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A B S T R A C T   

The theta band is one of the most prominent frequency bands in the electroencephalography (EEG) power 
spectrum and presents an interesting paradox: while elevated theta power during resting state is linked to lower 
cognitive abilities in children and adolescents, increased theta power during cognitive tasks is associated with 
higher cognitive performance. Why does theta power, measured during resting state versus cognitive tasks, show 
differential correlations with cognitive functioning? This review provides an integrated account of the functional 
correlates of theta across different contexts. We first present evidence that higher theta power during resting state 
is correlated with lower executive functioning, attentional abilities, language skills, and IQ. Next, we review 
research showing that theta power increases during memory, attention, and cognitive control, and that higher 
theta power during these processes is correlated with better performance. Finally, we discuss potential expla
nations for the differential correlations between resting/task-related theta and cognitive functioning, and offer 
suggestions for future research in this area.   

1. Introduction 

Electroencephalography (EEG) has emerged as a widely used tool for 
measuring brain activity in developmental research. Compared with 
other neuroimaging techniques such as functional magnetic resonance 
imaging (fMRI), EEG represents a more accessible measure of the elec
trical activity of the brain, providing unique insights into the temporal 
dynamics of neurocognitive processes (Davidson et al., 2000). In recent 
years, developmental EEG research has made significant progress by 
adopting more sophisticated analysis methods (Buzzell et al., 2023). A 
particularly fruitful area of research has focused on the analysis of 
oscillatory EEG activity (Cuevas and Bell, 2022; Saby and Marshall, 
2012). Oscillatory EEG activity reflects rhythmic changes in local field 
potentials (LFPs), which are influenced by fluctuations in neuronal 
excitability (Nunez and Srinivasan, 2006; Thut et al., 2012). These 
neural oscillations are thought to play a crucial role in shaping cortical 

networks and coordinating neural activity across brain regions (Buzsaki, 
2006; Uhlhaas et al., 2010). 

In developmental research, oscillatory EEG activity is typically 
examined either during resting state (i.e., when participants are sitting 
“at rest” and perform no assigned tasks; see Section 5.2 for more dis
cussion about this definition) or during cognitive tasks. To characterize 
oscillatory neural activity, continuous EEG signals are converted from 
the time domain to the frequency domain and divided into frequency 
bands bearing the names of Greek letters (delta, theta, alpha, beta, 
gamma). These bands are defined based on frequency characteristics, 
functional properties, and spatial distribution (Kuhlman, 1980). The 
energy within each frequency band is quantified by spectral power (the 
square of signal amplitude; Thatcher, 1998). Among various frequency 
bands, the theta band stands out for its prominence in the power spec
trum and for its unique position as a transition point traditionally used to 
differentiate low-frequency (e.g., delta, theta) and high-frequency (e.g., 
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alpha, beta, gamma) bands (Klimesch, 1999; Saad et al., 2018). 
Growing evidence suggests that theta activity exhibits distinct 

functional correlates during resting state versus cognitive tasks. Greater 
theta power during resting-state recordings has been linked to lower 
cognitive abilities in children and adolescents (e.g., Maguire and 
Schneider, 2019; Perone et al., 2018), suggestive of a negative relation 
between resting theta power and cognitive functioning. By contrast, 
task-related EEG research has consistently found positive associations 
between theta power during cognitive tasks and behavioral performance 
(e.g., Begus et al., 2015; Brandes-Aitken, Metser, et al., 2023). Why does 
theta power, measured during resting state versus tasks, show distinct 
correlations with cognitive performance? This article integrates evi
dence on the functional correlates of theta activity from both 
resting-state and task-related EEG literatures. We begin with a brief 
overview of the development of oscillatory EEG activity. Next, we re
view evidence on how resting theta and task-related theta are linked to 
different aspects of cognitive functioning, highlighting their divergent 
patterns of associations. Finally, we synthesize evidence from both lit
eratures and explore potential explanations for the divergent associa
tions observed across contexts. 

2. The development of oscillatory EEG activity 

Developmental EEG research has demonstrated that frequency bands 
with similar functional and topographical characteristics tend to be 
slower in younger (vs. older) individuals (Isler et al., 2022; Marshall 
et al., 2002; Orekhova et al., 2006; Stroganova et al., 1999). To account 
for this age-related shift, the boundaries of different frequency bands are 
usually set at lower values for younger children (Saby and Marshall, 
2012). As children grow older, the boundaries of different frequency 
bands shift upward. For example, although there is some debate about 
the exact boundaries, theta frequency ranges are typically around 
3–5 Hz in infants and 4–8 Hz in adults (Orekhova et al., 1999). An 
alternative strategy for setting frequency boundaries across age groups 
involves the use of individual alpha peak frequency (IAF; Doppelmayr 
et al., 1998; Lansbergen et al., 2011). Because individuals exhibit greater 
alpha power when their eyes are closed versus open (Gale et al., 1971; 
Jasper, 1936), IAF can be determined by identifying the specific fre
quency within the alpha range that shows the greatest power differences 
between eyes-closed and eyes-open conditions (see also Donoghue, 
Haller, et al., 2020 for an alternative method of identifying IAF). Sub
sequently, the boundaries of different frequency bands can be estab
lished using proportions of the IAF, with steps of 20 % IAF between 
bands (e.g., delta:.2×IAF-.4×IAF, theta:.4×IAF-.6×IAF, low
er-1-alpha:.6×IAF-.8×IAF, lower-2-alpha:.8×IAF-1×IAF, upper-alpha: 
1×IAF-1.2×IAF, beta:1.2×IAF-25 Hz; Doppelmayr et al., 1998; Lans
bergen et al., 2011). 

As the brain develops, the composition of the EEG power spectrum as 
a whole also undergoes changes. EEG power is typically calculated 
either as absolute power (representing the total energy within a fre
quency band; conversion to dB or other log scales is sometimes 
employed) or as relative power (i.e., the absolute power of a specific 
frequency band divided by total absolute power across all frequencies). 
While there is always some energy within each frequency band across 
age groups, the relative power of frequency bands changes with age 
(Fig. 1). During early childhood, the resting EEG power spectrum is 
dominated by slower oscillations such as delta and theta (Cellier et al., 
2021; Schaworonkow and Voytek, 2021). During this period, the peak of 
oscillatory activity typically falls within the theta range (e.g., 3–4 Hz; 
Lodder and van Putten, 2011; Rodríguez-Martínez et al., 2017), 
although some individuals may exhibit two distinct peaks – one in the 
theta range and one in the alpha range (Klimesch, 1999). From infancy 
through adolescence, relative power in lower-frequency bands decreases 
while relative power in higher-frequency bands (e.g., alpha, beta, and 
gamma) increases (Benninger et al., 1984; Clarke et al., 2001; Marshall 
et al., 2002; Miskovic et al., 2015; Perone et al., 2018). In adulthood, the 

peak of oscillatory activity shifts to the alpha range (8–12 Hz; Chiang 
et al., 2011; Klimesch, 1999). 

The age-related changes in relative EEG power are linked to synaptic 
pruning, grey matter reduction, and the maturation of the gamma- 
aminobutyric acid (GABA) neurotransmitter system (Feinberg and 
Campbell, 2010; Hashimoto et al., 2009; Smit et al., 2012; Whitford 
et al., 2007). Animal research has shown that higher-frequency (e.g., 
gamma) oscillations in mature brains rely on rapid interaction between 
excitatory pyramidal cells and inhibitory interneurons (Atallah and 
Scanziani, 2009; Cardin et al., 2009), with GABA playing a crucial role 
in inhibitory effects (Buzsáki and Wang, 2012; Kubota et al., 2016). In 
less mature brains, however, GABA functions as an excitatory (vs. 
inhibitory) neurotransmitter due to a high intracellular concentration of 
chloride (Cl− ). During this developmental stage (e.g., the first two 
postnatal weeks in rats and until a few days before birth in primates), 
neural oscillations primarily rely on recurrent, long-lasting potentials 
known as giant depolarizing potentials (GDPs), which are too slow for 
generating high-frequency oscillations. Consequently, lower-frequency 
rhythms dominate the power spectrum in less mature brains. As the 
brain grows, the intracellular concentration of chloride decreases, 
allowing GABA to exert its canonical inhibitory effects and giving rise to 
higher-frequency oscillations (Ben-Ari, 2002; Le Van Quyen et al., 
2006). Because lower-frequency oscillations are associated with 
long-distance neural communication, the age-related decline in 
lower-frequency EEG power is thought to reflect a relative decrease in 
long-range connections between individual neurons, more efficiently 
integrated local networks, and improved white matter integrity across 
brain regions (Von Stein and Sarnthein, 2000). 

