Chapter 15 Study Questions with solutions

1. In what ways have neuroimaging techniques changed the way infant and child development is investigated? 

Non-invasive and minimally-invasive neuroimaging techniques have provided new ways to investigate the development of the brain during infancy and childhood (see pages 412-413). These techniques are used to make anatomical and physiological measurements of the brain, such as assessing the growth of white matter or the thickness of the cortex (see Figure 15.2). These techniques have also provided the means to study the functional development of the brain, such as investigating brain regions that process human speech. 

2. What does the term  “bidirectional influences” refer to in human development? Why is it an important concept?

Bidirectional influences refer to the two-way interactions between genetic expression and influences from the environment (see page 414 and Figure 15.3). Epigenesis, the unfolding of genetic information within a specific context, is key to modern ideas about development. Understanding the two-way interactions between epigenetic processes and the environment is a critical aspect of developmental cognitive neuroscience theory.   

3. Provide an example of a nature-and-nurture interaction that occurs before birth?

One example of a nature-and-nurture interaction that occurs before birth is the action of a teratogen: a teratogen is any environmental agent that causes damage during the prenatal period (see page 420). Examples of common teratogens are the mother’s use of alcohol or drugs. 

4. How does a pregnant woman’s use of alcohol, tobacco, and marijuana affect an unborn child?

The prenatal brain is highly susceptible to the affects of alcohol, as well as other teratogens such as marijuana, cigarettes, and both illegal and some prescription drugs. The damage caused by maternal drinking of alcohol is called Fetal Alcohol Syndrome (FAS) (see page 420-421 and Figure 15.12). The effects of FAS are long-lasting and affect memory, learning, and attentional processes. The effects of maternal smoking of cigarettes or marijuana are also long term and involve integrative functions as well as working memory (see Figure 15.13). 

5. Which brain regions develop and mature early in childhood? Which regions develop later on in childhood?

Sensorimotor cortex (areas for processing visual, auditory, and touch stimuli, and for motor system development) develops early in childhood, maturing within the first few months of life (although there are developmental changes that occur throughout childhood) (see pages 424-425).  The frontal lobes, and in particular the prefrontal cortex, develop and mature later in childhood and throughout the teen years (see Figure 15.15).     

6. How is language acquisition studied in infants? What are some of the most important debates about language acquisition?

One method for investigating language acquisition in infants is to test whether the infant can discriminate between phonemes (see Chapter 7) of his or her native language (see pages 427-430). These experiments typically use behavioral methods with infants and toddlers. Another method for studying language acquisition in infants is through the use of electroencephalography to record event-related potentials (ERPs) from the brain for differing speech sounds (see page 429).   FMRI studies of infant speech perception have also been conducted, showing brain areas that are activated for speech sounds in infants as young as 2-3 months (see Figure 15.19).     

A central debate in the study of infant language acquisition is whether language processes are ‘biologically special’ or if human language abilities are just a special case of general human cognitive learning and development (see page 428). While it seems clear that human language needs influences from both nature (biological predisposition) and nurture (the environment), the nature-or-nurture debate remains a central one in the field.     

7. The development of object permanence in infants has been the focus of much study. Describe an experiment for investigating object permanence and its possible results for a) a 6-month old and b) a 12-month old.

Object permanence is studied in infants typically by placing an item – perhaps a toy – under one of two cups (see Figure 15.20a). The child is then encouraged to reach for the toy. After each successful reaching for the toy under the cup, the experimenter replaces the toy under the same cup in full view of the child. After several trials, the experimenter places the toy under the other cup, again in full view of the child. Children under the age of 9 months typically continue to look for the toy under the initial cup: they persevere in looking in the same place despite the fact that they watched the experimenter place it in a new position. After the age of 9 months, children will change their behavior once they observe the experimenter move the toy to under a different cup and will successfully reach for the toy in that new location. Thus, one would predict that a 6-month old child would perseverate on this object permanence task and continue to reach for the toy under the initial cup, and that a 12-month old child would not perseverate, but instead would reach for the toy under the correct cup.  

8. How early in life do face processing systems develop? How are they tested in babies?

The developmental literature is mixed on this topic: some researchers report that face processing systems develop throughout early infancy and childhood, while others propose that a preference for looking at faces is in place even within minutes of birth, although face processing systems will continue to grow and mature (see pages 433-437). 

One way to test face perception in infants is to have simplified stimuli showing a) a human face, b) a scrambled face, and c) a blank pattern (see Figure 15.23). The infants eye-tracking of each of the three stimulus conditions is measured. Another method for investigating face perception in infants is to use electroencephalography to record ERPs to upright and inverted faces. Based on similar experiments performed with adults, the timing of evoked components differs depending on whether the faces are presented upright or inverted (see Figure 15.24).      

9. What brain areas are active during face perception? Do they differ depending on the emotion (anger, happiness) expressed in the faces being perceived? What is the evidence about emotional facial expressions to date?

In adults, the fusiform face area (FFA) in the inferior temporal lobe is active for non-changing faces. Studies with children have provided evidence that similar areas are active for faces in older children (11-14 years), although the activation is more diffuse than that seen in adults (see pages 444-445). These findings indicate that while there may be a preference for tracking human faces that is apparent shortly after birth, face perceptual processes are slow to mature.     

Studies of emotional faces provide evidence that brain activation for negative emotions (such as disgust, fear) is stronger in children in the age range 10-12 years than activation for positive emotions (such as happiness) (see Figures 15.35 and 15.36). Thus, while face perception processes are thought to be slow to mature, emotional cues present in faces appear to be mature (adult-like) by the age of 10 years.    

10. What aspects of language perception develop during the 1st year of life? What aspects develop during the 2nd year?

Discrimination of phonemes (sounds of a language) and word stress patterns appear to develop early in life, during the first 5 months. Identification of intonational boundaries and phrase boundaries develops during the second half of the first year of life.  Word (lexical) processing and semantic knowledge expands during the second year of life, as do some aspects of sentence level processing.  

11. What is cognitive control? How is it studied in children?

Infants and children must learn which aspects of their environment are important and should be attended to, and which aspects are irrelevant. These learning mechanisms are called cognitive control. Cognitive control becomes more and more important throughout childhood as the child’s environment becomes more and more complex.  One method to investigate cognitive control in children is using a ‘go-no go’ task, where children have to suppress a response (‘no go’) for some stimuli. Successful response suppression is as aspect of cognitive control.   

Neuroimaging studies of cognitive control have only recently been undertaken, with results showing that regions in prefrontal cortex are activated in tasks requiring cognitive control mechanisms. A general finding is that younger children exhibit broader, more diffuse brain activation for cognitive control tasks, while older children and adults show more focal and fine-tuned patterns of activation (see pages 440-441 and Figure 15.30).     

12. Do infants who have early (perinatal) brain injury develop in a typical way? Why or why not? If not, are there some brain processes that are particularly vulnerable to early damage?   

While brain injury in adults typically leads to long-term deficits, infants with perinatal brain injury usually develop full functions. Initially, these infants may be delayed in some cognitive milestones, however they seem to ‘catch-up’ by the age of 5 years (see pages 448-450). Careful testing of these children, however, reveals that there are some long-standing underlying deficits in these children. Thus while these children tend to develop cognitively along a typical pattern, they may have some aspects of complex cognitive processing – such as language competence – in which they perform in a lower than normal manner (see Figure 15.39).         

