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                    Abstract
When discussing sports and the athletes who participate in them, it has long been recognized that fitness is a prerequisite for optimal performance. The goal of training to improve fitness levels in athletes is ultimately to minimize the stress that the body experiences during competition. When it comes to the topic of racecar drivers, however, drivers and their trainers have largely been left to their own devices to figure out the stressors and the areas of specific training focus. Unfortunately, racecar drivers have battled the stereotype that they are not athletes, and with little regard for them as athletes, drivers are seldom the focus of scientific research related to their performance. Like the cars they drive, driver-athletes are complex, but from a physiological perspective. However, unlike the cars they drive, driver-athletes have not been examined, evaluated, and tweaked to the same degree. The purpose of this review is two-fold: first, by examining the available literature, to make the case for new research into the driver’s role in the driver-car system (i.e. driver science) and the stresses experienced; second, to make the case for more extensive use of microtechnology in the real-time monitoring of driver-athletes. With the miniaturization of sensors and the advent of portable data storage devices, the prospect of quantifying the stresses unique to the driver are no longer as daunting, and the relative impossibility and difficulties associated with measuring the driver-athlete in real-time no longer need to be as challenging. Using microtechnology in the assessment of the driver-athlete and with a more public discussion and dissemination of information on the topic of driver science, the scientific community has the opportunity to quantify that which has been largely assumed and speculated. The current article will offer the following recommendations: first, rather than examining a singular physiological stressor, to examine the interaction of stressors; second, to examine variables/stressors that are more representative of the changing driver demographics; third, to measure drivers in real-time during actual race events; lastly, to work to develop training programs that more accurately apply to the driver and the stresses experienced. In uncovering this information, there is an opportunity to contribute to racing becoming that much safer, that much more competitive, and that much more comprehensive for the driver, the team, and the sport.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Human Performance in Motorcycle Road Racing: A Review of the Literature
                                        
                                    

                                    
                                        Article
                                        
                                         13 March 2018
                                    

                                

                                Emanuele D’Artibale, Paul B. Laursen & John B. Cronin

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Motorsports by Motorcycles
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2020
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Four-Wheeled Motorsports
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2020
                                    

                                

                                
                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Merriam Webster, Inc. Merriam-Webster’s Collegiate Dictionary. 11th ed. Springfield: Merriam Webster, Inc.; 2008.

	Lighthall JW, Pierce J, Olvey SE. A physical profile of high performance race car drivers. In: Vehicle Design Issues, Society of Automobile Engineers, editors. Motorsports engineering conference proceedings, vol. 1. Dearborn: Society of Automotive Engineers; 1994. p. 55–63.

	Jacobs PL, Olvey SE. Metabolic and heart rate responses to open-wheel automobile road racing: a single-subject study. J Strength Cond Res. 2000;14(2):157–61.

                    Google Scholar 
                

	Jacobs PL, Olvey SE, Johnson BM, Cohn KA. Physiological responses to high-speed, open-wheel racecar driving. Med Sci Sports Exerc. 2002;34(12):2085–90.
Article 
    PubMed 
    
                    Google Scholar 
                

	Backman J, Häkkinen K, Ylinen J, et al. Neuromuscular performance characteristics of open-wheel and rally drivers. J Strength Cond Res. 2005;19(4):777–84.
PubMed 
    
                    Google Scholar 
                

	Hoffman J. Physiological aspects of sport training and performance. Champaign: Human Kinetics; 2002.

                    Google Scholar 
                

	International Association of Athletics Federations (IAAF) Nutrition for athletes: a practical guide for eating and drinking for health and performance in track and field. Monaco: IAAF; 2011, revised edition. http://www.iaaf.org/about-iaaf/documents/medical#nutrition-in-athletics (Accessed Oct 19 2012).

	Metaxas TI, Koutlianos NA, Kouidi EJ, Deligiannis AP. Comparative study of field and laboratory tests for the evaluation of aerobic capacity in soccer players. J Strength Cond Res. 2005;19(1):79–84.
PubMed 
    
                    Google Scholar 
                

	Beckwith JG, Greenwald RM, Chu JJ. Measuring head kinematics in football: correlation between the head impact telemetry system and Hybrid III headform. Ann Biomed Eng. 2012;40(1):237–48.
Article 
    PubMed 
    
                    Google Scholar 
                

	Chardonnens J, Favre J, Le Callennec B, et al. Automatic measurement of key ski jumping phases and temporal events with a wearable system. J Sports Sci. 2012;30(1):53–61.
Article 
    PubMed 
    
                    Google Scholar 
                

	Shephard RJ, Aoyagi Y. Measurement of human energy expenditure, with particular reference to field studies: an historical perspective. Eur J Appl Physiol. 2012;112(8):2785–815.
Article 
    PubMed 
    
                    Google Scholar 
                

	Pinnington HC, Wong P, Tay J, Green D, Dawson B. The level of accuracy and agreement in measures of FEO2, FECO2 and VE between the Cosmed K4b2 portable, respiratory gas analysis system and a metabolic cart. J Sci Med Sport. 2001;4(3):324–35.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Doyon KH, Perrey S, Abe D, Hughson RL. Field testing of VO2peak in cross-country skiers with portable breath-by-breath system. Can J Appl Physiol. 2001;26(1):1–11.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Klarica AJ. Performance in motorsports. Br J Sports Med. 2001;35:290–1.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Jutley RS. Fit for motorsport: improve your race performance with better physical and mental training. Sparkford: Hayne Publishing; 2003.

