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To experience empathy, an individual must have perspective-taking abilities (Hoffman, 
2000). Being able to take another person’s perspective involves comparing one’s own view 
with the contrasting views of the other person. Activation of the prefrontal cortex is key in the 
ability to identify how another person would feel (Amodio & Frith, 2006; Hooker, Verosky, 
Germine, Knight, & D’Esposito, 2008). In particular, mirror neurons in the inferior fron-
tal gyrus (which is located in the frontal lobe) are involved in understanding the emotional 
state of others (Carr, Iacoboni, Dubeau, Mazziotta, & Lenzi, 2003). Mirror neurons become 
activated when a person performs an action and also when a person observes someone else 
doing the same action. These neurons enable the translation of an observed action into its 
corresponding internal emotional response. They are important for recognizing facial expres-
sions and imitating them, which is necessary for recognizing and expressing emotions (Bodini, 
Iacoboni, & Lenzi, 2004; Keysers & Gazzola, 2006; Shamay-Tsoory, 2011).

As we already discussed, regions of the frontal lobe develop slowly over the course of 
childhood and adolescence, and components of the limbic system (such as the amygdala) 
begin to mature somewhat earlier (Casey et al., 2008; Konrad, Firk, & Uhlhaas, 2013). The 
differential rates of development of these brain areas may account for the gradual devel-
opment of emotional skills such as empathy and perspective taking (Eisenberg, Morris, 
McDaniel, & Sprinrad, 2009). There also may be individual differences in development that 
result in the lack of ability to identify and feel others’ emotions. For example, children with 
autism spectrum disorder (who have impairments in social interaction and communication 
skills) show reduced activation in the mirror neuron system of the inferior frontal gyrus 
during imitation of emotional expressions compared to typically developing children (Carr 
et al., 2003; Dapretto et al., 2006). This may help explain their inability to identify and 
understand others’ emotions. As we will see next, the different time course of maturation 
for the frontal and limbic areas also helps explain the development of decision-making and 
risk-taking behaviors.

DECISIONS AND RISKS
Decision making is a complex cognitive skill that develops gradually through childhood and 
peaks in adolescence (Blakemore & Choudhury, 2006). During adolescence, individuals also 
begin to acquire formal operational thinking, according to Piaget’s theory of cognitive devel-
opment. Formal operational thinking refers to the ability to think abstractly, form hypotheses, 
consider alternative arguments, and weigh consequences (Brainerd, 2003; Zigler & Gilman, 
1998). Development of this type of thinking is situational and requires extensive experiences 
in and out of school. According to Piaget’s theory, individuals develop formal operational 
thinking at different rates (depending on experiences), and this process continues into early 
adulthood (Piaget, 1970, 1972; Zigler & Gilman, 1998). This is consistent with neurosci-
ence research indicating that development of the prefrontal cortex—necessary for modulating 
attention, regulating emotions, inhibiting responses, foreseeing consequences, setting priori-
ties, and making decisions—continues until around age 20 (Romer, 2010; Siegler, DeLoache, 

Autism spectrum 
disorder: See Module 22

Formal operational 
thinking: See Module 6

Adolescent decision-
making. Immature frontal 
lobe development may 
lead teens to make risky 
decisions in peer situations.
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