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lobe structures, including the amygdala, hippocampus, and neocortical temporal lobe func-
tions (Shenton, Dickey, Frumin, & McCarley, 2001). More recent reviews point to a connection 
between the DLPFC and disorganized symptoms (Goghari, Sponheim, & MacDonald, 2010). In 
addition, the ventrolateral prefrontal cortex (VLPFC) was found to be associated with negative 
symptoms and the medial prefrontal activity with positive symptoms (see Figure 13.5).

The EEG reflects the electrical activity of the brain at the level of the synapse (Nunez & 
Srinivasan, 2006). It is the product of the changing excitatory and inhibitory currents at the syn-
apse. The neural oscillations seen in the EEG offer a window for understanding how brain pro-
cesses influence cortical networks, which can reflect normal cognitive, emotional, and motor 
processes. More low-frequency oscillations seen in the theta (4–7 Hz) and alpha (8–12 Hz) 
ranges reflect longer distant relationships in the brain, whereas higher frequency oscillations 
in the beta (13–30 Hz) and gamma (30–200 Hz) ranges reflect more local cortical networks 
(Uhlhaas & Singer, 2011, 2012).

Activity in the four frequency bands has been associated with a variety of cognitive processes 
in normal functioning. Since individuals with schizophrenia may show deficits in these cognitive 
processes, the study of cortical oscillations offers important insights into how schizophrenic pro-
cesses affect the brain.

Cortical networks in the brain begin in utero and the period following birth. However, the 
development of these networks is not perfectly continuous. There is also a fundamental reorga-
nization of these networks in adolescence (Uhlhaas et al., 2009; Uhlhaas & Singer, 2011, 2012). 
The reorganization during adolescence is reflected in both cognitive performance and EEG 
synchrony (Uhlhaas et al., 2009). Prior to adolescence, there is a period of increase over the 
years in both cognitive performance and EEG synchrony. This synchrony is reflected in similar 
EEG activity displayed in a variety of sites throughout the brain. However, during adolescence 
there is a decrease in both. After this period, there is a reorganization of EEG activity such that 
the synchrony is more focused at specific EEG sites, especially parietal and occipital electrodes.

Figure 13.6 depicts three critical periods in which changes in the physiology and anatomy 
of cortical processes would show changes consistent with the neurodevelopmental hypothesis 
of schizophrenia. The first period is fetal development in which genetic and epigenetic factors 
impair the electrical activity of the brain and with that the rhythmical activity associated with the 
formation of cortical circuits. Adverse experiences during fetal development are associated with 
the development of schizophrenia (Debnath, Venkatasubramanian, & Berk, 2015). The second  
stage involves the reorganization of cortical networks seen in adolescence. Along with this come 
changes in white and gray matter as well as neurotransmitters. Although all adolescents show 
gray matter declines in the PFC during this period of synaptic pruning, declines are higher in 
individuals with schizophrenia (Karlsgodt, Sun, & Cannon, 2010). The third stage describes 
the situation in which individuals with schizophrenia fail to develop the coordinated networks  
necessary for normal cognitive processes.

FIGURE 13.5 Differential 
Activity in the Brain Related to 
Symptoms of Schizophrenia
The ventrolateral prefrontal cortex 
(VLPFC) is associated with negative 
symptoms (red) and medial prefrontal 
activity with positive symptoms 
(yellow). The figure shows differential 
brain activity exhibited in schizophrenia 
by positive symptoms, negative 
symptoms, and disorganization.
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