                    Google Scholar 
                

	Bertrand C, Keromes A, Lemeunier BF, Meistelmann C, Prieur C, Richalet JP. Physiologie des Sports Mécaniques. 1st international congress of sport automobile, Marseilles; 1983.

	Walker SM, Ackland TR, Dawson B. The combined effect of heat and carbon monoxide on the performance of motorsport athletes. Comp Biochem Physiol A Mol Integr Physiol. 2001;128(4):709–18.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Brearley MB, Finn JP. Responses of motor-sport athletes to v8 supercar racing in hot conditions. Int J Sports Physiol Perform. 2007;2(2):182–91.
PubMed 
    
                    Google Scholar 
                

	Schwaberger G. Heart rate, metabolic and hormonal responses to maximal psycho-emotional and physical stress in motor car racing drivers. Int Arch Occup Environ Health. 1987;59:579–604.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Küçükdurmaz F. Driver as a high level athlete. In: Doral MN, Tandoğan RN, Mann G, et al., editors. Sports injuries. Berlin: Springer; 2012. p. 1121–3.
Chapter 
    
                    Google Scholar 
                

	Baur H, Müller S, Hirschmüller A, et al. Reactivity, stability, and strength performance capacity in motorsports. Br J Sports Med. 2006;40(11):906–11.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Watkins ES. The physiology and pathology of Formula One Grand Prix motor racing. Clin Neurosurg. 2006;53:145–52.
PubMed 
    
                    Google Scholar 
                

	Ebben W. Strength and conditioning for stock car racing. Strength Cond J. 2010;32:16–27.
Article 
    
                    Google Scholar 
                

	Taggart P, Gibbons D. Motor-car driving and the heart rate. Br Med J. 1967;1(5537):411–2.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Brooks GA, Fahey TD, Baldwin KM. Exercise physiology. 4th ed. New York: McGraw-Hill; 2005.

                    Google Scholar 
                

	Ladell WS, Watkins ES. Prediction of body temperature from heart rate. J Physiol. 1957;135(2):51-2P.
PubMed 
    
                    Google Scholar 
                

	Galloway SDR, Maughan RJ. Effects of ambient temperature on the capacity to perform prolonged cycle exercise in man. Med Sci Sports Exerc. 1997;29(9):1240–9.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Parkin JM, Carey MF, Zhao S, et al. Effect of ambient temperature on human skeletal muscle metabolism during fatiguing submaximal exercise. J Appl Physiol. 1999;86(3):902–8.
PubMed 
    CAS 
    
                    Google Scholar 
                

	González-Alonso C, Teller SL, Andersen SL, et al. Influence of body temperature on the development of fatigue during prolonged exercise in the heat. J Appl Physiol. 1999;86(3):1032–9.
PubMed 
    
                    Google Scholar 
                

	Tatterson AJ, Hahn AG, Martin DT, et al. Effects of heat stress on physiological responses and exercise performance in elite cyclists. J Sci Med Sport. 2000;3(2):186–93.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Armstrong LE. Performing in extreme environments. Champaign: Human Kinetics; 2000.

                    Google Scholar 
                

	Greenleaf JE. Problem: thirst, drinking behavior, and involuntary dehydration. Med Sci Sports Exerc. 1992;24(6):645–56.
PubMed 
    CAS 
    
                    Google Scholar 
                

	Richalet JP, Bertrand C. Evaluation and perspectives of medical study on race car drivers, Crèteil; 1983.

	Richalet JP, Bertrand C. Aspect Physiologique de la Compètition Automobile, Crèteil; 1983.

	Falkner F. Isometric exercise and racing driving. Lancet. 1972;300(7791):1368–9.
Article 
    
                    Google Scholar 
                

	Ebben WP, Suchomel TJ. Physical demands, injuries, and conditioning practices of stock car drivers. J Strength Cond Res. 2012;26(5):1188–98.
Article 
    PubMed 
    
                    Google Scholar 
                

	Pruett M. Dario Franchitti: so you think driving an Indy car is easy? Try braking—part 1. http://blog.roadandtrack.com/dario-franchitti-so-you-think-driving-an-indy-car-is-easy-try-braking-part-1/ (Accessed Aug 21 2012).

	Pruett M. Dario Franchitti: so you think driving an Indy car is easy? Try steering—part 2. http://blog.roadandtrack.com/dario-franchitti-so-you-think-driving-an-indy-car-is-easy-try-steering-part-2/ (Accessed Aug 21 2012).

