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Decoding the human brain: Toward mind-reading machines 
 
 Can one create a machine that reads a person’s mind? We are familiar with such 
machines in science fictions, but it is only recently that scientists have seriously begun to 
discuss the possibility. The renewed interest in mind-reading has emerged from a number 
of recent scientific and technological advances in neuroscience. The approach of modern 
neuroscience toward mind-reading is to “decode” the activity of the brain, which is 
thought to “encode” the states of the mind.  
 

Arguably, the brain is the locus of the mind. Since it is difficult to answer philosophical 
questions such as how the brain, a physical entity, is causally linked to mental experience, 
neuroscientists in the last decade have focused on finding “correlation” between brain 
activity and mental experience. By comparing the brain activity during a mental task and 
that of a baseline condition, this approach has revealed brain regions that are involved in 
various types of mental states such as perception, memory, emotion, and decision making. 
Recent innovation in neuroimaging techniques (e.g., functional magnetic resonance 
imaging, fMRI; positron emission tomography, PET), which measure brain activity 
without invasive incision of the head and the brain, has extended the scope of the study 
for neural correlates of mental experience from laboratory animals to conscious humans.  

  
Measuring brain activity given a mental task is not sufficient to achieve mind-reading. 

It is necessary to predict an unknown mental state by observing brain activity. In modern 
neuroscience, brain activity is thought to “encode” mental states; in the same terms, 
mind-reading requires the “decoding” of brain activity. The concept and the methods of 
neural decoding have been originally developed to study the quantitative relationship 
between neural activity and sensory stimuli (or behavior) in computational and 
information theoretic terms. Neural decoding is achieved by learning the mapping from 
brain activity to stimulus or behavioral parameters using statistical learning algorithms. 
This computational technique is a powerful tool to reveal what a brain activity means, 
especially when information from many neurons or recoding channels is available.  

 
In my recent work with Frank Tong, we combined the methods of neuroimaging and 

neural decoding to predict what a person is seeing from brain images. Specifically, we 
attempted the decoding of visual orientation from fMRI images obtained while a person 



Mind Reading / Brain Machine Interface 

 

was viewing orientated grating patterns. fMRI (~3 mm pixels) lacks the resolution to 
visualize the small neural structures representing orientation (orientation columns; ~100 
mm), which have been revealed in cats and monkeys using invasive methods. However, 
we found that visual orientation can be accurately decoded by effectively combining 
information from many pixels of fMRI images using statistical learning algorithms. This 
finding demonstrates the potential for human neuroimaging to read-out detailed 
perceptual contents.  

 
This method can be extended to decode subjective information that is accessible to the 

person only. We further showed that the mathematical model that had learned to decode 
single orientations could be used to decode which of two overlapping gratings of different 
orientations was dominant in the person’s mind. This is a primitive but important step 
toward mind-reading by non-invasive neuroimaging. Although this method has been 
tested only in the domain of visual perception, it could potentially be used to decode other 
types of mental states such as intention and emotion.  

 
Although scientific and technical challenges remain, the progress in mind-reading 

technology will accelerate. Using implanted electrodes in the monkey brain, several 
laboratories have succeeded in decoding motor commands to control a robot arm. Such 
invasive devices for brain-machine interfaces (BMI) are now being tested in human 
patients with severe paralysis. Advances in non-invasive neuroimaging techniques may 
lead to broader applications of BMI for everyday life, such as devices replacing computer 
keyboards. Furthermore, there may be a great demand for mind-reading machines as a 
means of social and political attitude surveys, or as lie detectors. These applications could 
raise a number of ethical issues. Therefore, we will need to begin discussion on how 
mind-reading technology could change our life.  
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