3. Resting theta and cognitive functioning 

The age-related shift of relative EEG power from lower to higher 
frequency bands has led to the hypothesis that an excess of power in 
lower-frequency (i.e., delta, theta) bands during resting state in older 
children indicates a maturational lag in brain development (Corning 
et al., 1982, 1986; Matsuura et al., 1993). This hypothesis is supported 
by research showing that children exposed to environmental adversities 
often exhibit elevated EEG power in lower-frequency bands and 
decreased EEG power in higher-frequency bands. For instance, 
compared with typically-developing children, children who experienced 
severe psychosocial deprivation due to institutional rearing showed 
higher relative EEG power in the theta band and lower relative power in 
the alpha band during resting-state paradigms (e.g., passively viewing a 
bingo wheel, alternating between having eyes open and closed; Debnath 

Fig. 1. Schematic illustration showing the age-related shift of resting EEG peak 
oscillatory activity from the theta range to the alpha range. Adapted from 
Cellier et al. (2021). 
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et al., 2020; Marshall et al., 2004; Vanderwert et al., 2016). Such brain 
activity pattern mediated the associations between institutional rearing 
and symptoms of hyperactivity and impulsivity at age 54 months 
(McLaughlin et al., 2010). Magnetic resonance imaging (MRI) research 
revealed that the effect of institutional rearing on resting EEG power was 
partially explained by a decrease in cortical white matter volume 
(Sheridan et al., 2012). Similar patterns of resting EEG activity have 
been observed in children from low-income (vs. higher-income) families 
(Harmony et al., 1988; Maguire and Schneider, 2019; Otero, 1994; 
Otero et al., 2003; Tomalski et al., 2013) and in those exposed to higher 
caregiver stress (Brandes-Aitken, Pini, et al., 2023; Jensen et al., 2021; 
Pierce et al., 2019; Troller-Renfree et al., 2020, 2023). Critically, these 
brain activity patterns appear to be modifiable through randomized 
control interventions targeting environmental factors (Debnath et al., 
2020; Troller-Renfree et al., 2022; Vanderwert et al., 2010, 2016). 
Together, these studies demonstrate that resting-state brain activity is 
sensitive to environmental influences, supporting the idea that indi
vidual differences in resting brain activity reflect functional brain 
development. 

If individual differences in resting brain activity reflect functional 
brain development, then patterns of resting EEG observed in more 
mature brains (e.g., lower resting theta power) should correlate with 
higher cognitive functioning. In the following sections, we review evi
dence that individual differences in resting EEG power are associated 
with different aspects of cognitive functioning, with a particular focus 
on theta activity (see Table A.1 for a summary of key studies). For recent 
reviews on EEG activity in other frequency bands, see Anderson and 
Perone (2018) and Cuevas and Bell (2022). 

3.1. Executive functioning 

Executive functioning refers to a set of cognitive abilities responsible 
for regulating thought and behavior (Anderson, 2002; Carlson, 2005; 
Diamond, 2013). These include working memory (holding and manip
ulating information), inhibitory control (suppressing prepotent re
sponses), and cognitive flexibility (shifting between tasks or mental 
sets). While research to date has found no associations between resting 
theta power and executive functioning in infants (Brito et al., 2016; 
Troller-Renfree et al., 2020), growing evidence suggests that higher 
resting theta is associated with lower executive functioning in older 
children and adolescents. 

In a study using the eyes-open/eyes-closed paradigm, Maguire and 
Schneider (2019) found that 8–15-year-old children from lower- (vs. 
higher-) income families displayed higher absolute resting theta 
(4–8 Hz) power over the right parietal brain region and lower absolute 
resting alpha power over the left frontal and central regions. These 
findings align with past research linking environmental challenges to 
resting EEG patterns. Crucially, higher resting theta power was corre
lated with lower working memory across all participants, whereas 
higher resting alpha power was correlated with greater vocabulary in 
participants from low-income families. These results provide evidence 
for the negative associations between resting theta power and working 
memory in children and adolescents. 

Similar associations between resting theta and executive functioning 
have been reported in studies using power ratio measures. Using the 
eyes-open/eyes-closed paradigm, Perone and colleagues (2018) exam
ined resting brain activity in typically developing children and found 
that relative resting theta (frequency range:.4×IAF-.8×IAF) power over 
frontal and posterior regions declined from 3 to 9 years of age. Impor
tantly, children with higher theta/beta power ratios during resting state 
showed lower performance on working memory, inhibitory control, and 
cognitive flexibility tasks; the effects held even after accounting for age 
and verbal ability differences. Similarly, Cai and colleagues (2021) 
examined resting EEG power over the frontal brain region in 7–9-year- 
old children using the eyes-open/eyes-closed paradigm. They found 
that, after controlling for age and verbal ability, greater resting alpha/ 

theta and beta/theta ratios (theta frequency range: 4 Hz - IAF-2 Hz) 
predicted higher inhibition skills, and that greater resting beta/theta 
ratios predicted higher planning skills. Together, these findings 
demonstrate the links between resting theta power ratios and various 
components of executive functioning in children. It is important to note 
that changes in theta ratio scores can be driven by EEG power changes in 
the theta band and/or changes in other frequency bands. Hence, theta 
ratio scores do not necessarily reflect theta activity per se, and care 
should be taken when interpreting findings based on these ratios. 

3.2. Attention 

Attention refers to the ability to selectively focus on certain aspects of 
the environment while ignoring others (Johnston and Dark, 1986). This 
ability facilitates the allocation of limited mental resources to important 
tasks and promotes adaptive behaviors. An increasing body of research 
suggests that higher resting theta power is associated with reduced 
attentional abilities. In infancy, Perone and Gartstein (2019) recorded 
EEG in 6–12-month-olds during passive viewing of videos depicting 
colorful objects, and found that higher relative resting theta (3–6 Hz) 
power and lower relative resting beta and gamma power over the frontal 
region were associated with lower parent-reported attentional abilities. 
In childhood and adolescence, increased lower-frequency power 
(including theta power) and decreased higher-frequency power during 
resting state have been linked to attentional deficits (Clarke et al., 2002; 
Lazzaro et al., 1999; Satterfield et al., 1974). Indeed, increased resting 
theta power and theta/beta ratio are frequently observed in individuals 
diagnosed with Attention Deficit Hyperactivity Disorder (ADHD; for a 
review, see Barry et al., 2003), and the United States Food and Drug 
Administration (FDA) has approved the use of resting theta/beta ratio as 
a diagnostic marker for ADHD (Food and Drug Administration, 2013). 
However, the associations between resting theta/beta ratio and ADHD 
have not consistently replicated across studies (for reviews, see Arns 
et al., 2013; Lenartowicz and Loo, 2014; Loo and Makeig, 2012), and 
increased resting theta/beta ratio has been linked to other mental health 
conditions such as schizophrenia, obsessive-compulsive disorder (OCD), 
and internet addiction (Newson and Thiagarajan, 2019). Therefore, the 
use of resting theta/beta ratio in ADHD assessment remains a subject of 
debate (Gloss et al., 2016; Saad et al., 2018), and further research is 
needed to elucidate the relations between resting theta/beta ratio, 
ADHD, and other mental health conditions. This issue will be revisited in 
Section 5.1. 

3.3. Language 

In addition to executive functioning and attentional abilities, higher 
resting theta power has also been linked to lower language skills in 
children and adolescents. While no associations were found between 
absolute resting theta (4–6 Hz) power at birth and language skills at 15 
months in infants (Brito et al., 2016), a negative association was found in 
older children (9–11-year-olds) between absolute theta (4–8 Hz) power 
over the left central-prefrontal regions during a resting eyes-open con
dition and performance on a sentence repetition task (Lum et al., 2022); 
the association was specific to the theta band. Using a similar 
resting-state paradigm, Meng and colleagues (2022) found that greater 
reductions in relative resting theta (4–8 Hz) power across the scalp from 
7 to 9 years and from 7 to 11 years predicted higher expressive vocab
ulary at 9 and 11 years, respectively. These associations remained sig
nificant after controlling for individual differences in general cognitive 
abilities, age, home literacy environment, and phonological skills. 
Conversely, greater increases in beta power across the scalp from 7 to 9 
years predicted higher receptive vocabulary at 11 years. These findings 
provide evidence that higher resting theta power is associated with 
lower language skills in childhood and early adolescence. 

In clinical research, higher resting theta power has been linked to 
reading difficulties. For instance, Papagiannopoulou and Lagopoulos 
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(2016) demonstrated that, compared with typically developing children, 
8-year-old children diagnosed with dyslexia exhibited increased resting 
relative theta (3.6–7.4 Hz) power over the left frontal brain region 
during an eyes-closed condition. Similarly, Arns and colleagues (2007) 
found that 10–16-year-old children diagnosed with dyslexia displayed 
increased absolute resting delta and theta (4–7.5 Hz) power over the 
frontal and right temporal brain regions during an eyes-open condition. 
These studies provide further evidence for the negative associations 
between resting theta power and language abilities in children and 
adolescents. 

3.4. Intelligence quotient (IQ) 

IQ tests are designed to offer a comprehensive assessment of intel
lectual ability across different cognitive domains, including perceptual 
reasoning, verbal comprehension, working memory, and processing 
speed (Wechsler, 2004). Widely used in educational and clinical set
tings, IQ scores have been shown to predict real-life outcomes such as 
academic achievement (Deary et al., 2007), job performance (Schmidt 
and Hunter, 2004), socioeconomic status (Strenze, 2007), and health 
outcomes (Calvin et al., 2017). 

A recent study demonstrates that early individual differences in 
resting theta power are associated with IQ in adulthood (Tan et al., 
2023). This study leveraged data from the Bucharest Early Intervention 
Project (BEIP), a randomized controlled trial of foster care as an alter
native to institutional care (Zeanah et al., 2003), to examine the effects 
of early institutional rearing and foster care intervention on neuro
cognitive development. Results showed that higher relative theta 
(3–5 Hz) power, measured across the scalp during passive viewing of a 
spinning bingo wheel across three assessments from 22 to 42 months, 
predicted lower full-scale IQ at 18 years. In addition, institutional 
rearing and later (vs. earlier) foster care placement predicted higher 
relative resting theta power in early childhood, which in turn predicted 
lower IQ at 18 years. These findings suggest that early experiential 
factors influence long-term cognitive development through changes in 
early brain activity. Notably, the effects were specific to the theta band, 
and post-hoc analyses on different domains of the IQ test replicated the 
overall effects in the perceptual reasoning, working memory, and pro
cessing speed domains. These findings suggest that early individual 
differences in resting theta power hold meaningful implications for 
predicting global measures of cognitive abilities into adulthood. 

