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From Brain Waves to Choices: A Review of Theta and Alpha Oscillations in
Decision-Making Processes

Decision-making under uncertainty is a fundamental cognitive process that varies across
individuals and is often influenced by the balance between intuitive and analytical strategies.
Neural oscillations in the prefrontal cortex (PFC) and anterior cingulate cortex (ACC) are critical
in shaping these strategies. Specifically, theta (4-7 Hz) and alpha (8-12 Hz) oscillations have
been implicated in cognitive control and adaptive behaviour. These oscillations are central to
understanding how the brain processes information and have significant implications for
improving decision-making in high-stakes environments such as finance, medicine, and military
strategy.

Decision-making is a complex process that integrates multiple cognitive functions,
including working memory, attention, and reinforcement learning (Shadlen & Kiani, 2013). The
PFC and ACC play crucial roles in processing uncertainty and guiding decisions, as these
regions support higher-order executive functions such as cognitive flexibility and error
monitoring (Miller & Cohen, 2001). Theoretical models suggest that different oscillatory
rhythms modulate these cognitive functions, with theta oscillations linked to working memory
and goal-directed behaviour (Cavanagh & Frank, 2014), while alpha oscillations are associated
with inhibitory control and information filtering (Klimesch, 2012). These findings align with the
Dual Systems Theory, which posits that decision-making is balanced between intuitive, fast
processes (mediated by alpha oscillations) and analytical, slow processes (mediated by theta
oscillations). Understanding how these neural oscillations interact can provide valuable insights

into individual differences in decision-making strategies.
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The central premise of this study is that theta and alpha oscillations in the PFC and ACC
correspond to distinct decision-making strategies. Theta activity is hypothesized to facilitate
deliberative, goal-directed decisions, whereas alpha activity regulates cognitive inhibition and
uncertainty resolution. Individuals exhibiting stronger theta synchronization may rely on more
analytical reasoning, whereas those with pronounced alpha modulation may favour intuitive,
heuristic-based decisions. This hypothesis is supported by predictive coding theories, which
suggest that theta oscillations suppress irrelevant information to refine predictions. Research in
cognitive neuroscience has increasingly emphasized the role of oscillatory dynamics in shaping
decision processes. For instance, studies have demonstrated that theta activity is enhanced during
tasks requiring cognitive control, particularly in situations involving response conflict or high
levels of uncertainty (Cavanagh & Shackman, 2015). Conversely, alpha oscillations have been
shown to modulate attention by inhibiting task-irrelevant information, which may contribute to
heuristic-based decision-making (Sadaghiani & Kleinschmidt, 2016). Despite these advances,
there is a gap in understanding how the interaction between theta and alpha oscillations shapes
individual differences in decision-making under uncertainty. By synthesizing findings from
recent empirical studies, this article explores how theta and alpha oscillations reflect individual
differences in decision-making strategies.

Theta and Alpha Oscillations in Decision-Making
Theta Sequences in the Prefrontal Cortex

Tang et al. (2021) investigated the role of hippocampal-prefrontal theta sequences in
memory-guided decision-making. The study hypothesized that theta sequences in the PFC
support the deliberation of potential choices and predict future decisions. Using simultaneous

neural recordings from the hippocampus and PFC in rats during a spatial working memory task,
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the researchers found that theta sequences in the PFC were coordinated with hippocampal
activity and played a role in maintaining choice representations. This coordination is thought to
occur through phase-amplitude coupling, where theta oscillations in the hippocampus modulate
gamma activity in the PFC, enabling the integration of spatial and contextual information.

