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Your attention please – Turn off your WMDs*

* Weapons of
Mass Distraction
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What’s Good Education? 

Effective
(result)

Efficiënt
(investment)

Enjoyable
(satisfying)
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Good learning depends on…
• how the student studies (study strategy)
• how the teacher teaches (instructional strategy)
• how a curriculum is set up (school- and lessons)
• nature of the student (personality)
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• Change in longterm memory
• Stable
• Result of cognitive processing of information
• First create a network of neurons, then (re)activate that 

network

Learning
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Poor Proxies for Learning
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Without an understanding of human 
cognitive architecture, instruction is blind

John Sweller at ACE Conference / researchED - Melbourne 2017 
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The Science
• Information processing / Cognitive architecture (CLT)
• Desirable difficulties
• Generative learning strategies
• Testing and feedback
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• Change in longterm memory
• Stable
• Result of cognitive processing of information
• First create a network of neurons, then (re)activate that 

network

Learning
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Sensory
memory

1-3 sec

Short-term 
memory

3-20 sec / 
± 5 items

Long-term
memory

unlimited

Select
Organise/
IntegrateStimuli

Rehearse

Forget Forget

Atkinson & Shiffrin

Remember/ 
Recall
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Sensory
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Working
memory
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Phonological 
loop

Forget

Baddeley & Hitch
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Sensory 
memory

Working 
memory
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memory
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• No processing = No learning
• Shallow processing = Shallow learning
• Deep processing = Deep learning
• More and more different processing = Better learning & 

retention

Processing: Storage + Retrieval
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• Learning is sense-making
“…the mind…is not a passive consumer of information, …it 
actively constructs its own interpretations of information and 
draws inferences on them.” (Wittrock, 1989)

• Improve learning via: 
• instruction
• learning/study strategies

• Cognitively active processing

Learning as a Generative Activity



@P_A_Kirschner

Study strategy
1. Elaborative interrogation

Dunlosky, J., Rawson, K. A., Marsh, E. J., Nathan, M. J., 
& Willingham, D. T. (2013). Improving students’ 
learning with effective learning techniques: Promising 
directions from cognitive and educational psychology. 
Psychological Science in the Public Interest, 14, 4-58. 

2. Self-explanation
3. Summarisation
4. Marking / Underlining
5. Keyword mnemonic
6. Imagery
7. Rereading
8. Practise testing
9. Distributed practice
10. Interleaved practice
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Study strategy Description: The learner
1. Elaborative interrogation …generates an explanation for why something is true
2. Self-explanation …explains how the solution was reached / how the new 

information relates to what is already known
3. Summarisation …summarises the text
4. Marking / Underlining …marks or underlines the most important facets while reading 

the text
5. Keyword mnemonic …thinks up keywords and mental imagery to associate verbal 

materials
6. Imagery …tries to form mental images of text materials while reading or 

listening
7. Rereading …reads the text a number of times
8. Practise testing …tests themself or takes practice tests over to-be-learned 

material
9. Distributed practice …implements a schedule of practice spreads out over time
10. Interleaved practice ...varies the practise order during study
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Study strategy Utility Different types of learners Different types of materials Different types of tasks

1. Elaborative 
interrogation

moderate good, more evidence needed good insufficient evidence

2. Self-
explanation

moderate good, more evidence needed good good, more evidence needed

3. Summarisation low sometimes yes, sometimes 
no

good, more evidence needed sometimes yes, sometimes 
no

4. Marking / 
Underlining

low sometimes yes, sometimes 
no

sometimes yes, sometimes 
no

poor

5. Keyword 
mnemonic

low sometimes yes, sometimes 
no

sometimes yes, sometimes 
no

sometimes yes, sometimes 
no

6. Imagery low sometimes yes, sometimes 
no

sometimes yes, sometimes 
no

sometimes yes, sometimes 
no

7. Rereading low insufficient evidence sometimes yes, sometimes 
no

sometimes yes, sometimes 
no

8. Practise testing high good, more evidence needed good good

9. Distributed 
practice

high good, more evidence needed good good, more evidence needed

10. Interleaved 
practice

moderate sometimes yes, sometimes 
no

sometimes yes, sometimes 
no

good, more evidence needed
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Study strategy Utility Different types of learners Different types of materials Different types of tasks

1. Elaborative 
interrogation

moderate good, more evidence needed good insufficient evidence

2. Self-
explanation

moderate good, more evidence needed good good, more evidence needed

3. Summarisation low sometimes yes, sometimes 
no

good, more evidence needed sometimes yes, sometimes 
no

4. Marking / 
Underlining

low sometimes yes, sometimes 
no

sometimes yes,. sometimes 
no
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5. Keyword 
mnemonic

low sometimes yes, sometimes 
no

sometimes yes, sometimes 
no

sometimes yes, sometimes 
no

6. Imagery low sometimes yes, sometimes 
no

sometimes yes, sometimes 
no

sometime yes. sometimes no

7. Rereading low insufficient evidence sometimes yes, sometimes 
no

sometimes yes, sometimes 
no

8. Practise testing high good, more evidence needed good good

9. Distributed 
practice

high good, more evidence needed good good, more evidence needed

10. Interleaved 
practice

moderate sometimes yes, sometimes 
no

sometime yes. sometimes no good, more evidence needed
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Bjork, R. A. (1994). Memory and metamemory considerations in 
the training of human beings. In J. Metcalfe and A. Shimamura
(Eds.), Metacognition: Knowing about knowing (pp.185-205). MIT 
Press.

