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                        Appendix A: ROC Curves 

 The   receiver operating characteristic  (ROC) curves   are used to capture at a glance 
both the level of discrimination ( d′ ) and the decision criterion (for instance,  ß ). An 
ROC curve is obtained when plotting the probabilities of a hit, on the ordinate, and 
the probabilities of a false alarm, on the abscissa (Fig.  A.1 ). 

 The sensitivity of an observer will be revealed by the distance of the curve from 
the diagonal, which represents the case where  d′  = 0. Furthermore, the observer’s 
response bias is revealed by the location of a point on a given curve. The perfor-
mance of a lax observer, i.e., of someone with a high rate of hits and false alarms, is 
represented by a point in the upper right of the curve, whereas the performance of a 
conservative observer is represented by a point in the lower left.

   There are specifi c ways to move the decision criterion of an observer, i.e., to 
change the location of a point on a given ROC curve.  One   of these ways is to assign 
rewards (e.g., giving participant money) for each hit and to administer punishment 
(asking participant for money) for each false alarm. Depending on the value of 
rewards and punishments, the observer will adjust the criterion. If there is more 
money involved for a hit than for a false alarm, the observer will adopt a lax crite-
rion (the point will move up and to the right on the ROC curve). Conversely, observ-
ers will become much more conservative in their way of making decisions in 
conditions where it is necessary to pay more for a false alarm than what could be 
obtained for a hit. It is important to remind that the movements of the criterion do 
not affect sensitivity. 

 Note in conclusion that the ROC curves are also used to test some assumptions 
underlying the signal detection theory. For example, with the transformation of pro-
portions into  Z -scores, it becomes possible to determine whether the distribution 
noise and signal + noise are normal and whether their variance is the same. In the 
fi rst case (normal distributions), for a given ROC  curve   transformed into  Z -scores, 
the points should fall on or near the linear function, and in the second case (equal 
variance assumption), the slope of this function should be 1.  
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 Fig. A.1    On this  receiver operating characteristic  (ROC) curve, sensitivity ( d′ ) is the same every-
where. C is a conservative observer and A is  a   lax observer. C and A would therefore have a differ-
ent criterion  
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    Appendix B: Fechner’s Law 

 Founder of psychophysics, Gustav Fechner  was   interested in the nature of the rela-
tionship between the magnitude of a stimulus and the magnitude of sensation. Fechner 
believed that this relationship was bound to be logarithmic. Indeed, to establish the 
relationship, he postulated that the magnitude of the sensation can be described by a 
unit called the  just-noticeable difference (JND)  , which itself could be quantifi ed indi-
rectly on the basis of the Weber fraction. The 0 point of his psychological scale is the 
absolute threshold. 

 Thus, for a sensory continuum having an absolute threshold equal to 10 (arbitrary 
units) and a Weber fraction of 0.3, the calculation of the scale is as follows:

 JND  Value (in log) 

 1 = 10 + (10 × 0.3) = 13  (1.114) 
 2 = 13 + (13 × 0.3) = 16.9  (1.228) 
 3 = 16.9 + (16.9 × 0.3) = 21.97  (1.342) 
 4 = 21.97 + (21.97 × 0.3) = 28.56  (1.456) 
 5 = 28.56 + (28.56 × 0.3) = 37.13  (1.570) 
 6 = 37.13 + (37.13 × 0.3) = 48.27  (1.684) 
 And so on 

   In short, to achieve a JND, the stimulus in  this   example must have a value of 13. 
The next JND occurs when the intensity is 16.9. Reported graphically, these values 
show that the relationship between JND, on the  y -axis, and the value of stimuli, on the 
 x -axis, increases logarithmically (Fig.  B.1 , left). If it is rather the logarithmic value of 
stimuli that is used on the  x -axis, the relationship becomes linear (Fig.  B.1 , right).

   This logarithmic relationship can be summarized in the following equation:

  JND = K logf    

where JND is the sensation,  K  is a multiplicative constant whose value is related to 
a given modality and a given sensory dimension, and  ϕ  is the stimulus intensity 
above the absolute threshold. 
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 In the mind of Fechner, the fourth JND corresponds  to   something that is psycho-
logically twice as high as the second JND. This indirect way of establishing the link 
between sensation and the physical magnitude was incorrect, especially considering 
the fact that the Weber fraction is not constant, being higher for low physical mag-
nitudes. The direct way in which Stevens addressed the issue of the relationship 
between the magnitude of a stimulus and the sensory magnitude was proved to be 
more fruitful.  

     

 Fig. B.1    Relationship between the value of a “just-noticeable difference” (JND) and the intensity 
of the stimuli on the  linear   scale (on the  left ) and on a logarithmic (on the  right )  
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    Appendix C: The Nervous System 

 The study of the  nervous system   requires many nuances. Nevertheless, tracing the 
main lines of the anatomy of the nervous system should allow to develop a clear 
view of the link between the peripheral activity of the sensory receptors and the one 
occurring at higher levels of processing, that is, those that lead to the brain. 

