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Thinking critically about cognitive science in education



Cognitive Science

Multidisciplinary study of the 

mind

Developed in the mid 

Twentieth Century to study the 

mechanisms of the mind

Psychology, neuroscience, 

computational modelling, 

linguistics, philosophy, 

genetics, education…



Cognitive Science and measurement 

Describing, measuring and creating theory to 

explain phenomena 

The instruments we measure with define what is 

being measured

Inventing temperature – measured by our 

human senses and thermometers 

The average kinetic energy of the particles in an 

object. When temperature increases, the motion 

of these particles also increases.



The uneasy relationship between science and education

What is the role of science?

What is the role of education?

How well do their aims align?



What are we measuring in education?

“What gets measured, gets done”

A shift from measuring knowledge and skills with a mix of short 

examinations and long coursework project to predominantly 

examinations 

Would you employ someone for a project management role who 

has no project management experience? Why not?

Has this impacted how we define learning? 



Cognitive Science in education

Relates to a select set of 

phenomena and strategies

- Cognitive load

- Retrieval practice

- Spaced practice

- Interleaving 

- Dual coding  

Many of which are now 

mandated in statutory 

teaching frameworks



Cognitive Science in education



Cognitive Science in education



What does this mean?

Get rid of cognitive science in education!

Nothing to see here! Everything is fine!

How can we think about when and where to apply these 

strategies in education? 



Thinking critically about cognitive science

Evaluating claims:

- What they mean

- The assumptions they are based on

- The evidence for them

- Their skilful application 

In education:

- Do the theories represent the scientific truth about learning?

- Where are their strengths and weaknesses?

- How can apply them? 

- What conditions impact the efficacy of these strategies?



Thinking critically about cognitive load theory

What are CLT’s strengths and weaknesses?

What can these tell us about why somethings work in some 

contexts and not in others?



A learning framework that provides instructional guidance 

based on a model of cognition 

Guidance is based on constraints the cognitive system 

places on learning 

• Memory systems

• Development

Sweller, Ayres & Kalyuga (2011)

Sweller, Van Merrienboer & Paas (2019)

Cognitive load theory



Thinking critically about cognitive load theory



Cognitive Load Theory - guidance on supporting learning 
– what they can do 

Do not give children too much to think about or do at once

Scaffold learning tasks

Model novel tasks

Reduce distractions 



“Based on Geary’s distinction between biologically primary and secondary knowledge 

(Geary 2008, 2012; Geary and Berch 2016)…

Biologically primary knowledge is knowledge that we have evolved to acquire over 

countless generations. That category of knowledge tends to be critically important to 

humans providing, as examples, knowledge that allows us to listen and speak, 

recognise faces, engage in basic social functions, solve unfamiliar problems, transfer 

previously acquired knowledge to novel situations, make plans for future events that 

may or may not happen, or regulate our thought processes to correspond to our 

current environment… 

Humans must learn to engage in these very complex cognitive activities but because of 

their importance, we have evolved to acquire the necessary skills effortlessly and 

automatically. Consequently, they cannot be taught to most people.”

Sweller, Van Merrienboer & Paas (2019)

Cognitive Load Theory – what children cannot do 



“The long developmental period of humans argues against the position that any 

inherent features of these cognitive modules and associated behaviours are immutable 

(Mayr, 1974). Rather, there is a core set of cognitive competencies, but the associated 

phenotypes are modifiable by experiences, that is, these competencies emerge by 

means of epigenetic processes.”

Geary (2000)

Geary’s evolutionary theory of development



“Learning… is defined as a change in long-term memory.”

Kirschner, Sweller and Clark (2006)

The role of the teacher is to facilitate the process of 

transferring information from working memory to long-term 

memory



Cognitive Load Theory and executive functions



“The cognitive architecture used by cognitive load theory does not postulate nor need 

an independent central executive (Sweller, 2003). A central executive is a structure that 

organises and controls cognitive processes… 

…It can be argued that there is no conceivable central executive, apart from long-term 

memory, in the human cognitive system. Nevertheless, central executives are 

postulated in cognitive theories, with Baddeley’s (1992) working memory theory 

providing the best example. We argue that an independent central executive 

dissociated from knowledge held in long-term memory results in an infinite regress of 

central executives… 

The problem is eliminated by assuming that knowledge in long-term memory acts as a 

de facto central executive with both the borrowing and reorganising and the 

randomness as genesis principles explaining how knowledge is acquired.”

Sweller, Ayres & Kalyuga (2011)

Cognitive Load Theory and executive functions



Executive functions

Executive functions:

- Inhibitory control

- Task switching 

(cognitive 

flexibility)

- Working memory 

All are associated 

with educational 

achievement 



Executive functions 

Working memory development



Executive functions 

Inhibitory control development



Executive functions – why is this important? 

Important for children’s ability to engage with classroom 

activities

There are significant developmental and individual differences in 

children’s executive function skills

Development carries on into early adulthood

They are skills – skills need practice

Provide an explanation as to why some cognitive science 

strategies work in some contexts and not in others – E.g., 

worked examples and retrieval practice 



Executive functions 

Working memory development



Executive functions 

Working memory development



Cognitive load theory

What are the strengths and weaknesses?

Strong on providing a range of guidelines to consider when 

teaching:

- Do not give children too much to think about or do at once

- Scaffold learning tasks

- Model novel tasks

- Reduce distractions 

Some of its assumptions are worth thinking about in more detail

- Departs from mainstream cognitive science with regard to 

executive function and development



Cognitive load theory

By thinking critically about CLT, we can arrive at reasons why 

the efficacy of cognitive science strategies can vary 

Children’s ability to learn is not solely dependent on the prior 

knowledge – ability to pay attention, to hold information in WM 

and to switch between tasks impacts their ability to learn and 

engage with cognitive science tasks

There are significant individual and developmental differences in 

children’s executive functions

This can inform how we critically apply cognitive science 

strategies in context 



Cognitive load theory

Does the way we measure learning impact our definition of 

learning?

Can we teach children to plan, reason, transfer knowledge etc?

How does knowing that children vary in their ability to control 

their knowledge and attention, inform using cognitive science 

strategies?

What does expertise mean?