3.5. Interim discussion 

The studies reviewed above provide evidence that early environ
mental adversity is associated with heightened resting theta power, and 
that children and adolescents with elevated resting theta power tend to 
exhibit lower executive functioning, attentional abilities, language 
skills, and IQ. These findings underscore a negative association between 
resting theta power and cognitive functioning during childhood and 
adolescence. It is important to note that most of the relations reported in 
this section are based on correlational studies, leaving the causal rela
tion between resting brain activity and cognitive functioning unclear. In 
addition, there are considerable methodological variations among the 
reviewed studies, including differences in paradigms used to assess 
resting EEG (e.g., eyes-open/eyes-closed conditions, passive viewing of 
videos or spinning bingo wheels), brain regions examined (e.g., across 
the scalp, frontal/parietal/temporal regions), the use of absolute versus 
relative power, and the use of power versus power ratio scores. These 
discrepancies make direct comparisons between studies challenging. 
Nonetheless, the emergence of negative associations despite methodo
logical differences suggests that the overall inverse relation between 
resting theta power and cognitive functioning is robust. 

It is worth noting that the associations between resting theta power 
and cognitive functioning appear to be less consistent in adults than in 
children and adolescents (Finnigan and Robertson, 2011; Kavcic et al., 

2016; Sargent et al., 2021; cf. Jelic et al., 1996; Roca-Stappung et al., 
2012), and recent evidence suggests that the direction and strength of 
these relations may change with age in late adulthood (Lithfous et al., 
2015; Trammell et al., 2017; Vlahou et al., 2014). Thus, the relations 
between resting theta and cognitive functioning may be nonlinear across 
development, highlighting the importance of considering age when 
using resting EEG power as an index of brain development. 

Are individual differences in cognitive functioning uniquely associ
ated with theta? While some studies have found specific links between 
cognitive functioning and resting theta power (e.g., Lum et al., 2022; 
Tan et al., 2023), similar links have been shown in other frequency 
bands. For example, greater resting alpha power has been associated 
with higher executive functioning in infants (Bell and Fox, 1992, 1997; 
but see Kraybill and Bell, 2013), and greater resting gamma power has 
been linked to higher executive functioning and language abilities in 
infants and children (Benasich et al., 2008; Brito et al., 2016; Gou et al., 
2011; Tarullo et al., 2017; Williams et al., 2012; see also Barry et al., 
2010; Tomalski et al., 2013; for recent reviews, see Anderson and Per
one, 2018; Cuevas and Bell, 2022). These findings are in line with the 
theta/alpha and theta/beta effects reported earlier, and support the 
hypothesis that decreased lower-frequency power and increased 
higher-frequency power during resting state are associated with higher 
cognitive functioning. Indeed, it is possible that the associations be
tween resting theta power and cognitive functioning are driven by ef
fects across the entire power spectrum, rather than theta effects per se. 
This issue will be revisited in Section 5.1. 

4. Task-related theta and cognitive functioning 

Task-related EEG studies examine changes in brain activity during 
specific cognitive processes. These studies often use time-frequency 
analysis to characterize the temporal dynamics of brain activity in 
response to events of interest (Morales and Bowers, 2022). In contrast to 
resting EEG research, which has predominantly found negative corre
lations between theta power and cognitive functioning, task-related EEG 
research consistently found positive associations between theta power 
and cognitive performance. In the following sections, we review evi
dence that the engagement of cognitive processes (including memory, 
attention, and cognitive control) is associated with increased theta 
power, and that greater theta power during cognitive tasks predicts 
enhanced behavioral performance (see Table A.2 for a summary of key 
studies). 

4.1. Memory 

The links between theta activity and memory processes have been 
well-documented in rodent research (Colgin, 2013). At the cellular level, 
stimulating hippocampal cells during the peak of theta oscillations 
triggers long-term potentiation (LTP; a long-term enhancement of syn
aptic efficiency), which is considered a key cellular mechanism for 
memory formation (Hölscher et al., 1997; Pavlides et al., 1988). By 
contrast, stimulation during the trough of theta oscillations or at other 
frequencies is less likely to induce LTP (Greenstein et al., 1988). 
Behaviorally, increased hippocampal theta power during olfactory and 
spatial memory tasks predicted better memory performance in rodents 
(Olvera-Cortés et al., 2002; Wiebe and Stäubli, 2001), and increased 
hippocampal theta activity before classical conditioning predicted 
accelerated learning rates (Berry and Thompson, 1978). Moreover, 
enhancing hippocampal theta through pharmacological manipulation 
and electrical stimulation improved performance on olfactory/spatial 
memory and avoidance memory tasks (Landfield, 1977; Staubli and Xu, 
1995), whereas disrupting hippocampal theta through lesion or phar
macological manipulation resulted in spatial memory impairments 
(Chrobak et al., 1989; Winson, 1978). Hippocampal theta is also thought 
to be involved in information transmission across brain regions. Sup
porting this idea, increased theta coupling has been observed between 
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the hippocampus and the amygdala during fear memory retrieval 
(Seidenbecher et al., 2003), and between the hippocampus and the ol
factory bulb during olfactory memory processing (Kay, 2005). In addi
tion, increased theta coupling between the hippocampus and medial 
prefrontal cortex (mPFC) during spatial memory tasks predicted better 
behavioral performance (Hyman et al., 2010; Jones and Wilson, 2005). 
Together, these rodent studies suggest that hippocampal theta plays a 
crucial role in memory processes. 

It is important to note that rodent research on hippocampal theta has 
focused on neural activity directly measured via implanted electrodes. 
By contrast, human EEG research has focused on electrical activity 
recorded from the scalp, which does not represent a direct measure of 
hippocampal activity. Therefore, the links between hippocampal theta 
and memory processes in rodent research cannot be directly aligned 
with or generalized to human EEG research. However, given past 
research demonstrating that hippocampal theta synchronizes with 
cortical theta (for a review, see Karakaş, 2020), it is possible that scalp 
EEG provides a readout of cortical theta dynamics that could interact 
with hippocampal theta. 

Indeed, mounting evidence suggests that scalp-recorded theta EEG 
activity in humans is also related to memory processes. Theta EEG power 
increases during memory encoding and retrieval across different age 
groups, including adults (Klimesch et al., 1997; Köster et al., 2017), 
children (Cuevas et al., 2012; Köster et al., 2017; Rajan and Bell, 2015), 
and adolescents (Krause et al., 2001, 2007). Moreover, theta EEG power 
during memory tasks predicts task performance. In adults, greater ab
solute theta power over the frontal and parietal regions, measured either 
during or before item encoding, predicted better recall and recognition 
of these items (for a review, see Herweg et al., 2020). Similar links have 
been shown in infants and older children. In one study, Begus and col
leagues (2015) recorded 11-month-olds’ EEG activity while they were 
exploring novel objects and tested their recognition of these objects in a 
preferential-looking task. They found that larger differences in absolute 
theta (3–5 Hz) power over the frontal region between two objects during 
exploration predicted greater differences in infants’ subsequent recog
nition of these two objects. The effect was specific to the theta band. 
Similarly, using a mother-infant interaction and object explor
ation/recognition paradigm, Michel and colleagues (2023) found that 
greater absolute theta (3.5–5 Hz) power over the fronto-central brain 
region during object encoding predicted better object recognition in 
9–10-month-old infants. The effect was specific to the theta band. In 
6–7-year-olds, auditory and visual items that were subsequently 
remembered (vs. forgotten) elicited greater theta (4–7 Hz) inter-trial 
phase-synchrony (i.e., greater consistency of phase angle across trials) 
during memory encoding, although no such effect was observed for 
theta power (Güntekin et al., 2020). Together, these findings provide 
evidence that variations in theta EEG activity during item encoding 
predict subsequent memory performance. 

The links between task-related theta and memory processes also 
involve more complex interactions with gamma oscillations. Theta- 
gamma coupling describes the modulation of gamma oscillation power 
by the phase of theta oscillations (Fig. 2). This dynamic interplay is 
thought to contribute to memory processes by providing temporal ref
erences for organizing items within memory and facilitating information 
transmission across brain regions (for reviews, see Colgin, 2015; Köster, 
2024; Lisman and Jensen, 2013). Supporting this idea, rodent studies 
have shown increased hippocampal theta-gamma coupling during 
memory tasks involving odor-place and item-context associations. 
Moreover, the strength of theta-gamma coupling has been found to 
predict the accuracy of learning performance (Igarashi et al., 2014; Tort 
et al., 2009). Similarly, studies using scalp-recorded EEG and magne
toencephalography (MEG) in human adults have reported increased 
theta-gamma coupling during working memory and long-term memory 
tasks. Importantly, stronger theta-gamma coupling during the tasks 
predicted better memory performance (Friese et al., 2013; Fuentemilla 
et al., 2010; Heusser et al., 2016; Köster et al., 2014, 2018). In addition, 

experimental manipulation of gamma oscillations in specific brain re
gions has been shown to influence memory processes. For instance, 
applying bursts of gamma oscillations over the peaks (vs. troughs) of 
theta oscillations in the prefrontal cortex enhanced spatial working 
memory in human adults (Alekseichuk et al., 2016). By contrast, 
applying gamma bursts over the troughs of theta oscillations in the left 
temporal cortex disrupted verbal long-term memory (Lara et al., 2018). 
In children, a recent study with 11-year-olds receiving outpatient mental 
health services found that higher frontal theta-gamma (theta frequency 
range: 4–7 Hz) coupling during a working memory task predicted better 
working memory performance (Kavanaugh et al., 2021), although theta 
power was not associated with task performance. These findings 
collectively provide evidence for the links between theta-gamma 
coupling and memory processes across different age groups. 