	Pruett M. Dario Franchitti: so you think driving an Indy car is easy? Try breathing—part 3. http://blog.roadandtrack.com/dario-franchitti-so-you-think-driving-an-indy-car-is-easy-try-breathing-part-3/ (Accessed Aug 21 2012).

	Baur H, Muller S, Pilz F, et al. Trunk extensor and flexor strength of long-distance race car drivers and physically active controls. J Sports Sci. 2010;28(11):1183–7.
Article 
    PubMed 
    
                    Google Scholar 
                

	Raschner C, Platzer HP, Patterson C. Physical characteristics of experienced and junior open-wheel car drivers. J Sports Sci. 2013;31:58–65.
Article 
    PubMed 
    
                    Google Scholar 
                

	Pandolf KB, Sawka MN, Gonzalez RR, editors. Human performance physiology and environmental medicine at terrestrial extremes. Indianapolis: Benchmark Press; 1988.

                    Google Scholar 
                

	Cheung SS, McLellan RM, Tenaglia S. The thermophysiology of uncompensable heat stress: physiological manipulations and individual characteristics. Sports Med. 2000;29(5):329–59.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Jareño A, de la Serna JL, Cercas A, Lobato A, Uyá A. Heat stroke in motor car racing drivers. Br J Sports Med. 1987;21(1):48.
Article 
    PubMed 
    
                    Google Scholar 
                

	Rodrigues LOC, Magalhães, F. Car racing: in the heat of competition. Rev Bras Med Esporte (serial on the Internet). 2004;10(3):212–215. http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1517-86922004000300011&lng=en (cited 2012 Oct 19).

	Wyon DP, Wyon I, Norin F. Effects of moderate heat stress on driver vigilance in a moving vehicle. Ergonomics. 1996;39:61–75.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Collins VP. Physiologic observations on race car drivers. NASA CR-570. NASA Contractor Report. United States. National Aeronautics and Space Administration (serial on the Internet). 1966; 1–114. Available from: MEDLINE with Full Text (cited 2012 Oct 19).

	Forumula1.com (Internet). David Coulthard on fitness in F1; 2008. http://www.forumula1.com/features/david-coulthard-on-fitness-in-f1/ (Accessed Oct 23 2012).

	Voshell M. High acceleration and the human body. http://csel.eng.ohio-state.edu/voshell/gforce.pdf (Accessed Oct 15 2012).

	Whinnery JE, Shender BS. The opticogravic nerve: eye-level anatomic relationships within the central nervous system. Aviat Space Environ Med. 1993;64(10):952–4.
PubMed 
    CAS 
    
                    Google Scholar 
                

	Olvey SE. Rapid response: my inside story as a motor racing life-saver. UK: Haynes Publishing; 2006.

                    Google Scholar 
                

	Guedry FE, Raj AK, Cowin TB. Disorientation, dizziness and postural imbalance in race car drivers, a problem in G-tolerance, spatial orientation or both. Paper presented at the RTO HFM symposium on “Spatial Disorientation in Military Vehicles: Causes, Consequences and Cures”; 2002. RTO-MP-086, La Coruña. http://ftp.rta.nato.int/public/PubFullText/RTO/MP/RTO-MP-086/MP-086-14.pdf.

	Senna (documentary film). United States: Universal Pictures; 2010.

	Beaune B, Durand S, Mariot JP. Open-wheel race car driving: energy cost for pilots. J Strength Cond Res. 2010;24(11):2927–32.
Article 
    PubMed 
    
                    Google Scholar 
                

	Inc HQ. CorTemp™ core body temperature monitoring system user manual. Palmetto: HQ Inc.; 2011.

                    Google Scholar 
                

	Ayrton Senna. Lifestyle in Brazil [TV documentary].London: Bedford Productions Ltd; 1992.


Download references




Acknowledgments
An Ohio Northern University Summer Research Stipend supported the preparation of this review. The authors have no conflicts of interest that are directly relevant to the content of this review.


Author information
Authors and Affiliations
	Ohio Northern University, Department of Human Performance and Sport Studies, King Horn Complex, Rm. 106B, Ada, OH, 45810, USA
Edward S. Potkanowicz

	University of Mount Union, Alliance, OH, USA
Ronald W. Mendel


Authors	Edward S. PotkanowiczView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ronald W. MendelView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Edward S. Potkanowicz.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Potkanowicz, E.S., Mendel, R.W. The Case for Driver Science in Motorsport: A Review and Recommendations.
                    Sports Med 43, 565–574 (2013). https://doi.org/10.1007/s40279-013-0040-2
Download citation
	Published: 17 April 2013

	Issue Date: July 2013

	DOI: https://doi.org/10.1007/s40279-013-0040-2


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Heart Rate Response
	Core Body Temperature
	Driver Performance
	Race Event
	Increase Body Temperature








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					44.199.198.16
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    