Chapter 1 Study Questions and solutions 
1. Name three small-scale spatial events in the brain, with their order of magnitude.


See Section 3.1, Table 1.1 and Figure 1.2. 

2. Name three small-scale temporal events in the brain, with their order of magnitude. 


See Section 3.2 and Table 1.2. 

3. What is the role of ‘inference’ in cognitive neuroscience? How does it help shape our understanding of the mind and brain?

See Section 3.3

Science depends on a constant process of inference, going from raw observations to explanatory concepts. Cognitive neuroscience is also based on inferences from raw observations. 

Because brain scans have the appearance of physical objects that we can see and touch, we are tempted to think that we are seeing ‘raw reality’ in brain scans. But that is a seductive fallacy. Electroencephalo-graphy (EEG) is an inferential measurement of brain activity, as is functional magnetic resonance imaging (fMRI), positron emission tomography (PET), and all the other advanced tools we have today (Box 1.1). Even recording from neurons only gives us a tiny sample of single cells firing among tens of billions of cells. 

Recent imaging techniques are extraordinarily useful, but they still involve inferences about the working brain.

4. Provide an example of an ‘inferred concept’ and explain how it differs from raw observations.


See Section 3.3. Figures 1.4-1.6, pages 8-10. 

When we talk about cognition – language, learning, or vision – we also use inferred concepts, which must be firmly anchored in reliable observations. For example, the capacity of immediate memory – the kind we can mentally rehearse – is about seven plus or minus two items, as George A. Miller famously noted in a paper called ‘The magical number seven plus or minus two’ (1956). That number seems to apply to many kinds of randomly selected items: colors, numbers, short words, musical notes, steps on a rating scale, and so on. 

Notice that the inferred concept of “working memory” is not the same as the observation of seven plus or minus two musical notes, or words, or any other specific observation. Working memory as a concept is abstract. It is not just a raw observation.

From a scientific point of view, the idea of “conscious cognition” is much like “working memory” or “attention.” It is a construct inferred from behavioral observation. 

5. Why are convergent measures important for understanding the mind and brain? 


See Section 3.4  Science always makes use of converging measures to verify observations. Today, any major hypothesis in cognitive neuroscience is tested over and over again, using single-neuron recordings, animal studies, EEG, fMRI, MEG, and behavioral measures such as verbal reports and reaction time. No single study settles a hypothesis. Every major claim requires multiple sources of support.

6. What is the name of the large ‘valley’ that separates the left and right hemispheres? Can you identify more major landmarks of the brain?

(Section 3.5)  The longest cortical “valley” runs along the midline between the right and left hemispheres and is called the longitudinal fissure. 

7. What is the relationship between the “mentalistic” point of view in philosophy and “physicalistic” perspective? What is philosophical naturalism?


Section 4.1

In everyday language we constantly switch back  and forth between the language of “mind” and “brain.” We take a physical aspirin for a mental headache. We walk to the physical refrigerator because we experience a mental craving for ice cream. Do conscious experiences ‘cause’ physical actions, or vice versa? Common sense doesn’t care. It just jumps back and forth between the discourse of mind and body. But things get complicated when we try to think more carefully. 

In the physical realm of aspirins and refrigerators, ordinary causality explains how things happen. Ice cream melts in the sun and aspirins dissolve in water. They follow the laws of physics and chemistry. But mental events are affected by goals, emotions and thoughts, which seem to follow different laws. Ice cream does not melt because it wants to – but humans eat ice cream because they want to.

Box 1.2   Philosophers continue to debate whether conscious experiences can be understood in terms of the brain. However, many scientists today believe that it has become a productive scientific question again. 

8. Who is considered to be a major historical source of current mind/body philosophy?  


Section 4.1 and Figure 1.10. Descartes is often considered to be the originator of modern mind/body philosophy. 

9. What was the dominant viewpoint about consciousness and the human mind  in the 19th century? In the early 20th? 


See Section 4.5 

Nineteenth century scientists were profoundly interested in the question of consciousness. Ramon y Cajal proposed the idea of a ‘psychic neuron’ in the cortex, a type of neuron that would support conscious experiences. The beginning of psychophysics in the early 19th century was very much inspired by an effort to solve the mind-body puzzle, and the pioneering psychophysicist, Gustav Fechner, claimed that he had found the answer by showing a mathematically exact relationship between subjective sensory intensity and physical stimulus intensity. At the end of the 19th century, William James proclaimed that ‘Psychology is the science of mental life’, by which he meant conscious mental life.