 The nervous system is divided into the central nervous system and peripheral 
nervous system. The main parts of the central nervous system are described below. 
The peripheral nervous system includes the autonomic nervous system (which con-
sists of the sympathetic and parasympathetic systems) and the somatic nervous sys-
tem. The latter is particularly interesting because it includes the nerves. 

    C.1   Nerves 

 Neurons are the basic units of the  nervous   system because they allow the transmis-
sion of nerve impulses and therefore the transmission of the information throughout 
the body. The nerves are groups of axons in the peripheral nervous system, the axon 
of the neuron being the prolongation of cell body up to many ramifi cations. 

 The nerves are in charge of the transmission of nerve impulses from receptors to 
the spinal cord. The peripheral nervous system is composed of 12 pairs of cranial 
nerves and 31 pairs of spinal nerves. Cranial nerves, which are designated by num-
bers I to XII, also have a name providing information about their function. Some 
nerves are strictly efferent, others strictly afferent, and others, like the trigeminal 
(V), have both functions. In the context of the study of sensation and perception, it 
should be emphasized that nerves I, II, and VIII are, respectively, associated with 
olfaction, vision, and hearing. In the latter case, it is more specifi cally the vestibulo-
cochlear nerve, indicating that a branch of the nerve is assigned to the vestibular 
system, which is located in the inner ear. 
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 Spinal nerves are determined according to the  height   where they are located on 
the spine: cervical (1–8), thoracic (1–12), lumbar (1–5), sacral (of 1–5), and coc-
cygeal (1) nerves. Each of these nerves innervates a band (or segmented area) of the 
skin called dermatome.  

    C.2   Central Nervous System 

    C.2.1 Major Divisions 

 The  central nervous system   includes the encephalon and spinal cord. The encepha-
lon is the general term which includes the brain, brain stem, and cerebellum. Suffi ce 
it here to recall that the brain includes the cerebral cortex (or the forebrain), in addi-
tion to important structures (the limbic system, thalamus, and hypothalamus). Just 
below the brain is the brainstem which includes, from top to bottom, the midbrain, 
the pons, and the bulb. The cerebellum is located just behind the brainstem and the 
spinal cord is located just below the brainstem. Table  C.1  summarizes the main divi-
sions of the central nervous system.

       C.2.2 Cerebral Cortex 

 Different areas of the  cerebral cortex   are specialized in specifi c functions. For locat-
ing these areas easily, it is useful to identify, in Fig.  C.1 , the central and lateral fi s-
sures (or sulcus) on the cortex, as well as the four lobes: frontal, occipital, parietal, 
and temporal. Just before the central fi ssure are the motor cortex and premotor cor-
tex, and just behind, we fi nd the somatosensory cortex, which is itself divided into 
two areas, called primary and secondary. The primary somatosensory cortex receives 

  Table C.1    Divisions of the  central   nervous system and some 
associated terms   

 Encephalon = brain + brain stem + cerebellum 
 Brain = cerebral cortex + limbic system + thalamus + hypothalamus 
 Brainstem = midbrain + pons + bulb 
 Telencephalon (or cerebral cortex) 
 Diencephalon (thalamus + hypothalamus) 
 Mesencephalon (or midbrain) 
 Metencephalon (pons) 
 Myelencephalon (bulb) 
 Forebrain = telencephalon + diencephalon 
 Midbrain = mesencephalon 
 Hindbrain = pons + bulb + cerebellum 
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information directly from the receptor organs, whereas the secondary somatosen-
sory cortex receives only information that has previously been processed elsewhere 
in the brain, including in the primary somatosensory cortex. The auditory cortex is 
located in the temporal lobe, while the different divisions of the visual cortex are 
located on the back, in the occipital lobe.

       C.2.3 The Spinal Cord and Sensory Pathways 

 The  spinal cord   is the part of the central nervous system, protected by the spine, 
which provides communication (i.e., the transmission of nerve impulses) between 
the peripheral nervous system and the brain and between the brain and effectors 
(muscles). If one makes a  cross   section of the spinal cord, it is  possible   to observe 
several columns which are actually groups of numerous axons. These columns are 
ascendant (or afferent) when assigned to the transmission of information from the 
periphery to the brain or descendant (or efferent) when assigned to the transmission 
of nerve impulses from the brain to effectors (muscles). 

 Figure  C.2  allows to distinguish a ventral part (or anterior), toward the front, and 
a dorsal part (or posterior), toward the back. What is on the sides is called lateral. 

      

 Fig. C.1    Main functional areas of the cerebral cortex  
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This helps to identify the dorsal, ventral, or lateral horns, located in the gray matter 
of the spinal cord, and the dorsal, ventral, or lateral columns, located in the white 
matter.

