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Car Control and the Racer’s Brain 

Latest ideas from the world of cognitive science gives us 
some understanding of what is happening in your brain 
when controlling the race car at the limit of grip. 

We cannot know the details because all of your car control 
skill resides in your subconscious brain. But by considering  
the vehicle dynamics involved, we can determine the main 
sensing and feedback that give you your feel for the balance 
of the race car. 

------------------------ 

The touch and feel you need to excel at racing, or any other 
sport for that matter, is not something you learn from books 
or watching videos.  

You learn by deliberately practising the skills.  

As you practise, you’re unconscious mind absorbs and 
integrates all the relevant multisensory information 
available. Embedded in your memory, you build highly 
detailed internal models and motor programs. When 
required, you automatically execute the motor programs 
that drive the high speed sequential actions of your body 
involved in controlling the race car. 

The details of how you do this are not available to your 
conscious mind just by introspection. You carry out the key 
skills as you are programmed to do, not by what your 
conscious mind might think you should do. 

Car Control and Driver Feel  
In decades past (60s 70s 80s), with little knowledge of what 
one might feel from the car, some racing drivers, to my 
recollection, had more of a “tame the beast” attitude. Make 
the car bend to your will. The idea that you control the race 
car with the throttle was prevalent and still remains top of 
mind with some drivers. 

But in racing today, our primary focus is for the driver to 
“feel” the car. Better feel can come from a driver’s on-going 
practise and development of the skills, or in addition, 
improving the set-up might be part of it as well.  

And what do we want? The improved driver confidence (and 
speed) that comes from the driver operating as one with the 
car. 
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When we say a racing driver has “great car control”, it’s 
usually recognising that driver’s exceptional ability in 
controlling the race car at the limit of grip without excessive 
oversteer. Through feeling the car and building the right 
internal models and motor programs, the experienced racing 
driver can actually anticipate the oversteer before it 
happens, making tiny corrections in advance. 

Of all your racing skills, nothing is more important than your 
car control. It is the glue that keeps your performance 
together while driving at the limit of the tyres. It’s the key 
skill that gets you “in the zone” where you “flow” in the car 
– that feeling where your car control is effortless and highly 
adaptable to the situation at hand, without intervention from 
the conscious mind. 

The know-how involved in car control is very much implicit 
experiential knowledge - things you know through feeling 
the car, without realizing you know them. 

So, in car control, it’s entirely appropriate that racing drivers 
go by what they feel. There is no top down instruction from 
the conscious mind to perform the specific actions required, 
although the conscious mind obviously maintains overall 
control and guides the car control process.    

The Racing Driver’s “Body Schema” – The 
Racing Driver’s awareness of the racing car as 
an extension of one’s own body… 
In executing their key skills, sports people build a total body 
awareness based on the incredibly detailed and flexible 
programs operating in their subconscious. The programs are 
known collectively as the body schema.   

The body schema registers the position and motion of all our 
body parts in space. It is used for spatial organisation and 
timing of all our body actions in controlling the race car. 

The processes or programs sports people embed in their 
subconscious include control of any “tools” they use. E.g. 
bat, racquet or golf stick etc. The user’s input must be 
controlled in such a way that matching maximum effect is 
given to the tool’s output.  

The “tool” racers use is something else again. Racers 
assimilate the motion of the race car, and other useful 
characteristics, such as the shape and size, into their body 
schema. Give the brain evidence that the race car  
is now an extension of yourself, then the brain works on  
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constructing the internal models to go with your new “body 
shape”. You’ve now got wheels. 
 
The body schema gives a name to what we know in racing 
as the driver’s feel for the car. It is your awareness of all the  
things you can control. A knowingness around what objects 
are a part of you, and what objects are part of the outside  
world. As far as your body schema is concerned, the race 
car becomes an extension of your body. 
 
The neural circuits involved have ancient evolutionary 
heritage. The integration and processing is incredibly 
powerful. 
  
The body schema is being maintained and updated 
continuously as you race. Your internal know-how can be 
endlessly expanded, if you target the right kind of practise 
to improve your performance. 

It can be seen in a very real way, how, with the internal 
models of the body schema, you feel your way around the 
race track, rather than think your way. 