In summary, rodent research demonstrates that hippocampal theta 
plays a crucial role in memory formation. In human scalp-recorded EEG 
research, increased theta power and theta-gamma coupling have been 
observed during memory processes, and higher theta power, theta inter- 
trial phase-synchrony, and theta-gamma coupling predicted better 
memory performance. We note that different theta EEG measures may 
reflect distinct underlying processes. Indeed, dissociations between 
theta power and theta-gamma coupling have been reported in the 
literature (e.g., Friese et al., 2013; Köster et al., 2014, 2018). Therefore, 
findings about one measure of theta (e.g., power) cannot be directly 
applied to another measure (e.g., theta-gamma coupling). We also note 
that the associations between theta EEG power and memory perfor
mance appear to be more robust in adults (for a review, see Herweg 
et al., 2020) and infants (Begus et al., 2015; Michel et al., 2023) than in 
older children (Güntekin et al., 2020; Kavanaugh et al., 2021). Given 
that developmental evidence on the relations between theta EEG activity 
and memory is quite limited, more research is needed to clarify these 
associations in infants and children. 

4.2. Attention 

Attention and memory are closely related mental processes. Memory 
research has indicated that successful retrieval of memory items is 
predicted by theta power not only during, but also before, stimulus 
presentation (Addante et al., 2011; Guderian et al., 2009; Juergen Fell 
et al., 2011; Sweeney-Reed et al., 2016). One explanation for these ef
fects is that pre-stimulus theta reflects attention fluctuations that can 
influence memory encoding (Kim, 2011). However, a detailed exami
nation of the data from these studies (e.g., trial-by-trial analysis) has 
revealed that attentional fluctuations alone could not entirely explain 
the pre-stimulus theta effects in memory research (for detailed discus
sion, see Addante et al., 2011; Sweeney-Reed et al., 2016), suggesting 
that there are specific links between task-related theta and memory 
encoding. 

Fig. 2. Theta-gamma coupling. Left: high theta-gamma coupling. Right: low 
theta-gamma coupling. Adapted from Brooks et al. (2020). 
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Despite this dissociation, the connection between theta brain activity 
and attentional processes has been well-documented in the literature. 
Past research suggests that spatial attention samples the environment in 
theta cycles, with alternating periods of enhanced or attenuated 
perceptual sensitivity (Dugué et al., 2015; Fiebelkorn et al., 2013; 
Landau and Fries, 2012; for a review, see Fiebelkorn and Kastner, 2019). 
These rhythmic fluctuations have been linked to the phase of intrinsic 
theta brain activity. For example, Busch and VanRullen (2010) 
demonstrated that visual detection performance for attended stimuli in 
human adults fluctuated over time. Notably, changes in task perfor
mance over time were predicted by the phase of spontaneous theta (~ 
7 Hz) EEG activity over the fronto-central brain region before stimulus 
presentation. Similarly, Helfrich et al., (2018) analyzed brain activity 
during two attention tasks in adults using intracranial EEG (electro
corticography; ECoG) and found that participants’ perceptual perfor
mance varied depending on the phase of theta (~ 4 Hz) activity across 
different cortical regions. Thus, fluctuations in perceptual sensitivity are 
linked to rhythmic changes in theta activity in the brain. 

In addition to oscillatory phase, attentional processes have also been 
linked to the power of task-related theta EEG activity. In adults, 
increased theta power over the frontal region is commonly observed 
during tasks that require heightened attention (Barwick et al., 2012; 
Gevins et al., 1997; Kamzanova et al., 2011; Wascher et al., 2014). For 
example, frontal theta power increased during engagement of auditory 
attention (Ahveninen et al., 2013) and following the presentation of 
infrequent (vs. frequent) oddball stimuli (Başar-Eroglu et al., 1992; see 
below for more details about the oddball paradigm). Links between 
task-related theta power and attentional processes have also been 
documented in infants. Utilizing a live interaction paradigm, Orekhova 
and colleagues (1999) demonstrated that 8–11-month-old infants 
exhibited a sharp increase in absolute theta (3.6–6 Hz) power over the 
frontal region during anticipatory attention (e.g., when expecting the 
reappearance of a person in the peek-a-boo game). Moreover, individual 
differences in frontal theta power during the task predicted infants’ 
ability to maintain internally controlled attention (see also Stroganova 
et al., 1998). Similarly, using an object exploration task, Wass and col
leagues (2018) demonstrated that, during solo play with toys, 
12-month-old infants who exhibited higher relative theta (3–7 Hz) 
power over the central region prior to visual fixations showed longer 
visual attention. These live interaction studies provide evidence for the 
links between task-related theta power and attentional processes in 
infants. 

The associations between task-related theta and attention-related 
processes have also been shown in studies examining infants’ re
sponses to dynamic videos. For instance, Begus and colleagues (2016) 
found that 11-month-old infants exhibited increased absolute theta 
(3–5 Hz) power over the frontal and temporal regions when they could 
expect to receive information from others. Crucially, greater theta power 
was observed when infants could expect information from a native 
speaker than from a nonnative speaker, suggesting that theta activity is 
sensitive to the source of information. Relatedly, Jones and colleagues 
(2020) showed that 12-month-old infants exhibited increased absolute 
theta (3–6 Hz) power over the frontal region when viewing dynamic 
videos of people and objects. This type of viewing has been linked to 
attention, learning, and memory processes (Stroganova and Orekhova, 
2007). Increases in frontal theta during the first presentation of a video 
predicted subsequent responses to the same video, confirming that 
changes in theta activity were related to learning. Additionally, greater 
increases in theta power over the course of viewing at 12 months pre
dicted higher cognitive skills measured concurrently and prospectively 
at 2, 3, and 7 years of age. In a similar vein, Braithwaite and colleagues 
(2020) found that 6-month-old infants showed increased absolute theta 
(3–6 Hz) power over the frontal region when viewing dynamic 
non-social videos, and that greater theta power increases over the course 
of viewing at 6 months predicted higher non-verbal cognitive abilities at 
9 months. Together, these findings demonstrate that task-related theta is 

associated with attentional processes early in life, and that individual 
differences in theta activity during tasks predict cognitive abilities. 

In infancy, sustained attention is characterized by a reduction in 
heart rate (Richards, 2008; Richards and Casey, 1991), and the links 
between theta and attentional processes have also been shown in studies 
using heart-rate deceleration as an index of sustained attention. For 
instance, Xie and colleagues (2017) found that 10- and 12-month-old 
infants exhibited increased theta (2–6 Hz) and decreased alpha power 
spectral density (PSD) during periods of heart rate-defined sustained 
attention; no effects were found for beta power. The theta effects were 
localized to the orbital frontal, temporal pole, and ventral temporal 
brain regions. Using the same paradigm, Brandes-Aitken and colleagues 
(2023) found higher absolute theta (4–6 Hz) power over the frontal 
region in 3-month-old infants during heart rate-defined sustained 
attention; no significant effects were found for alpha power. Moreover, 
greater theta power increases during sustained attention were associ
ated with a greater proportion of time spent in sustained attention, and 
individual differences in theta power increases during sustained atten
tion at 3 months predicted recognition memory at 9 months. These 
findings further demonstrate the links between task-related theta and 
attentional processes in infancy, and support the hypothesis that early 
individual differences in task-related theta predict cognitive abilities. 

In attention research, theta activity has also been examined using the 
oddball paradigm, where brain responses elicited by frequently repeated 
(standard) and infrequent (deviant) sounds are compared. Neural re
sponses during this paradigm are thought to reflect change/novelty 
detection and attention orienting (Escera et al., 1998; Näätänen et al., 
2007; Polich, 2007). Studies using a two-stimulus oddball task 
(involving standard and deviant sounds) have found increased absolute 
theta power and theta inter-trial phase synchrony in response to deviant 
(vs. standard) sounds over the frontal region in adults (Fuentemilla 
et al., 2008) and children (Müller et al., 2009). Similarly, in a 
three-stimulus auditory oddball task (which includes complex novel 
sounds in addition to standard and deviant sounds), a recent study found 
that children ages 4–11 years showed increased absolute delta and theta 
(4–8 Hz) power in response to novel (vs. standard) sounds over the 
frontocentral region. These effects increased with age, and greater theta 
inter-trial phase synchrony in response to novel sounds predicted better 
inhibitory control (Morales et al., 2023). These findings demonstrate 
that task-related theta activity is implicated in attention-related pro
cesses across age groups, with developmental changes occurring 
throughout childhood and adolescence. 

In summary, past research has shown that fluctuations in perceptual 
sensitivity are linked to the phase of theta activity, and that theta EEG 
power increases during attentional processes in adults, infants, and 
children (see also Michelini et al., 2022 for a review showing that in
dividuals with ADHD exhibit weaker theta increases during cognitive 
tasks, although the effect size was small). These effects have been 
demonstrated across multiple paradigms, including live interactions, 
dynamic videos, heart rate-defined sustained attention, and auditory 
oddball tasks. Importantly, heightened theta activity during attention 
tasks predicted higher task performance, providing further evidence for 
the associations between task-related theta activity and cognitive 
functioning. 

