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The role of mental simulation in understanding and in creating scientific concepts 

Drawings from Landriscina, F. (2013) Simulation and Learning. A Model Centered  Approach. NY, New York,  Springer. 

 

 What is mental simulation? 

 How is mental simulation related to scientific reasoning? 

 What are the implications for learning and instruction? 



Reason for research 
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Student System 

Drawings from Landriscina, F. (2013) Simulation and Learning. A Model Centered  Approach. NY, New York,  Springer. 



Reason for research 
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Student 
Computer 
simulation 

System 

Drawings from Landriscina, F. (2013) Simulation and Learning. A Model Centered  Approach. NY, New York,  Springer. 



Instructional simulation 

ExploreLearning Gizmos™. Web site: 

http://www.ExploreLearning.com.  

The Molecular Workbench software. 

Web site: http://mw2.concord.org. 
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Energy2D simulation program.  

http://energy.concord.org/energy2d  



The simulation loop 
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Computer 
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Drawings from Landriscina, F. (2013) Simulation and Learning. A Model Centered  Approach. NY, New York,  Springer. 



The modeling loop 
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Drawings from Landriscina, F. (2013) Simulation and Learning. A Model Centered  Approach. NY, New York,  Springer. 



Model-Based Learning and Teaching 
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Model-Based Learning and Teaching 
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Drawing  from Landriscina, F. (2013) Simulation and Learning. A Model Centered  Approach. NY, New York,  Springer. 



Mental simulation in cognitive science 
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A psychological definition of mental simulation 
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The re-enactment of perceptual, motor, and introspective states 

acquired during experience with the world, body, and mind  

(Barsalou, 2008) 



Two important properties of mental simulation 

Never completely recreate the original experience, but are always 

partial recreations and can therefore contain biases and errors. 

 

Can be unconscious, as most frequently is the case, or conscious, as 

in the case of imagination. 

The role of mental simulation in understanding and in creating scientific concepts 



Mental imagery vs mental simulation 
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DNA double-helix structure.  

Public Domain image from Wikipedia.it 



Mental imagery vs mental simulation 
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The structure of part of a DNA double helix.  

Public Domain image from Wikipedia 



Mental imagery vs mental simulation 
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DNA replication animation by Interact Medical.  

Youtube:  http://www.youtube.com/watch?v=zdDkiRw1PdU  



Mental imagery vs mental simulation 
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DNA replication animation by Interact Medical.  

Youtube:  http://www.youtube.com/watch?v=zdDkiRw1PdU  



Visual imagination vs mental simulation 

 

 

 

 

 

 

 

 

Mental imagery Mental simulation Visual imagination 

 Piecemeal simulation of the 

events 

 Information both visual or 

otherwise (e.g., force, 

density, taste, kinesthetic 

sensations)  

 Representation of the 

associated motor actions 

 Holistic inspection of a 

mental image of a system 
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Based on Hegarty, 2004 

 



Mental simulation and (nonformal) scientific reasoning  
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Double Helix Staircase: Image from Wikimedia Commons, Author Jef Poskanzer. 

 DNA replication animation by Interact Medical.  

 



Mental simulation and (nonformal) scientific reasoning  
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Double Helix Staircase: Image from Wikimedia Commons, Author Jef Poskanzer. 

 DNA replication animation by Interact Medical.  
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Mental simulation and (nonformal) scientific reasoning  

 

 

 

 

Mental simulation runs into trouble…. 

 When the represented situations are distant from sensorial experience. 

 When a cause manifests its effect only after a longer time interval. 

 When causality becomes circular (A->B->A), as in the case of non-

linear and self-organizing systems . 

 

 

 

 

Moreover… 

 Mental simulation has a strictly qualitative nature, which does not allow 

for the attainment of quantitatively accurate results or for the 

exploration of behavior determined by incremental parameter changes. 
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Mental simulation in cognitive linguistics 

A comprehension mechanism for figurative language and conceptual 

metaphors (Gibbs, 2006) 

YOUR RELATIONSHIP 
WAS MOVING ALONG 

IN THE RIGHT 
DIRECTION 
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The role of language 

Simulation     
system 

Linguistic 
system  

Drawing  from Landriscina, F. (2013) Simulation and Learning. A Model Centered  Approach. NY, New York,  Springer. 