Bjork, R. A. (1994). Institutional impediments to effective training. 
In D. Druckman and R. A. Bjork (Eds.), Learning, remembering, 
believing: Enhancing individual and team performance. (pp.295-
306). National Academy Press.

Desirable Difficulties
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A learning task or study strategy that requires a 
considerable but desirable amount of effort, thereby 

improving long-term performance.

Desirable Difficulties
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• Spaced practice – Hermann Ebbinghaus / Doug Rohrer 

Desirable Difficulties
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Spreading Learning Moments
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https://thinkedu.net/blog/the-forgetting-
curve-interleaving-vs-blocking/
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Spreading Learning Moments
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Vocabulary
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• Spaced practice – Hermann Ebbinghaus / Doug Rohrer 
• Practice testing – Jeffrey Karpicke

Desirable Difficulties
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Practice Testing
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Practice Testing
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Practice Testing
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Roediger & 
Karpicke (2006)
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https://emc2andallthat.wordpress.com/

Cornell versus Ebbinghaus

Gethyn Jones

https://emc2andallthat.wordpress.com/2020/08/26/cornell-versus-ebbinghaus/
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Kate Jones
https://lovetoteach87.com/
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• Spaced practice – Hermann Ebbinghaus / Doug Rohrer 
• Practice testing – Jeffrey Karpicke
• Interleaving – Henry Roediger / Jeroen van Merriënboer 

& Paul Kirschner

Desirable Difficulties
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Massed Practice

Interleaved Practice
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(Taylor & Rohrer, 2010)
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Fiorella, L., & Mayer, R. E. (2015). Learning as a generative activity: 
Eight learning strategies that promote understanding. Cambridge 
University Press.

Brod, G. (2021) Generative learning: Which strategies for what 
age? Educational Psychology Review, 33, 1295–1318. 

Generative Learning Strategies
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Asks students to actively reorganise the learning material 
and integrate it with their prior knowledge.
Prompts students to produce something meaningful 
beyond the information provided.
Not just about being engaged with the learning material.

Generative Learning Strategies
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Generative learning strategies require students to make 
sense of new information by selecting important 
information, reorganising and integrating the newly 
acquired information with what is already known. 

Generative Learning Strategies
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Sensory
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• Summarise – main points (short) in own words
• Map – written/spoken text in a spatial representation
• Draw – visual representation of the contents
• Imagine – mental image of the contents
• Self-test - retrieval-based learning
• Self-explain – explain the content to yourself
• Teach – explain to a (fictitious) other
• Enact – task-relevant movements

Fiorella & Mayer

Fiorella, L., & Mayer, R. E. (2015). Learning as a generative activity: Eight learning strategies that 
promote understanding. Cambridge University Press.
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Summarising
Distilling the most important information from a source and 
reformulating it in one’s own words
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Mapping
Distilling the most important concepts from an information 
source and organising them so that the (inter)relationships are 
visually clear via graphical connections, often lines or arrows
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Concept map Mind map
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Drawing
Converting textual material (verbal information) into the form of a 
drawing (visual information)
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Imagining

Consciously forming a mental image of the information read or 
listened to
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Self-testing

Trying to recall something one has learnt (i.e., from long-term 
memory) by testing oneself about it
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Self-explaining

Generating explanations (i.e. explaining something) during learning 
so that relevant prior knowledge is activated and integrating and 
organising the new information becomes easier.
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Teaching

Explaining the subject matter studied to someone else (real or 
fictional)

Class Expert group New group
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Enacting

Manipulating objects or performing task-relevant movements or 
gestures related to what one is trying to learn
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• Summarise – main points (short) in own words
• Map – written/spoken text in a spatial representation
• Draw – visual representation of the contents
• Imagine – mental image of the contents
• Self-test - retrieval-based learning
• Self-explain – explain the content to yourself
• Teach – explain to a (fictitious) other
• Enact – task-relevant movements

Fiorella & Mayer

Fiorella, L., & Mayer, R. E. (2015). Learning as a generative activity: Eight learning strategies that 
promote understanding. Cambridge University Press.
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• Concept mapping
• Explaining
• Predicting
• Questioning
• Testing
• Drawing

Brod

Brod, G. (2021). Generative learning: Which strategies for what age? 
Educational Psychology Review, 33(4), 1295-1318. 
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