4.3. Cognitive control 

Cognitive control refers to the ability to monitor one’s own behaviors 
for conflicts, errors, and feedback, and to adjust behavior accordingly to 
achieve desired goals (Ridderinkhof et al., 2004). This ability has been 
shown to be a strong predictor of real-life outcomes such as academic 
performance and mental health (Hirsh and Inzlicht, 2010; 
Tajik-Parvinchi et al., 2021). Past research suggests that cognitive con
trol is closely linked to theta activity in the medial-frontal brain region 
(for reviews, see Cavanagh and Frank, 2014; Cohen, 2014). Theta ac
tivity is thought to be involved in the interplay between task-related 
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brain regions during cognitive control (Cavanagh and Frank, 2014; 
Fries, 2005; Varela et al., 2001). Supporting this idea, studies have found 
increased theta phase consistency between the medial-frontal region 
and task-related brain regions (e.g., lateral prefrontal cortex, motor/
sensory cortices) in response to events signaling a need for control 
(Bowers et al., 2021; Buzzell et al., 2019; Cavanagh et al., 2009; 
Hanslmayr et al., 2008; Morales et al., 2022; Nigbur et al., 2012; Van de 
Vijver et al., 2011; van Driel et al., 2012). Theta phase resetting is also 
believed to be related to event-related potential (ERP) components 
commonly observed during engagement of cognitive control, including 
the error-related negativity (ERN; evoked by one’s own errors), the N2 
(evoked by signals indicating the need for control), and the 
feedback-related negativity (FRN; evoked by negative feedback; for a 
review, see McLoughlin et al., 2021). These ERP components have been 
source localized to brain areas associated with cognitive control pro
cesses, including the anterior cingulate cortex (ACC; Luu et al., 2003; 
Veen and Carter, 2002) and the posterior cingulate cortex (PCC; Buzzell 
et al., 2017; for reviews, see Botvinick et al., 2004; Taylor et al., 2007). 

In addition to phase synchrony and ERP components, the association 
between theta activity and cognitive control has also been shown in EEG 
power. In adults, increased theta power has been observed when in
dividuals detect errors in the environment, including arithmetic errors 
(Tzur et al., 2010; Tzur and Berger, 2007, 2009) and semantic errors 
(Hald et al., 2006). Similar effects have been shown in infants (for re
views, see Begus and Bonawitz, 2020; Berger and Posner, 2022). For 
instance, Berger and colleagues (2006) found that 6–9-month-old in
fants exhibited greater absolute power in the theta and alpha ranges 
over the medial-frontal region when presented with incorrect (e.g., 
1+1=1) versus correct (e.g., 1+1=2) arithmetic solutions. Similarly, 
Conejero and colleagues (2018) found greater theta (6–7 Hz) power 
over the medial-frontal region in adults and 16–18-month-old children 
when they viewed incorrect (vs. correct) puzzle configurations, partic
ularly in children from more educated families. Köster and colleagues 
(2021) further showed that 9-month-old infants exhibited increased 
absolute theta (4–5 Hz) power across the scalp when presented with 
unexpected (vs. expected) outcomes in physical and social events (see 
also Köster et al., 2019; Reid et al., 2009). This pattern extends to older 
children and adolescents. For example, Schneider and Maguire (2019) 
found that 8–9-year-olds, 12–13-year-olds, and adults showed increased 
absolute theta (4–8 Hz) power over the right frontal and parietal regions 
to semantically incorrect (vs. correct) sentences. These findings collec
tively demonstrate that task-related theta power increases when in
dividuals across different age groups process errors in their 
environment. 

Increased midfrontal theta power has also been observed in adults 
during control processes related to their own behaviors, including 
response conflicts (Cohen and Cavanagh, 2011; Cohen and Donner, 
2013; Nigbur et al., 2011), error monitoring (Cavanagh et al., 2009; Luu 
et al., 2004; Trujillo and Allen, 2007), task switching (Cunillera et al., 
2012), and feedback processing (Cavanagh et al., 2010). Similarly, in 
infants and children, heightened theta power has been observed during 
tasks with increased cognitive and emotional demands. For instance, 
Orekhova and colleagues (2006) found that 7–12-month-old infants and 
4–6-year-old preschool children showed increased absolute theta 
(3.6–5.6 Hz in infants and 4–8 Hz in preschool children) power over 
frontal and posterior brain regions during situations requiring higher 
emotional and cognitive load (i.e., actively exploring an attractive toy, 
attending to child-directed speech) than during baseline (i.e., passively 
observing an adult blowing soap bubbles; the situation was terminated if 
infants showed overt emotional responses). In a similar vein, Meyer and 
colleagues (2019) found elevated absolute theta (3–6 Hz) power over 
the midfrontal region in 4-year-old children during tasks with higher 
cognitive demands (e.g., imitating actions in movie clips vs. passively 
viewing movie clips). This effect was specific to the theta band. Like
wise, Adam and colleagues (2020) reported increased absolute theta 
(4–8 Hz) power over the midfrontal region in 4–6-year-old and 

6–8-year-old children when resisting distracting information (e.g., a 
change in stimulus-response mapping between the previous and current 
trials) that could interfere with their ongoing action. In adolescence, a 
recent study showed that theta (4–8 Hz) power over the medial-frontal 
region before and after motor responses was associated with conflict 
monitoring and error monitoring, respectively. In addition, theta mea
sures indexing post-response error monitoring and proactive control 
were affected by social observation, suggesting that theta-related 
monitoring and control processes are sensitive to social influences 
(Buzzell et al., 2019). These findings highlight the consistent involve
ment of midfrontal theta power during cognitive control tasks. 

Recent studies suggest that there are age-related changes in theta 
activity associated with cognitive control. These effects have been 
shown in two paradigms. In the go/no-go paradigm, participants are 
instructed to either respond (i.e., pressing a designated key) or withhold 
a response based on whether a go or no-go signal is presented (Ver
bruggen and Logan, 2008). In the flanker paradigm, participants make 
responses (e.g., pressing the left or right arrow key) based on the di
rection of a target arrow presented in the center of the screen. Crucially, 
the target is flanked by nontarget arrows that are either facing in the 
same (congruent) direction or in the opposite (incongruent) direction as 
the target (Eriksen and Eriksen, 1974). These paradigms have been 
widely used to assess inhibitory control and error processing. Using the 
go/no-go paradigm, Xu and colleagues (in press) found increased theta 
frontocentral power for trials requiring inhibitory control (no-go), 
compared with go trials, in a sample of 4–11-year-old children. In the 
same sample, Morales and colleagues (2022) found that 4–9-year-old 
children showed increased absolute delta and theta (4–8 Hz) power over 
the frontocentral region following an incorrect (vs. correct) response, 
and that the magnitude of these effects increased with age. Using the 
same task, Liu and colleagues (2014) found that task-related theta 
(4–8 Hz) power over the medial prefrontal region during no-go trials 
increased with age from 8 to 18 years, and that these age-related 
changes partially mediated improvements in response control ability 
over time. In studies using the flanker paradigm, age-related increases in 
theta-related ERPs and source activity have been documented across late 
childhood and adolescence (Buzzell et al., 2017; Davies et al., 2004; for a 
review, see Tamnes et al., 2013). These findings collectively demon
strate ongoing developmental changes in theta-related control processes 
throughout childhood and adolescence. 

In summary, past research demonstrates that cognitive control is 
linked to theta activity over the medial-frontal brain region. Theta ac
tivity is associated with ERP components indexing control processes (e. 
g., the ERN, N2, FRN), and increased theta phase consistency has been 
observed across brain regions during cognitive control. Theta EEG 
power increases when adults, infants, and children detect errors in the 
environment and when they engage in control processes related to their 
own behaviors. In addition, developmental studies have shown that the 
magnitude of theta power during control processes increases with age, 
and that these age-related changes predict improvements in cognitive 
control over time. 

4.4. Interim discussion 

The studies reviewed above provide evidence that theta EEG power 
increases during engagement in memory, attention, and cognitive con
trol tasks. In contrast to the negative correlation typically observed 
between resting theta power and cognitive abilities, task-related theta 
power is positively linked to cognitive functioning. It is worth noting 
that, compared with resting theta, task-related theta effects tend to be 
more specific to the frontal region (although many task-related studies 
only analyzed theta activity in frontal areas). We also note that there are 
considerable variations across task-related EEG studies in analysis time 
window and the time course of observed theta effects (see Table A.2). 
While some studies have shown theta power increases over 30-second 
videos (e.g., Braithwaite et al., 2020), others have reported theta 
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power changes at the millisecond-level timescale (e.g., Morales et al., 
2023). 

Similar to resting theta, many of the links between task-related theta 
power and cognitive performance are correlational (e.g., theta power 
increases during heart rate-defined sustained attention). However, 
experimental manipulation studies have shown that changes in atten
tional state (e.g., Begus et al., 2016; Morales et al., 2023), error detec
tion (Berger et al., 2006; Conejero et al., 2018; Köster et al., 2021; 
Schneider and Maguire, 2019), and cognitive/emotional demands 
(Meyer et al., 2019; Orekhova et al., 2006) can lead to changes in theta 
power. In addition, research utilizing transcranial alternating current 
stimulation (tACS) has shown that applying electrical currents at theta 
frequency to synchronize neural firing over the frontal and parietal re
gions improves performance on executive functioning and memory tasks 
in adults (for recent reviews, see Lee et al., 2023; Nissim et al., 2023), 
suggesting that alterations in theta activity can have a causal influence 
on cognitive performance. 

