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Embodied Cognition

Cognition: the act and process of acquiring, storing, and using 
knowledge; in a word, thinking

perception, attention, memory, learning, problem-solving, 
decision-making are all cognitive processes
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Spatial Ability
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Spatial Tasks
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Motor Expertise
Motor Skill: activity or task that requires voluntary control over movements of the 
joints and body segments to achieve a goal

Motor Control: how our neuromuscular system functions to activate and coordinate 
the muscles and limbs involved in the performance of a motor skill

Motor Learning: the acquisition, the performance enhancement, or the reacquisition 
of motor skills

Motor Development: human development from infancy to old age with specific 
interest in issues related to either motor learning or motor control

Motor Competence: the ability to learn and perform motor skills; associated with 
physical fitness (Catuzzo et al., 2014)

Motor Expertise: high degree of motor learning; this paper required minimum 10 years 
experience to attain expertise

Magill & Anderson, 2019

Ramón e Cajal, c. 1899
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Do ‘individuals who practice activities requiring a 
strong representation of motor actions also show 

gains in cognition, particularly spatial tasks’?



Study Selection
Terms
spatial or mental rotation
with motor learning

motor effects
motor training
motor expertise
motor performance
motor impairment
motor behavior
motor process
motor practice
motor experience
gesture
action control

elite athlete, musician, or wrestler



Population Spatial Tasks
athletes k = 10

ball sports/open sports k = 19

combat sports k = 4

runners/cyclists k = 8

gymnasts/dancers k = 18

musicians k = 5
---------
64 effect sizes

spatial visualization k = 13

disembedding tasks, paper folding tests

mental rotation k = 46

spatial perception k = 5

rod-and-frame test
---------
64 effect sizes



Forest Plot



Forest Plot

Cohen, 1988



Forest Plot

Cohen, 1988

ES: 0.382 (95% CI = 0.240, 0.523)



Moderator Variables
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Conclusions

‘overall advantage of motor experts compared to non-motor experts in spatial tasks’

‘expert type, stimulus type, and test type were significant moderators’

‘evidence for a publication bias in the sample of studies included in the analysis’

‘there is little support for an excess of significant findings in the present data set’



Conclusions

‘overall advantage of motor experts compared to non-motor experts in spatial tasks’

‘expert type, stimulus type, and test type were significant moderators’

‘evidence for a publication bias in the sample of studies included in the analysis’

‘there is little support for an excess of significant findings in the present data set’



Conclusions

‘overall advantage of motor experts compared to non-motor experts in spatial tasks’

‘expert type, stimulus type, and test type were significant moderators’

‘evidence for a publication bias in the sample of studies included in the analysis’

‘there is little support for an excess of significant findings in the present data set’



Conclusions

‘overall advantage of motor experts compared to non-motor experts in spatial tasks’

‘expert type, stimulus type, and test type were significant moderators’

‘evidence for a publication bias in the sample of studies included in the analysis’

‘there is little support for an excess of significant findings in the present data set’



References

● Voyer, D. & Jansen, P. (2017). Motor expertise and performance in spatial tasks: A meta-analysis. Human Movement Science, 54 110-124. doi: 
10.1016/j.humov.2017.04.004

● Newell, K. (1986). Constraints on the development of coordination. In M.G. Wade & H.T. A. Whiting (Eds.), Motor development in children: Aspects 
of coordination and control (p. 348). Dordect, The Netherlands: Nihjoff.

● Agrippa, C. (1553). Illustration 06. Treatise on the Science of Arms, with a Philosophical Dialogue. 
https://wiktenauer.com/images/2/22/Agrippa_1553_06.jpg 

● Thibault d’Anvers, G. (1630). Plate 1. Academie de l’Espée. 
https://wiktenauer.com/wiki/G%C3%A9rard_Thibault_d%27Anvers/Plates_1-11#/media/File:Thibault_L1_Tab_01.jpg 

● Capo Ferro (1629). Figure explained by way of the alphabet [watercolor]. The Use of Fencing. 
https://wiktenauer.com/images/2/2b/Capo_Ferro_1629_05.png 

● Ekstrom, R.B., French, J.W., Harman, H.H., & Dermen, D. (1976). Kit of Factor-Referenced Cognitive Tests. Educational Testing Service.
● Shepard, R.N. & Metzler, J. (1971). Mental rotation of three-dimensional objects. Science, 171(3972). 701-703. Stable URL: 

https://www.jstor.org/stable/1731476 
● Witkin, H.A. & Asch, S.E. (1948). Studies in space orientation III perception of the upright in the absence of a visual field. Journal of Experimental 

Psychology, 38(5). 603-614. doi: 10.1037/h0055372
● Magill, R. & Anderson, D. (2019). Motor Learning and Control (11th ed.). United States: McGraw Hill Education.
● Cattuzzo, M.T., dos Santos Henrique, R., Ré, A.H.N., de Oliveira, I.S., Melo, B.M., de Sousa Moura, M., de Araújo, R.C., & Stodden, D. (2014). 

Motor competence and health related physical fitness in youth: A systematic review. Journal of Science and Medicine in Sport, 19(2016), 123-129. 
doi:10.1016/j.jsams.2014.12.004

● Ramón e Cajal, S. (c. 1899). Schematic drawing of the motor and sensitive pathways. Image. Retrieved April 25, 2020 from 
https://www.csic.es/en/cajal-legacy 

● Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences (2nd ed.) New Jersey: Lawrence Erlbaum Associates.

https://wiktenauer.com/images/2/22/Agrippa_1553_06.jpg
https://wiktenauer.com/wiki/G%C3%A9rard_Thibault_d%27Anvers/Plates_1-11#/media/File:Thibault_L1_Tab_01.jpg
https://wiktenauer.com/images/2/2b/Capo_Ferro_1629_05.png
https://www.jstor.org/stable/1731476
https://www.csic.es/en/cajal-legacy


Resources

● McNerny, S. (November 4, 2011). A brief guide to embodied cognition: Why you are not your brain. Scientific 
American. Accessed March 1, 2021 at 
https://blogs.scientificamerican.com/guest-blog/a-brief-guide-to-embodied-cognition-why-you-are-not-your-brain/ 

● Park, G., Lubinski, D., & Benbow, C.P. (November 2, 2010). Recognizing spatial intelligence. Scientific American. 
Accessed March 1, 2021 at https://www.scientificamerican.com/article/recognizing-spatial-intel/ 

https://blogs.scientificamerican.com/guest-blog/a-brief-guide-to-embodied-cognition-why-you-are-not-your-brain/
https://www.scientificamerican.com/article/recognizing-spatial-intel/


Do actor-combatants’ motor function, cognitive 
performance, and general well-being differ from 
those of martial artists and theatre actors?