“It All Comes Down to That Feeling…” 
“It all comes down to that feeling, which then gives you the 
confidence to take your performance to the next level” 
Daniel Ricciardo 

Performance is largely determined by this so-called 
“perceptive-cognitive” expertise in feeling the race car. 

Unlike many other sports, where speed, force and accuracy 
of the action count for everything in getting a result, in 
racing, it has little to do with the speed or force that the 
driver can generate in moving the controls. It depends 
almost entirely on the appropriateness and timing of the  
driver’s control inputs in getting the required response from 
the race car. 

The regular road driver can perform the basics of controlling 
a car with ease. Yes, road drivers still do the functions of 
driving the car based on internal models and the brain’s 
feeling for the car. But the internal models the road driver 
develops are nowhere near as advanced as those of the 
racing driver. 

In racing, the result of what we are doing is much more 
important (e.g. all our energy and resources are focussed on 
delivering more car speed), requiring way more  
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commitment and practice to build, maintain and upgrade 
our internal models. 

As a result, the expert driver can take advantage of the 
subconscious mind’s super-fast processing of internal 
models and programs, carrying out all the regular activities 
of driving the race car, leaving the conscious brain open for 
higher level planning and control. 
 
The Body Schema Appropriates the Vehicle 
Dynamics of the Race Car, As You Feel It, Not 
How You Might Think It. 
It’s possible that during the learning process, where you 
target different skills with deliberate and structured practise, 
it could be you are getting at least some access to the body 
schema with your conscious mind. It might work in a similar 
way to your visualisation sessions. You visualise in your 
conscious brain and then this feeling cascades down to the 
models in your subconscious. (On the track, the 
subconscious can reject any non-useful information, while 
still allowing the conscious mind instant access when urgent 
conscious action is required.) 

“The Science of the Racer’s Brain” Book 
In this excellent book, Otto Lappi has expanded our 
understanding of car control and the driver’s feel for the 
car: “The Science of the Racer’s Brain”, by Otto Lappi 
and Alan Dove.   

The book opens with this question: Why are some racing 
drivers faster than others? The way Stirling Moss described 
it, “The ingredient that makes one person faster than 
another is a mental quality which, as far as I know, has no 
name.” – from the book, “The Racing Driver” by Denis 
Jenkinson. 
 
The science, as shown us in the book, tells us about the key 
mental processes involved in making us faster, helping us 
understand how we learn and become expert. 
 
Things that have occurred to me over the years… What 
feedback am I getting from the race car? How come I can’t 
remember every lap of the race, even though I am  
concentrating like crazy? What are we doing to embed 
skills? Could it be that we filter in our conscious brain first 
before ingraining into our subconscious?  
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“FOB” – The Sixth Sense 
 
Cognitive scientists have identified a sixth sense known as 
“proprioception”. It’s a system within the body that allows 
the racing driver to “Feel One’s Own Body”, (FOB for short, 
as Otto puts it). 
 
It involves the sensors in our muscles and joints, including  
the motion sensing capability of the inner ear. Together with 
feeling by all the other senses, the information is then 
processed by the body schema.  
 
“The FOB system encodes muscles and joint angles, 
movements and tensions, and tells your brain about the 
position, motion and orientation of your body in space.” – 
Otto Lappi.  The system includes the inner ear sensing. This 
is where you transfer into neural signals, all of the g force 
accelerations on the head, including the rotational 
accelerations. 
 
In the book, the authors see the race car as being a tool 
that is an extension of ourselves in a similar way to creating 
feel with something we hold in our hand. For example, we 
could poke a surface with a stick to see if it feels soft or 
hard. In our mind, the stick becomes an extension of our 
arm, extending the sensitivity of our fingers to the end of 
the stick.  
 
The FOB is the most predominant sense in play when feeling 
the car and responding to oversteer, including oversteer 
about to happen. Based on what we know about how the 
brain works, the resulting programs in the body schema 
come as a result of not just this one source, but a huge 
degree of multi-sensing and processing. Way more 
sophisticated than a data logger on the car reading 
individual sensors.  

Feeling at One with the Race Car 
“What we experience in awareness is the outcome of hugely 
complex but at the same time hugely efficient processes,  
working tirelessly ‘under the hood’ to maintain our brain’s 
best overall estimate of what the current situation is like.  
 