As noted earlier, the cognitive processes discussed in this section are 
interconnected. For instance, cognitive control guides attention, and 
attention is essential for effective memory encoding. Conversely, 
memory can affect attention, and attention influences our ability to 
detect errors, resolve conflict, or process feedback within the internal or 
external environment. While there is overlap between these cognitive 
processes, a careful examination of the spatial-temporal-spectral char
acteristics of theta activity during different tasks reveals that theta ac
tivity may represent distinct mechanisms across domains. For a detailed 
discussion of this topic, see Cohen (2014) and Saby and Marshall (2012). 

While the links between task-related theta and cognitive functioning 
have been most commonly reported in the domains discussed above, 
changes in theta power have also been associated with other processes, 
such as language (Fernández et al., 2012; Maguire et al., 2022; 
Schneider et al., 2023; Schneider and Maguire, 2019; Spironelli and 
Angrilli, 2010; Zhang et al., 2011) and social processing (Angelini et al., 
2023; Haartsen et al., 2022; Jones et al., 2015; Michel et al., 2015; van 
der Velde et al., 2021). Considering that language and social processing 
involve higher-level cognitive functions supported by memory, atten
tion, and cognitive control, it is essential for future research to investi
gate whether and how theta activity is uniquely linked to these 
higher-level processes beyond its role in the domains discussed above. 

Future research should also examine the extent to which the asso
ciations between theta power and cognitive functioning are driven by 
eye movements. Although preprocessing techniques (e.g., independent 
component analysis; ICA) have been commonly employed to reduce EEG 
artifacts, it is difficult to entirely remove eye-movement effects from the 
data. Because eye movements occur at intervals consistent with the theta 
rhythm (Fries, 2023), the positive associations between cognitive per
formance and theta power could stem from increased eye movements 
during cognitive tasks. For example, more frequent eye movements may 
generate theta-rhythmic artifacts, resulting in increased theta power. 
Alternatively, neural processing of new visual information following 
saccades can reset the phase of ongoing rhythms, resulting in 
theta-rhythmic brain activity (Barczak et al., 2019; Hoffman et al., 
2013). To address this question, future research should conduct EEG and 
eye movement co-recordings to determine the extent to which theta EEG 
effects are attributable to eye movements. It is also important to note 
that eye movements may be less likely to account for theta effects 
observed in studies using auditory (vs. visual) stimuli. For instance, 
increased theta power has been observed in response to novel versus 
standard sounds in children (Morales et al., 2023). Here, visual inputs 
(and presumably eye movements) were not linked to the auditory events 
eliciting the theta response. However, because participants were not 
instructed to maintain steady eye positions in this study, it remains 
difficult to fully rule out the potential effects of eye movements. None
theless, research with adults has shown increased theta activity in 
response to deviant versus standard sounds after excluding EEG epochs 
containing ocular artifacts (Fuentemilla et al., 2008), suggesting that the 

effect was not driven by eye movements. 

5. Why do resting theta and task-related theta show different 
correlations with cognitive functioning? 

We have presented evidence that resting theta and task-related theta 
have different relations to cognitive functioning. Specifically, early 
exposure to environmental adversity is associated with higher resting 
theta power, and children who exhibit higher resting theta power tend 
to show lower executive functioning, attentional abilities, language 
skills, and IQ scores. By contrast, theta power exhibits event-related 
increases during memory encoding, attention, and cognitive control, 
and higher theta power during these processes predicts better behavioral 
performance. Why does theta activity exhibit distinct functional prop
erties across contexts? In the following sections, we explore potential 
reasons for this disparity and suggest future directions for research 
addressing this question. 

5.1. Narrowband versus broadband EEG activity 

One explanation for resting theta and task-related theta’s distinct 
functional properties is that they represent different brain processes. 
Past research has demonstrated that resting theta and task-related theta 
show distinct developmental trajectories. While resting theta power 
decreases with age (Benninger et al., 1984; Clarke et al., 2001; Perone 
et al., 2018), task-related theta power has been shown to increase with 
age, at least up until the adolescent period (Liu et al., 2014; Morales 
et al., 2022; Papenberg et al., 2013; Schneider and Maguire, 2019; see 
also Crowley et al., 2014; Uhlhaas et al., 2009; van Noordt et al., 2022; 
Xu et al., in press). These distinct developmental paths support the idea 
that resting theta and task-related theta may represent distinct neuro
cognitive processes. 

In line with this view, Klimesch (1999) proposed that the increased 
theta power observed during memory tasks may reflect a narrowband 
increase in theta synchronization in cortico-hippocampal feedback 
loops, which is crucial for information encoding (Kota et al., 2020). By 
contrast, elevated theta power during resting state may reflect irregular 
slow activity (ISA), which leads to a broadband increase in 
lower-frequency power but could disrupt information processing. 
Indeed, the presence of EEG power in a frequency band does not 
necessarily indicate the presence of physiological oscillations in that 
specific frequency band (Bullock et al., 2003; Jasper, 1948). An increase 
in theta power can stem from either an increase in narrowband theta 
activity or a change in broadband power distribution across the entire 
spectrum. To understand the differential correlations between 
resting/task-related theta and cognitive functioning, it is important to 
dissociate narrowband theta activity from broadband power changes in 
neural activity. 

Recently, there has been a growing interest in parameterizing EEG 
signals into aperiodic and periodic components (Donoghue, Haller, 
et al., 2020; Ostlund et al., 2022). Aperiodic activity refers to the 
irregular, arrhythmic component of neural signals, which is influenced 
by the average rate of neuronal population spiking (Manning et al., 
2009) and the balance between excitatory (glutamatergic) and inhibi
tory (GABAergic) inputs (Gao et al., 2017). This broadband component 
contributes to the ‘1/f’ slope of the power spectrum (Fig. 3). Periodic 
activity refers to the rhythmic component of neural activity that rises 
above the ‘1/f’ slope of the power spectrum. It represents recurring 
patterns of neural activity at a specific frequency and is thought to 
reflect putative oscillations in the brain. These two EEG components 
have been shown to exhibit distinct properties and dynamics across tasks 
(He, 2014). 

The separation of the aperiodic and periodic EEG components allows 
for a more precise characterization of brain activity. Recent research 
suggests that changes in aperiodic activity may explain some effects 
previously attributed to power changes in specific frequency bands. For 
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example, the age-related shift in resting EEG power from lower to higher 
frequency bands has been shown to be better explained by changes in 
aperiodic activity rather than power changes in individual frequency 
bands (Donoghue, Haller, et al., 2020; Finley et al., 2022; Hill et al., 
2022; Tran et al., 2020). This is because the aperiodic slope (1/f) gets 
smaller/flatter with age across development starting from infancy 
(McSweeney et al., 2021, 2023; Schaworonkow and Voytek, 2021). 
Moreover, aperiodic activity has been shown to better explain individual 
differences in theta/beta ratio (Donoghue, Dominguez, et al., 2020) and 
predict ADHD status in children (Robertson et al., 2019; see also Kar
alunas et al., 2022; Ostlund et al., 2021) than does power within indi
vidual frequency bands. Consistent with this idea, a recent study found 
that the association between resting alpha power and cognitive pro
cessing speed in adults was better accounted for by aperiodic activity 
than by aperiodic-adjusted alpha power (Ouyang et al., 2020). These 
findings highlight the importance of disentangling periodic and aperi
odic activity in understanding how specific aspects of neural activity 
relate to cognitive functioning (Herweg et al., 2020). 

We reason that resting theta may primarily reflect individual dif
ferences in aperiodic activity, whereas changes in theta power during 
cognitive tasks may be more attributable to periodic theta activity. 
Indeed, resting EEG studies have shown that early adversity and lower 
cognitive functioning are associated not only with an increase in theta 
power but also with a decrease in higher-frequency (e.g., alpha) power 
(Debnath et al., 2020; Marshall et al., 2004; Vanderwert et al., 2016), 
suggesting that these effects are explained by changes in aperiodic ac
tivity across the entire spectrum. By contrast, task-related theta studies 
typically focus on specific time windows during which cognitive pro
cesses occur, where EEG power in the theta band increases relative to 
other frequency bands. Moreover, these studies typically examine con
dition differences and utilize baseline correction methods, which likely 
reduce the confounding effects of aperiodic components (Morales and 
Bowers, 2022). Thus, the positive correlations between task-related 
theta and cognitive functioning may be more specifically driven by pe
riodic theta activity. This idea is further supported by research showing 
significant associations between task-related theta power and memory 
encoding even with the 1/f background signal subtracted from the 
power spectrum (Caplan and Glaholt, 2007; Fellner et al., 2019; Lega 
et al., 2012), suggesting that memory encoding is specifically associated 
with periodic theta activity. 

In addition to the spectral parameterization approach described 
above, theta activity can also be studied using a cycle-by-cycle approach 
(Cole and Voytek, 2019). Unlike methods that decompose EEG signals 
across time into constituent sinusoids, this analysis approach segments 
continuous signals into cycles (by identifying zero-crossings, peaks, and 
troughs) and computes oscillatory features (e.g., amplitude, period/
frequency) for each cycle. This allows researchers to confirm the pres
ence of theta oscillations at any given moment, without the interference 

of aperiodic activity. By applying this approach to resting/task-related 
EEG data, future research can investigate whether participants are 
more likely to exhibit theta oscillations in EEG signals during cognitive 
tasks (vs. resting state), how the features of theta oscillations change 
over time during the tasks, and whether the features of theta oscillations 
predict individual differences in cognitive abilities. 