   There are two main  pathways   responsible for transmitting sensory information. 
Both systems differ by the exact location where there circulates the nerve impulse 
and by the type of information that is conveyed. To easily understand the path of the 
nerve impulse from the receptors to the brain receptors, it is important to remember 
that the information received on one side of the body, left or right, is transferred in 
the contralateral side, right or left, of the brain. The transfer of information from one 
side of the body to another sometimes occurs at the level of the spinal cord, i.e., 
immediately at the level where the sensation is produced. This is the case of the 
spinothalamic system (or extralemniscal system): information crosses from one 
hemibody to the other upon entry into the spinal cord and is routed directly to the 
thalamus where there is a relay (synapse) with another neuron. From there, the 
nerve impulse is sent to an area of the cerebral cortex specialized in somesthesia. At 
the level of the spinal cord, the infl ux travels though the anterolateral part. 

 A portion of the sensory  information   follows a different route to reach the 
somatosensory cortex. This other pathway is characterized in that the transfer of 
nerve impulses from one side of the body to another does not occur at the level of 
the spinal cord, but much higher in the nervous system, namely, at the bulb level. 
After crossing at the bulb, there is also a synapse, before the projection in the 

      

 Fig. C.2    Cross section of the spinal cord  
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somatosensory area, at the thalamus level. This path is called the dorsal column 
system (or lemniscal system) and is located in the posterior part of the spinal cord. 
Table  C.2  indicates which pathway (spinothalamic or lemniscal) is used by different 
sensations for reaching the brain.

     C.3 Methods for Studying Brain 

 Even though this information  goes   slightly beyond the scope of this book, it is worth 
recalling the main techniques used to ascertain the relationships between brain 
structures and different sensory, perceptual, or cognitive functions. 

 As early as the nineteenth century, links were established between brain damage 
or removal of certain groups of neurons and affected functions. It is now possible to 
create lesions, in animals, to test hypotheses about the role of the specifi c brain 
areas that are damaged. Similarly, since the mid-twentieth century, neurophysiology 
techniques were developed for implanting microelectrodes to collect the activity of 
single neurons and their role in sensory physiology. 

 Nowadays, there are many  techniques   that allow to draw a general picture, or an 
image, of brain activity. Generally, they allow or have a fair idea of the location of a 
structure involved in the function tested or a fair idea regarding when a cerebral 
contribution occurs. Thus, for nearly 50 years, surface electrodes (on the scalp) were 
used to measure electrical activity in the brain. This method, called  electroencepha-
lography (EEG)  , refl ects the average activity of certain parts of the brain and how 
this activity changes over a given period. A particular form of this EEG activity is 
called evoked potentials. These analyses allow to linking quite precisely in time a 
change in electrical activity and the presentation of sensory stimuli. The electrical 
activity of the brain also produces small magnetic fi elds. Thus, a relatively new tech-
nique, called  magnetoencephalography (MEG)  , captures the magnetic activity and 
offers, in addition to a good temporal resolution as is the case for EEG, better spatial 
resolution since magnetic activity is less vulnerable than the electrical activity cap-
tured by the surface electrodes to the distortions caused, for example, by the skull. 

 Among the tools offered by technology to  researchers   in neuroscience, there is 
positron emission tomography. This technique, available for 50 years, measures the 
metabolic activity of the brain using radioactive tracers. It allows to locate some 
functions, but offers poor temporal resolution. The 1990s saw the emergence of a 

    Table C.2    Central pathways used for the transmission of sensory information   

 Spinothalamic system  Lemniscal system 

 Tickling and itching  Sensations caused by vibrations 
 Pain  Sensations of friction against the skin 
 Diffuse sensations of tact or pressure  Sensation of body position in space 
 Sexual sensations  Sensations of fi ne touch 
 Thermal sensations 
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technique called functional magnetic resonance imaging. This technique, which 
does not require the use of radioactive substances, is based on the metabolic changes 
within the brain. It is thus possible to link the blood fl ow, as well as the amount of 
oxygen required by neurons, with some perceptual or cognitive activity. This tech-
nique allows a very high spatial resolution. 

 We can now count on neuromodulation techniques to better understand the prop-
erties of the brain. One of these techniques, the transcranial magnetic stimulation, 
has been available since the mid-1990s. This is a technique where one can create for 
a short time, with small magnetic pulses, a change in brain activity. One can, for 
example, create a temporary inability to use a small area of the  brain   and see how it 
affects a perceptual or cognitive ability. Even more recently, it has become possible 
to use   transcranial direct-current stimulation  (tDCS)  , a noninvasive technique 
where the application of a small current passes through two electrodes: anode and 
cathode. The effi cacy of tDCS depends on the position of the electrode and the 
intensity of the current. The anodal stimulation would increase synaptic transmis-
sion while cathodal stimulation would inhibit it.      
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