It’s all blended in together, and we are not usually at all 
aware of the different contributions the different sensory 
systems make to our conscious mind.” – Otto Lappi. 
 
It is this last point that moved my thinking forward the 
most. When the experienced racing driver is in flow, there is  



                       

6 
 

 
so much going on that the driver is consciously unaware of. 
The subconscious itself issues on-going motor commands to 
your body, resulting in the highly accurate actions involved  
in controlling the vehicle. If needed, e.g. a spin, the results 
of the processing are instantly made available to the 
conscious mind as a complete package (although the 
conscious mind processing will be slower than unconscious 
control). 
 
The Racing Driver’s Feel for the Motions of the 
Race Car 
  
We cannot know exactly what feedback we are getting from 
the race car, given that it’s all happening in the unconscious 
brain.  
 
But here’s one thing I think we can be sure of. Even though 
the feeling is highly multisensory, feeling the motions of the 
race car, feeling the accelerations on the body, is a really 
big part of it. 
 
Lewis Hamilton said in the YouTube video “How to Drive Like 
Lewis Hamilton” said, “It’s that motion (of the race car) that 
that gives me the knowhow of when to push, of when I’m 
going too fast towards an apex or too slow towards an 
apex.” 
 
While he’s saying this, he is hesitant and says “I think” a lot. 
As we know from Otto’s book, he cannot say exactly what 
he is feeling. But I think he has nailed it. It worth looking up 
the video and watching how he says this (from about 40 
secs in.) Straight after, he also says “It’s fascinates me how 
the mind works.”  
 
If the motion of the race car is the primary feel, and we’d 
like to get a handle on it, then looking at the vehicle 
dynamics involved is the only way. If sports scientists were 
ever to get in to motor racing, they’d have to go down the 
same route in investigating the motions of the race car.   
 
“The Science of the Racer’s Brain” – The 
Author’s View  
 
Otto and Alan have a theme running through the book, page 
178 for example, where they believe the racing driver can 
feel the loads on the tyres: “You are able to feel the tyres’ 
loads and adhesion. Through the steering wheel, pedals and  
seat, yes. But think of the way you feel the surface at the 
end of a stick: you feel the texture of the surface at the end  
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of the stick. Through your fingers, yes, but at the end of the 
stick.” 
 
I can’t relate to this idea. With the stick, you can push down 
and feel the load and adhesion at the end being reacted 
through your hand. But you can’t feel the load on the tyres 
sitting in the race car. 
 
I do think we are best to look at the vehicle dynamics to 
make a determination as to how the racing driver feels the 
race car.  
  
Driver Anticipation of Oversteer Via the Brain 
According to Otto in the book, driver anticipation of 
oversteer is a very real capability for the experienced racer’s 
brain. 

The driver with good car control is often said to have good 
reflexes. But reflex motor programs only respond to 
stimulation in response to feedback. There is always some 
delay.  

The models and motor programs we learn and embed for 
car control are much more highly developed and responsive. 
We are accessing parts of the motor system higher up in the 
neural hierarchy, deep inside the brain. The brain can be 
matching patterns and scenarios, feedforward the 
information and actually anticipate the control action 
required before the oversteer happens. 

Driver Anticipation of Oversteer Via Your Feel 
for the “Body Slip Rotation”   
In our on-line training, “The Physics of Car Control and Race 
Car Handling for Drivers”, we look at the physics of the 
motion of the race car, the vehicle dynamics, with a view to 
determining what motions of the race car the racing driver 
can usefully feel (the body schema can be very selective as 
to what it finds useful.)  

The vehicle dynamics engineer’s elementary model of 
vehicle motion, the so-called “bicycle model”, calculates the 
motion of a vehicle based on the “body slip angle” and a 
tyre model that represents the grip available per degree of 
body slip angle. (There is a full explanation of the bicycle 
model in our on-line training.) 

The body slip angle (see schematic diagram next page) is 
the drift angle we can see as the chassis of the race car  

https://www.suspensionsetup.info/store/zbkoTkzi
https://www.suspensionsetup.info/store/zbkoTkzi
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rotates slightly in the oversteer direction in the corner entry. 
(In some of the driving books, this angle is referred to 
incorrectly as the yaw angle e.g. Going Faster p58. The yaw 
angle in vehicle dynamics is the angle the race car has 
turned in the corner and the yaw rate is the measure of how 
fast the car is cornering in degrees of rotation per second.) 