5.2. The engagement of cognitive effort during resting state and lower 
relative increase in theta power during tasks 

If we consider the possibility that resting theta and task-related theta 
may reflect the same underlying mechanism, then an alternative 
explanation for the negative correlations between resting theta power 
and cognitive functioning emerges. It is possible that increased theta 
power during resting state signifies the engagement of cognitive effort in 
the absence of specific tasks. We note that developmental EEG studies 
have used a wide range of paradigms to assess children’s “resting” brain 
activity, including eyes-open/eyes-closed conditions, lights on/off, and 
passive viewing of stimuli such as videos (e.g., bubbles, moving shapes) 
or spinning bingo wheels (Anderson and Perone, 2018; Norton et al., 
2021). Although children are not tasked with anything specific during 
these procedures, these paradigms may require increased cognitive 
control for children to remain still and inhibit physical movement 
(Camacho et al., 2020). As noted above, theta power tends to increase 
during sustained attention (Brandes-Aitken et al., 2023; Xie et al., 2017) 
and elevated task demands (Meyer et al., 2019; Orekhova et al., 2006). 
Hence, children exhibiting increased theta power during these "resting" 
periods might be those requiring more mental effort to regulate their 
behavior, and this behavioral/EEG pattern could be associated with 
lower cognitive abilities. Indeed, past research suggests that the nega
tive associations between resting theta and cognitive functioning are 
more robust in children than in adults (Finnigan and Robertson, 2011; 
Kavcic et al., 2016; Sargent et al., 2021; cf. Jelic et al., 1996; Roca-S
tappung et al., 2012). This aligns with the hypothesis that children need 
more mental effort to remain still and inhibit movement during “resting” 
periods, rendering resting theta power early (vs. later) in life more 
predictive of cognitive functioning. 

Relatedly, individuals with higher overall levels of theta activity 
across contexts may also exhibit lower relative increases in theta during 
cognitive processes. If differences in cognitive functioning are linked to 
task-related changes in theta power from the resting state, then higher 
resting theta and diminished task-related theta increments could be 
associated with lower cognitive performance. As previously discussed, 
task-related theta studies typically focus on changes in theta activity 
across experimental conditions. Hence, the positive associations be
tween task-related theta and cognitive functioning may primarily stem 
from task-related increments in theta power rather than the overall 
levels of theta. Future research should test this hypothesis by examining 
how cognitive functioning is associated with resting theta power, overall 
theta power during tasks, and task-related changes in theta power. Such 
investigations will shed light on whether cognitive performance is better 
predicted by the relative changes in theta activity during cognitive 
engagement. 

5.3. Future directions 

To better understand the relations between resting/task-related 
theta power and cognitive functioning, future research should 
examine whether these associations stem from periodic theta activity or 
the aperiodic component of EEG signals (Donoghue, Haller, et al., 2020; 
Ostlund et al., 2022). While previous studies examining relative power 
have provided insights into how changes in theta power, relative to 
other frequency bands, are related to cognitive functioning, these effects 
could still be influenced by broadband effects (e.g., changes in aperiodic 
slope), leaving it unclear whether periodic theta activity plays a role. We 
call for future research to parameterize EEG signals into periodic and 

Fig. 3. Aperiodic and periodic EEG activity. Adapted from Donoghue, Haller, 
et al. (2020). 
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aperiodic components and systematically examine how these two 
components are associated with different aspects of cognitive func
tioning during resting state versus tasks. Additionally, applying 
cycle-by-cycle analysis (Cole and Voytek, 2019) to resting and 
task-related EEG data could shed light on whether real-time fluctuations 
in theta power are driven by putative theta oscillations. Such in
vestigations will provide a more nuanced understanding of theta activity 
and its relations with cognitive processes. 

To explore whether the negative associations between resting theta 
power and cognitive abilities are driven by cognitive engagement during 
resting-state procedures, future research should investigate whether 
these associations are stronger when measured over the medial-frontal 
region, where theta power increases associated with cognitive control 
are typically observed (Cavanagh and Frank, 2014). Moreover, it would 
be valuable to assess whether these associations are influenced by 
children’s physical activity levels. Children with higher physical activity 
levels may require more cognitive resources to restrain physical move
ment during resting-state procedures. If resting theta power indeed re
flects cognitive control engagement, it should correlate positively with 
children’s physical activity levels. Future research should also examine 
how the connections between resting/task-related theta and cognitive 
functioning change across development. If the negative associations 
between resting theta power and cognitive functioning arise from 
cognitive effort during resting-state procedures, these associations 
should decrease as children grow older. This is because older (vs. 
younger) children likely require less mental effort to inhibit movements 
and remain still during resting-state procedures. Consequently, resting 
theta power in older (vs. younger) children is less likely to reflect 
meaningful individual differences in cognitive capacity. 

The nature of resting theta and task-related theta can also be clarified 
by examining their intercorrelations. We note that existing studies on 
theta EEG activity tend to focus solely on either resting theta or task- 
related theta within separate groups/individuals, leaving a gap in un
derstanding the relations between the two and their changes within 
individuals across time. In a recent study, Pscherer et al. (2021) exam
ined both resting theta and task-related theta during the go/no-go task 
in individuals ages 8–30 years. They found positive associations be
tween resting theta power and baseline-corrected theta power during 
correctly rejected no-go trials in individuals over the age of 10.7 years, 
but not in younger individuals (see also Pscherer et al., 2019, 2020). 
These findings suggest that resting theta and task-related theta might 
represent mechanisms that are relatively independent in younger chil
dren, and that these mechanisms may become more intertwined with 
age. Future research should test these relations across different cognitive 
domains and within individuals over time. 

Future studies should also investigate the neural origins of resting 
and task-related theta activity. Techniques such as cortical source 

analysis of EEG signals (Beese et al., 2017; Xie et al., 2017) and simul
taneous EEG and fMRI recording (Mantini et al., 2007) have provided 
insights into the brain regions generating oscillatory EEG activity. These 
methods can help distinguish between different theta-related mecha
nisms across contexts (Cellier et al., 2021; Cohen, 2014). We call for 
future research to systematically examine the neural generators of theta 
during both resting state and tasks. Moreover, a deeper understanding of 
the differences between resting theta and task-related theta can be 
attained by carefully examining the spectral characteristics of theta 
activity across contexts. For instance, consistent peak frequencies in 
theta activity during resting state, contrasted with varying peak fre
quencies between resting state and tasks, would support the hypothesis 
that resting theta and task-related theta represent distinct brain 
processes. 
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Appendices  

Table A.1 
Key developmental studies on the relations between resting theta EEG power and cognitive functioning  

Resting EEG 

Construct Study Participants (Age 
Groups) 

Resting EEG 
Paradigm 

Main Findings 

Executive 
functioning  

Maguire and Schneider (2019) 8–15-year-olds from 
high- and low-income 
families 

Eyes-open/eyes- 
closed 

Higher resting theta (4–8 Hz) power over the right parietal 
brain region was associated with lower working memory. 

Executive 
functioning  

Perone et al. (2018) 3–9-year-olds Eyes-open/eyes- 
closed 

Higher resting theta/beta power ratios (theta frequency 
range:.4×IAF-.8×IAF) over frontal and posterior regions 
predicted lower performance on working memory, inhibitory 

(continued on next page) 
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Table A.1 (continued ) 

Resting EEG 

Construct Study Participants (Age 
Groups) 

Resting EEG 
Paradigm 

Main Findings 

control, and cognitive flexibility tasks after controlling for age 
and verbal abilities. 

Executive 
functioning  

Cai et al. (2021) 7–9-year-olds Eyes-open/eyes- 
closed 

After controlling for age and verbal ability, greater resting 
alpha/theta and beta/theta ratios (theta frequency range: 
4 Hz - IAF-2 Hz) over the frontal brain region predicted 
higher inhibition skills, and greater resting beta/theta ratios 
predicted higher planning skills. 

Attention  Perone and Gartstein (2019) 6–12-month-olds Passive viewing of 
videos depicting 
colorful objects 

Higher relative resting theta (3–6 Hz) power and lower 
relative resting beta and gamma power over the frontal region 
were associated with lower parent-reported attentional 
abilities. 

Attention  Clarke et al. (2002) 8–13-year-old males 
diagnosed with ADHD 

Eyes-closed Participants diagnosed with ADHD exhibited higher absolute 
and relative theta (3.5–7.5 Hz) power, lower relative alpha, 
and higher theta/alpha and theta/beta ratios across brain 
regions. 

Attention  Lazzaro et al. (1999) 11–17-year-old males 
diagnosed with ADHD 

Eyes-open (looking at 
a small circular dot on 
a screen) 

Participants diagnosed with ADHD exhibited higher absolute 
and relative theta (4.0–7.0 Hz) and alpha power and lower 
relative beta power across brain regions. 

Language  Lum et al. (2022) 9–11-year-olds Eyes-open (looking at 
a cross on a screen) 

Absolute resting theta (4–8 Hz) power over the left central- 
prefrontal regions was negatively associated with 
performance on a sentence repetition task. The association 
was specific to the theta band. 

Language  Meng et al. (2022) 7–11-year-olds Eyes-open (looking at 
a cross on a screen) 

Greater reductions in relative resting theta (4–8 Hz) power 
across the scalp from 7 to 9 years and from 7 to 11 years 
predicted higher expressive vocabulary at 9 and 11 years, 
respectively. Greater increases in beta power across the scalp 
from 7 to 9 years predicted higher receptive vocabulary at 11 
years. 

Language  Papagiannopoulou and Lagopoulos (2016) 8-year-olds diagnosed 
with dyslexia 

Eyes-closed Participants diagnosed with dyslexia showed increased 
resting relative theta (3.6–7.4 Hz) power over the left frontal 
brain region. 