(James, 1890/1983, p. 15). 

Behaviorist John B. Watson’s famous slogan was that ‘consciousness is nothing but the soul of theology’, and therefore unscientific. For much of the 20th century, human consciousness was avoided by scientists. Some saw it as too burdened with philosophical questions, too difficult to test experimentally, or too subjective to be studied scientifically.

10. What is a major difference between behavioral and cognitive psychology?



Section 5.0. 

In the 1970s, many psychologists became dissatisfied with behaviorism and began to pursue a different path. While using behavioral measures in the laboratory, cognitive psychologists were interested in making inferences from those observations.  … Cognitive psychologists have brought back visual imagery, various types of memory, unconscious (implicit) cognition, and many other terms. However, these concepts are always studied behaviorally in the laboratory under very closely controlled conditions. The concepts of working memory, imagery, and so on, are inferred from behavioral observations. They are theoretical explanations, much as electrons are in physics. No one has ever seen an electron, but the concept of an electron explains many different kinds of observable phenomena.

11. What influence did physiologists like Pavlov have on psychology?



Section 4.5 and Figure 1.26. 

Scientists like I.P. Pavlov advocated a more physicalistic view of mental life. After 1900, Pavlov became famous for his experiments on classical conditioning in dogs. This helped to convince many psychologists that ultimately all of behavior could be explained in terms of simple behavioral units, based on reflexes (Figure 1.26).  Although Pavlov was a sophisticated physiologist, his proposal that conditional reflexes are the basic unit of all human learning is no longer generally believed. However, Pavlovian conditioning is widely used in research and is relevant to clinical issues like anxiety disorders and the treatment of phobias.

 Source: http://www.sruweb.com/~walsh/intro_unit_ four.html 

12. Explain some ways in which psychology and brain science interact. 

See Section 5.1. 

Psychologists and neuroscientists have devised a very

wide range of methods for studying processes in the brain. These methods tend to converge well, so that psychological ways of approaching concepts like perception, working memory, and language tend to reveal corresponding brain events, and vice versa. 

13. What are some difficulties in studying brain damage scientifically? 

Controversy has raged over the question of brain localization – whether specific regions of the brain serve very specific functions. Broca was the first to

establish firmly a specialized region of the higher brain in 1861, based on a patient who suffered from epilepsy. Much of what we know about the human brain was first discovered from very careful study of specific deficits. That effort continues today. However, with better techniques of brain imaging, these areas are turning out to be more complex and flexible than they were thought to be. 

14. Provide examples of how conscious and unconscious brain events are studied today. 
See Figure 1.28

A recent wave of experiments compares conscious and unconscious phenomena in the same study. For example, a method called visual backward masking allows us to compare fMRI activity in the same person for conscious and unconscious visual words. This figure from Dehaene et al. (2001) shows that unconscious words trigger local activity in visual cortex, but matched conscious words also evoke

strong forward activity in the cortex, in the parietal and frontal lobes. In both experimental conditions the same physical stimulus reaches the retina, so that the difference must be higher up in the brain. This pattern of results has now been found a number of times. Evidence like this has convinced a number of scientists that conscious cognition can be studied with the proper kinds of experimental designs.

15.  What are some ongoing debates in the field of cognitive neuroscience?  

See TABLE 1.4, Ongoing debates today.

Local versus widespread functions in the brain

The neuron doctrine

The question of consciousness

Unconscious inferences in vision

Capacity limits in the brain

Short-term and long-term memory: are they separate?

The biological bases of emotions

Nature versus nurture, genes versus environment

16. In everyday life, are you aware of using inner speech? Visual imagery? If so, in what situations? If not, what everyday situations might show that kind of process? (Note that there are considerable individual differences in visual imagery; not everybody reports having spontaneous images). 



Answer: You might try mental arithmetic, or just repeating a shopping list to yourself. A classical method for studing visual imaging is mental rotation (See later chapters). You can mentally rotate the visual image of a chair, for example, or an animal. Arbitrary visual shapes are used in many mental rotation experiments. During spatial problem solving, such as remembering the location of a parked car, many people engage in relatively clear conscious imagery. It is useful to explore your own everyday experiences of imagery, inner speech, inner music, and the like. 

