNESCO IBE 2025)



“Research Centres will produce high-quality, timely, policy-relevant evidence. … The 
Educational Neuroscience Research Centre will help DfE better understand issues 
such as brain development (in both early childhood and adolescence), learning 
processes, mental health, and special educational needs; how this impacts 
pedagogy; and what it means for DfE policy”



Conclusion• Educational neuroscience constructs neuro-
informationalized “brain facts” through investigative 
neurotechnology setups

• The “learning brain” has been translated into a digital 
object of knowledge and attention, propelled as the 
authoritative, objective, neurobiological basis for 
pedagogic interventions

• Neurotechnologies are promoted as translational 
technologies to “bridge the gap” to practice

• The learning brain has become an object of 
neurogovernance—a neurobiological resource to be 
managed, enhanced, optimized for purposes spanning 
pedagogic, commercial and governmental agendas

• How can we work to “bridge the gap” between social and 
neuro scientific understandings of neurotechnologies and 
their potential impact on educational research, teaching 
pedagogies, students and schooling systems? Image from Leiden 

University Libraries
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