Language  Arns et al. (2007) 10–16-year-olds 
diagnosed with dyslexia 

Eyes-open (looking at 
a red dot on a screen) 

Participants diagnosed with dyslexia showed increased 
absolute resting delta and theta (4–7.5 Hz) power over the 
frontal and right temporal brain regions. 

IQ  Tan et al. (2023) EEG assessment points: 
22–42 months 

Passive viewing of a 
spinning bingo wheel 

Higher relative resting theta (3–5 Hz) power measured across 
the scalp across three assessments from 22 to 42 months 
predicted lower full-scale IQ at 18 years. The effect was 
specific to the theta band.   

Table A.2 
Key developmental studies on the relations between task-related theta EEG power and cognitive functioning  

Construct Study Participants Paradigm Analysis Time Window Main Findings 

Memory Begus et al. (2015) 11-month-olds Object exploration and 
recognition 

0–40 s (while the infant was looking at 
the object) 

Larger differences in absolute theta (3–5 Hz) 
power over the frontal region between two 
objects during exploration predicted greater 
differences in infants’ subsequent 
recognition of these two objects. The effect 
was specific to the theta band. 

Memory Michel et al. 
(2023) 

9–10-month-olds Object exploration and 
recognition (with 
mother) 

0–20 s (while the infant was looking at 
the object) 

Greater absolute theta (3.5–5 Hz) power 
over the fronto-central brain region during 
object encoding predicted better subsequent 
object recognition. The effect was specific to 
the theta band. 

Memory Güntekin et al. 
(2020) 

6–7-year-olds Visual and auditory 
memory tasks 

0–400 ms (during stimulus presentation) Remembered (vs. forgotten) items elicited 
greater theta (4–7 Hz) phase-locking during 
memory encoding. No such effect was found 
for theta power. 

Memory Kavanaugh et al. 
(2021) 

11-year-olds 
receiving outpatient 
mental health 
services 

The Sternberg spatial 
working memory test 
(SWMT) 

0–6 s (during encoding, maintenance, 
and the initial portion of the probe) 

Higher frontal theta-gamma coupling 
predicted higher working memory 
performance. Theta power was not 
associated with task performance. 

Attention Orekhova et al. 
(1999) 

8–11-month-olds 1. Attention to an object 
in the visual field 
2. Anticipation of the 
person in the peek-a-boo 
game 
3. Attention to the 
reappeared person in the 
peek-a-boo game 

The length of the analysis time window 
ranged from 4 s to 15 s, depending on 
infants’ behavior. 

Infants exhibited a sharp increase in 
absolute theta (3.6–6 Hz) power over the 
frontal region during anticipatory attention. 
Individual differences in frontal theta power 
during the task predicted infants’ ability to 
maintain internally controlled attention. 

(continued on next page) 
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Table A.2 (continued ) 

Construct Study Participants Paradigm Analysis Time Window Main Findings 

Attention Wass et al. (2018) 12-month-olds Solo play with toys and 
joint play with parents 

-1000–0 ms prior to the onset of a look During solo play with toys, infants who 
exhibited higher relative theta (3–7 Hz) 
power over the central region prior to visual 
fixations showed longer visual attention. 

Attention Begus et al. (2016) 11-month-olds Dynamic videos of people 
interacting with objects 

The last 1 s of the anticipation period Infants exhibited increased absolute theta 
(3–5 Hz) power over the frontal and 
temporal regions when they could expect to 
receive information from others. Greater 
theta power was observed when infants 
could expect information from a native 
speaker than from a nonnative speaker 

Attention Jones et al. (2020) 12-month-olds Dynamic videos of people 
and objects 

The main measure was the percent 
change in theta power between the first 
and second halves of the first 
presentation of each video. Each video 
was 30–60 s in length. 

Infants exhibited increased absolute theta 
(3–6 Hz) power over the frontal region 
when viewing the videos. Increases in 
frontal theta during the first presentation of 
a video predicted subsequent responses to 
the same video. Greater increases in theta 
power over the course of viewing at 12 
months predicted higher cognitive skills 
measured concurrently and prospectively at 
2, 3 and 7 years of age. 

Attention Braithwaite et al. 
(2020) 

6-month-olds Dynamic non-social 
videos 

The main measure was the change in 
theta power between the first and second 
halves of the video. Each video was 60 s 
in length. 

Infants showed increased absolute theta 
(3–6 Hz) power over the frontal region 
when viewing dynamic non-social videos. 
Greater theta power increases over the 
course of viewing at 6 months predicted 
higher non-verbal cognitive abilities at 9 
months. 

Attention Xie et al. (2017) 10- and 12-month- 
olds 

Dynamic videos of 
dancing and singing 
characters 

The video was 4 min in length. Sustained 
attention was defined as the periods 
during which the infant was looking at 
the screen with heart rate below the pre- 
stimulus level. 

Infants showed increased theta (2–6 Hz) and 
decreased alpha power spectral density 
during heart rate-defined sustained 
attention. The theta effects were localized to 
the orbital frontal, temporal pole, and 
ventral temporal brain regions. 

Attention Brandes-Aitken 
et al. (2023) 

3-month-olds Dynamic videos of 
dancing and singing 
characters 

The video was 4 min in length. Sustained 
attention was defined as the periods 
during which the infant was looking at 
the screen with heart rate below the pre- 
stimulus level. 

Infants exhibited higher absolute theta 
(4–6 Hz) power over the frontal region 
during heart rate-defined sustained 
attention. Greater theta power during 
sustained attention predicted increased 
proportion of time in sustained attention. 
Greater increases in theta power during 
sustained attention at 3 months predicted 
better recognition memory at 9 months. 

Attention Morales et al., 
(2023) 

4–11-year-olds Three-stimulus auditory 
oddball task 

0–500 ms post-stimulus Children showed increased absolute delta 
and theta (4–8 Hz) power over the 
frontocentral region in response to novel 
(vs. standard) sounds. These effects 
increased with age, and greater theta inter- 
trial phase synchrony in response to novel 
sounds predicted higher inhibitory control. 

Cognitive 
control 

Berger et al. 
(2006) 

6–9-month-olds Puppet show videos 0–700 ms post-stimulus Infants exhibited greater absolute power in 
the theta and alpha ranges over the 
mediofrontal region when viewing 
presentation of incorrect (e.g., 1+1=1) 
versus correct (e.g., 1+1=2) arithmetic 
solutions. 

Cognitive 
control 

Conejero et al. 
(2018) 

16–18-month-olds 
and adults 

Videos showing 
progressive completion 
of puzzles 

0–750 ms post-stimulus Children and adults showed greater absolute 
theta (6–7 Hz) power over the mediofrontal 
region when observing incorrect (vs. 
correct) puzzle configurations. Children 
from more highly educated families showed 
stronger theta increments. 

Cognitive 
control 

Köster et al. 
(2021) 

9-month-olds Videos of physical and 
social events 

0–2000 ms post-stimulus Infants showed increased absolute theta 
(4–5 Hz) power across the scalp when they 
viewed unexpected (vs. expected) outcomes 
in physical and social events. 

Cognitive 
control 

Schneider and 
Maguire (2019) 

8–9-year-olds, 
12–13-year-olds, 
and adults 

Auditory sentence 
processing tasks 

0–1000 ms post-stimulus Children and adults showed increased 
absolute theta (4–8 Hz) power over the right 
frontal and parietal regions to semantically 
incorrect (vs. correct) sentences 

Cognitive 
control 

Orekhova et al. 
(2006) 

7–12-month-olds 
and 4–6-year-olds 

Baseline and two test 
conditions (exploring 
toys, attending to speech) 

Each condition was ~ 2 min in length. Participants showed increased absolute 
theta (3.6–5.6 Hz in infants and 4–8 Hz in 
preschoolers) power over frontal and 
posterior brain regions in situations 
involving higher emotional and cognitive 
load than during baseline. 

(continued on next page) 
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Table A.2 (continued ) 

Construct Study Participants Paradigm Analysis Time Window Main Findings 

Cognitive 
control 

Meyer et al. 
(2019) 

4-year-olds Three conditions: No 
Task, Color-naming Task, 
Imitation Task 

Each trial started with a 1-second fixation 
cross (1 s) followed by a video clip (~ 7 s 
in length). 

Children exhibited increased absolute theta 
(3–6 Hz) power over the midfrontal region 
during tasks with higher cognitive demand 
(e.g., imitating actions in movie clips vs. 
passively viewing movie clips). This effect 
was specific to the theta band. 

Cognitive 
control 

Adam et al. (2020) 4–6-year-olds and 
6–8-year-olds 

An interference task 
adapted from the “heart 
and flower” task” 
(Davidson et al., 2006) 

0–1500 ms post-stimulus Children showed increased absolute theta 
(4–8 Hz) power over the midfrontal region 
when resisting acting based on distracting 
information that could interfere with their 
ongoing action. 

Cognitive 
control 

Morales et al. 
(2022) 

4–9-year-olds The go/no-go paradigm 0–600 ms post-response Children exhibited increased absolute delta 
and theta (4–8 Hz) power over the 
frontocentral region after making an 
incorrect (vs. correct) response. The 
magnitude of these effects increased with 
age. 

Cognitive 
control 

Liu et al. (2014) 8–18-year-olds The go/no-go paradigm 0–800 ms post-stimulus Baseline-corrected task-related theta 
(4–8 Hz) power over the medial prefrontal 
region during correct no-go trials increased 
with age from 8 to 18 years. These age- 
related changes partially mediated 
improvements in response control ability 
over time.  
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