Chapter 2
Multiple Choice Questions

1. By approximately which factor does brain size increase from birth to adulthood?
a. 1.5.
b. 4.
c. 12.
d. 36.
2. One of the main differences between human and other primate cortical development is

a. the very long period of postnatal development in humans.
b. the layered structure of the human neocortex.
c. thalamic input to the human neocortex.
d. the activity-dependent development of the human neocortex .
3. The part of the embryonic disk that forms the basis of the developing brain is the 

a. protocortex.
b. ectoderm.
c. astrocyte.
d. ribosome.
4. Most cells that form the basis of the brain are born in parts of the neural tube called

a. DNA.
b. dendritic branches.
c. proliferative zones.
d. glial zones.
5. In terms of their development, some subcortical structures differ from the cortex in that 

a. subcortical structures are formed through passive cell displacement but the cortex is formed through active cell displacement.
b. in the subcortical structures older cells are on the outside but in the cortex younger cells are on the outside. 

c. there is no difference between these structures.
d. a. and b.

6. The main difference between the brain anatomy of primates (especially humans) and lower species is 

a. the larger size of the primate thalamus.
b. that primate brains have a cerebellum.
c. the vastly larger neocortex in primates compared with the lower species.
d. that the primate brain has two hemispheres.
7. What is the approximate size of the human neocortex when it is stretched flat?
a. 24 cm2. 
b. 240 cm2.
c. 2,400 cm2.
d. 24,000 cm2.
8. How thick approximately is the neocortex?
a. 0.1 mm.
b. 3–4 mm.
c. 2 cm.
d. 7 cm.
9. Most sensory inputs to the cortex pass through the
a. cerebellum.
b. brain stem.
c. basal ganglia.
d. thalamus.
10. What are the hypothesized effects of the very slow development of the human brain?
a. It requires a lot of education.
b.  It leads to a bigger brain.
c. It allows for a role of sensory experience in the shaping of brain structures.
d. b and c.

11. Which of the following statements about the interactions between 
cortical and subcortical areas is true?

a. Many cortical areas have feedback connections to the subcortical 
areas from where they receive input.
b. Feedback from cortical to subcortical areas does not exist.
c. Cortical and subcortical areas develop independently from another.
d. Subcortical areas develop before the onset of cortical development.

12. The brain is composed mainly of the following cell types:
a. neurons.
b. glia.
c. neurons and glia.
d. neurons, glia, and enzymes

13. The most common type of neuron (approximately 80 percent) in the cortex is the
a. pyramidal cell.
b. cylindrical cell.
c. cubic cell.
d. stellate cell.
14. Most areas of the mammalian neocortex have how many layers?

a. 4.
b. 5.
c. 6.
d. 7.
15. Which of the following statements about cortical layers is true?
a. Most input fibers terminate in layer 4.
b. Layer 4 is especially thick in sensory areas.
c. Layer 5 mainly projects outputs to other brain regions.
d. All of the above.
16. A typical developmental pattern of synapse numbers in many brain areas in the postnatal brain is
a. a steady increase to adult levels.
b. a steady decrease to adult levels.
c. an increase followed by a decrease to adult levels.
d. a nearly constant number of synapses from infancy to adulthood.
17. Genetically identical twins have been found   
a. to have no detectable differences in their cortical anatomy.
b. to have significant differences in their cortical anatomy.
c. to refuse their brains to be scanned.
d. to actually differ slightly in their FOXP2 gene.
18. The hypothesis claiming that the differentiation of the neocortex into regions is largely activity-dependent is called the

a. protocortex hypothesis.
b. prototype hypothesis.
c. protomap hypothesis.
d. protocol hypothesis.
19. How can we explain the fact that in most adult brains approximately the same area supports the same function?
a. Precise genetic prespecification.
b. Fully dependent on experience, and most adults have the same experiences.
c. Brain size between adults is nearly constant 
d. Partly genetically prespecified, and partly dependent on experience.
20. What are remarkable questions about the brain that developmental research is aiming to answer?

a. How does the layered structure of the cortex develop?

b. How do different cortical areas take on different specializations?

c. Why is there such a great degree of overlap between individuals in how their cortex is organized into functional areas?

d. All of the above.
21. What happens if input from the thalamus to a cortical area is surgically reduced?

a. Nothing – the size and function of the cortical area are genetically prespecified.
b. The functional cortical area reduces in size.
c. The laminar structure of the cortical area is drastically altered.
d. b and c.
22. What happens when input to the visual cortex in the ferret is surgically rewired to project to the auditory cortex?

a. The auditory cortex starts responding to visual stimuli.
b. The auditory cortex develops the characteristics of the visual cortex (orientation selectivity).
c. The auditory cortex supports visual representations which can be shown in behavioral experiments.
d. All of the above.
23. When a piece of cortex of a rodent fetus is transplanted to another cortical area of a newborn rodent,

a. the piece retains the characteristics of the area where it originated.
b. the piece adopts the characteristics of the area to which it is transplanted.
c. the neurons in the piece stop responding and die.
d. this study has not been done and answers are speculative.
24. In human infants,

a. prefrontal cortical regions mature significantly later than visual areas.
b. deeper cortical layers mature later than more superficial layers.
c. superficial cortical layers mature later than deeper layers.
d. a and c.

Short Answer Questions
1. What are the main factors causing the increase of brain size from birth to adulthood?

2. Briefly describe the sequence of prenatal brain development.
3. Explain briefly how neurons and glial cells are produced in the developing brain.
4. Is prenatal development determined solely by an unfolding of genetic instructions?
5. Briefly describe the pathway of visual input from the eye to the cortex.
6. Describe the structure of a typical neuron.
7. Briefly describe problems of studying postnatal brain development through post-mortem studies and imaging.
8. Describe briefly the protocortex view of postnatal brain development.
9. Describe Rakic’s radial unit model of cortical differentiation.
10. What kinds of animal studies have provided evidence for the protocortex hypothesis of cortical development?

Essay Questions
1. Discuss how cortical rewiring and transplant experiments in rodents inform our theories of the development of the human neocortex.
2. Contrast and compare the protomap and protocortex views of cortical development in terms of their predictions and available neurobiological evidence.
Answers Multiple Choice Questions
1.b   2.a.   3.b    4.c    5.d    6.c   7.c   8.b    9.d   10.d    11.a    12.c   13.a   14.c   15.d    16.c    17.b  18.a  19.d   20.d   21.b    22.d    23.b    24.d   

Answers Short Answer Questions
1. Increase in fiber bundles, myelination, dendritic elaboration, synapse formation.
2. Blastocyst – embryonic disk (ectoderm) – neural tube – neurulation (proliferation, migration, differentiation).
3. Division of proliferating cells into “clones.” Neuroblasts and glioblasts.

4. No. Spontaneous activity; chemical environment.
5. Retina–thalamus (LGN)–cortex (V1) (–higher visual areas) (–and feedback projections to lower areas).
6. Cell body (soma) with axon and dendritic branch.
7. Post-mortem analysis: little data and often abnormal brains; imaging: normally only when clinical indication, expensive. Cannot be well generalized to normal brain 

8. Cortex is uniform, omnipotent; specialization emerges through input from sensory systems and lower areas. 
9. All cells emerging from the same proliferative cell migrate together (along the same radial glial fiber) in an inside-out pattern, and form one radial column. 
10. Rewiring of input to a different area; reducing input to the cortex; transplanting cortical tissue to other regions. Results: adaptation to altered input.