We can see the body slip angle either in photos, or with the 
naked eye. You can see it big time if you are closely 
following another race car in the corners. 

In our Physics of Car Control training, I refer to the drift 
rotation as the body slip angle develops as the body slip 
rotation. Maybe it would be simpler to just say drift 
rotation. Whatever we call it, this rotation is the main 
sensing that helps the racing driver in anticipating oversteer 
before it happens. 

Note that the tyre contact patches stay stuck to the ground 
as grip builds at the tyres, and that it is the twist in the tyre 
carcass that causes the chassis rotation. 

In the mid corner, the race car maintains the maximum 
body slip angle associated with maximum lateral grip and 
then reduces as lateral grip lets go in the corner exit.  

 
In feeling the response 
of the race car, the 
racing driver has a very 
high sensitivity to 
feeling the body slip 
rotation and the 
oversteer rotation. The 
feeling for the driver 
when transitioning from 
drift rotation to 
oversteer rotation is 
completely seamless.  

Feeling the Balance of the Car in Practise 
 
Racing drivers normally talk about understeer vs oversteer 
when referring to the driver’s feel for the balance of the car. 
This is the universal terminology we can all relate to.  

But from a driver sensing perspective, OS/US can be better 
understood as agility (oversteer) vs stability 
(understeer). 
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In cornering, the compromise for the racing driver is to 
carry speed in the corner entry, yes, but not so much speed 
that the driver is delayed in getting to the throttle. 

The driver gets instant feel via the body slip rotation motion 
if the car wants to turn too readily, is too agile. However,  
there is no equivalent feeling for understeer. Understeer can 
be thought as stability, a lack of rotation.   

Having committed to the entry speed and path of the 
vehicle, the driver controls the race car in the corner by 
feeling the balance of the car via the rotation feeling for 
agility vs stability:  

Does the car feel too stable? Not turning as hard as you 
would like? Then push harder until you feel the limit. If the  
car understeers, then a change in driving technique or a set-
up change in the direction oversteer may be indicated. 

Does the car feel nervous? Too willing to turn? Too willing to 
rotate in the corner? Driver control actions are continuously 
required to keep the race car cornering at the limit of grip. 
With too much oversteer, you can’t get to the throttle early 
as you’d like. You have to carry less speed or otherwise try 
a set-up change in the direction of understeer (more 
stability). 

In summary, whether you are optimizing corner speed or 
deciding on a set-up change, the idea is: 

The driver can feel the balance of the car via the rotation 
feeling, both in the corner entry and under power in the 
corner exit. 

Push to the limit in the corner entry. The driver has trail 
braking options here including more or less rotation and 
modifying the corner entry speed as you go, all of which can 
be felt via the rotation feeling. 

If you are not getting to the throttle early enough, try 
reducing entry speed. 

If you are genuinely on the limit in the corner entry and the 
car still feels overall to stable (it’s too easy to get to the 
throttle), then a change in the balance of the car in the 
direction of oversteer is needed.  

If the car feels too nervous (can’t get to the throttle early 
enough), then a change in the direction of understeer is 
called for. 
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In setting your best final mechanical balance for the car: 
 
Would you like the car to turn harder in the corner entry? 
(The car needs an change to increase oversteer.) 
OR 
Would you like the car to drive out of the corner better? 
(The car needs a change to decrease oversteer.)  

Racing Car Technology On-Line Training – “The 
Physics of Car Control and Race Car Handling ”   
This is the real vehicle dynamics know-how every racing 
driver needs to confidently understand what it is the racing 
driver is feeling in controlling the race car.  
 
Build your understanding of what’s happening at the tyre 
contact patch as you feel the balance of the race car. It’s all 
about feeling the drift rotation (body slip rotation).  
 
If you’d like to explore these ideas further, join our on-line 
training. Ask any questions or comment as you like, as you 
proceed with the course. Also, start a conversation or 
comment on issues pertaining to the course with me and 
other drivers on our on-line community forum. 
 
Email me if you’re interested and need more information. 
Dale Thompson 
Course Instructor 
racingcartech@gmail.com 
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