 Graph based on the Language and Situated Simulation (LASS) theory of conceptual processing (Barsalou et al., 2008) 
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Mental simulation vs verbal rules 
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Based on Schwartz & Black, 1996 

Five gears are arranged in a horizontal 

line. If you try to turn the gear on the 

left clockwise, what will the gear on far 

right do? 

“If there is an odd number of gears in a chain, then the first and last 

gears turn the same direction.” (Parity rule) 

Mental simulation can lead to the discovery and formulation of rules. 

Participants knowing verbal rules to infer a movement rely on these 

rather than on simulation, so as to solve the problem more quickly. 



Shallow processing vs deep processing of metaphor 
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According to Ritchie (2008), three processing levels can be 

identified, in function of whether the construction of meaning is 

based on: 

1. linguistic relations among lexical elements 

2. the partial activation of perceptual simulations 

3. the complete activation of the body action simulations  

YOUR RELATIONSHIP 
WAS MOVING ALONG 

IN THE RIGHT 
DIRECTION ? 



Relation with Kahneman’s two modes of thought? 
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• System 1 operates 

automatically and quickly. 

with litte or no effort and no 

sense of voluntary control. 

• System 2 allocates attention 

to the effortful mental 

activities that demand it, 

including complex 

computations. 

Kahneman,  D. (2011). Thinking, Fast and Slow. NY: New York, Farrar, Straus and Giroux, pp. 20-21. 



The role of working memory 
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WM has a limited capacity for maintenance and processing of information 
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Executive functions 
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Updating 

Inhibition 

Shifting 

The ability to keep information 

active in WM and avoid 

distraction 

The ability to deliberately 

inhibit automatic responses 

when necessary 

The ability to switch between 

multiple tasks 

3 basic EFs 



Attention and Imagination 
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Green = The Attentional Control Network 

Red = The Default Mode Network 

Brain image from: Scott Barry Kaufman The Real Neuroscience of Creativity. Scientific American Blogs. August, 19, 2013. 



Mental simulation and cognitive effort 

 

 

 

 

Scientists are more likely to use mental simulation…. 

 Under situation of informational uncertainity, i.e. when the available 

data are unclear or anomalous 

 In periods of radical conceptual change/ 
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 English chemists Michael Faraday and John Frederic Daniell. Public Domain image. 



Mental simulation and cognitive effort 

 

 

 

 

Students are more likely to use mental simulation…. 

 In novel situations for which they have no rule available or when their 

rules are inadequate 

 When the learning task requires that a specific metaphor phrase be 

used for inferences 
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Grounded and embodied learning 

 Construct an adequate mental model of the concept and run 

the corresponding mental simulations 

 Linguistically express the content of mental simulation 

 Compare the outcomes of mental simulation with empirical 

evidence 
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Understand a concept entails the ability to: 



Grounded and embodied instruction 

Instructional design guidelines 

1. Identify the experiential and verbal input that can be 

associated with the concept’s comprehension. 

2. Imagine the possible mental simulations underlying this input. 

3. Devise and design instructional activities that can facilitate 

mental simulation of the concept.  
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Grounded and embodied instruction 

Difficulties in concept comprehension might pertain to: 

 lack of domain-specific knowledge (essential for constructing 

and simulating an adequate mental model) 

 difficulty in grounding the new knowledge in an embodied 

sensorimotor experience 

 high extraneous cognitive load (which exceeds the available 

working memory capacity) 
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Grounded and embodied instruction 
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A working definition 

Scientific imagination is the 

disciplined and informed use of 

mental simulation for envisioning 

a system’s behaviors and 

drawing testable inferences. 
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Thanks for your attention! 

flandriscina@units.it 

http://simulationandlearning.com 