Interestingly, theta sequences were not simply reflective of the current decision but also
encoded alternatives for deliberation, suggesting a dynamic role in evaluating multiple possible
outcomes. This was particularly evident when animals exhibited uncertainty in their choices, as
the coherence between the hippocampus and PFC increased. These findings align with the idea
that theta sequences facilitate mental stimulation of future outcomes, a process critical for
adaptive decision-making in humans. The study also noted that during error trials, the theta
sequences in the PFC remained intact, while replaying sequences in the hippocampus were
disrupted. This highlights the importance of coordinated theta activity in ensuring effective
decision-making under uncertain conditions (Tang et al., 2021). These results have implications
for understanding disorders such as PTSD and schizophrenia, where disrupted hippocampal-PFC
communication may lead to impaired decision-making.
Oscillatory Mutations in Anxiety and Decision-Making

Hein et al. (2022) explored how anxiety influences neural oscillations in the ACC and
PFC during uncertain decision-making. The study hypothesized that individuals with high trait
anxiety exhibit altered alpha and gamma activity, leading to biased belief updating. Using
magnetoencephalography (MEG) to measure neural activity in participants performing a
probabilistic learning task, the researchers found that high-anxiety individuals showed increased

gamma responses and decreased alpha/beta activity in the ACC and PFC. This pattern suggests
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that anxiety may disrupt the balance between excitatory and inhibitory processes, leading to
heightened sensitivity to uncertainty and negative outcomes.

A key finding was that individuals with high anxiety were more likely to overestimate
volatility in the environment, leading to an increased tendency toward stochastic
decision-making. This was linked to a faster rate of belief updating, suggesting that anxious
individuals rely on a different weighting of prediction errors than their low-anxiety counterparts.
This finding has clinical relevance, as it may explain why individuals with anxiety disorders
often exhibit maladaptive decision-making patterns, such as avoidance behaviour or excessive
risk aversion. Moreover, the suppression of alpha oscillations in the ACC was correlated with an
increased sensitivity to adverse outcomes, reinforcing the role of alpha activity in modulating
uncertainty and guiding decision-making strategies (Hein et al., 2022). Future research could
explore therapeutic interventions, such as neurofeedback or transcranial magnetic stimulation
(TMS), to modulate alpha oscillations and improve decision-making in anxious individuals.
Causal Evidence for Theta and Alpha in Working Memory

Riddle et al. (2020) tested the causal role of theta and alpha oscillations in working
memory and cognitive control. The study hypothesized that theta oscillations enhance the
prioritization of relevant information while alpha oscillations suppress irrelevant content. Using
TMS at theta and alpha frequencies to prefrontal and parietal regions in human participants, the
researchers found that stimulation at theta frequency improved task performance when applied to
the PFC. In contrast, alpha stimulation reduced interference from distracting stimuli. These
findings suggest that theta and alpha oscillations work in tandem to regulate the balance between

cognitive flexibility and selective attention, a process critical for effective decision-making.
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Notably, the study demonstrated that the beneficial effects of TMS were highly dependent
on the task context. When theta stimulation was applied during periods of increased cognitive
demand, participants exhibited greater working memory capacity and improved decision
accuracy. Conversely, alpha stimulation led to more efficient inhibition of distractors, suggesting
that alpha oscillations play a key role in reducing cognitive load and refining attentional focus.
These results have practical implications for optimizing cognitive performance in high-stakes
environments, such as air traffic control or emergency medicine, where rapid and accurate
decision-making is essential. These findings provide compelling evidence that theta and alpha
oscillations work in tandem to regulate the balance between cognitive flexibility and selective
attention during decision-making (Riddle et al., 2020).

Theta-Gamma Coordination and Attention

Voloh et al. (2015) examined how theta-gamma coupling in the ACC and PFC supports
attentional control. The study hypothesized that theta oscillations synchronize activity between
the ACC and PFC to optimize attentional shifts. Using neural recordings in macaques during an
attention-switching task, the researchers found that successful attentional shifts were associated
with increased theta-gamma phase coupling between the ACC and PFC, whereas error trials
lacked this coordination. This suggests that theta-gamma coupling is a mechanism for integrating
information across brain regions, enabling flexible and adaptive attentional control.

The study further revealed that neurons providing theta-phase inputs were primarily
located in the ACC, while gamma bursts were more frequently observed in the PFC. This
anatomical division suggests a hierarchical role, with theta oscillations in the ACC serving as a
temporal scaffold for gamma-driven processing in the PFC. This hierarchical organization may

allow the brain to prioritize and process information efficiently, particularly in complex or
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rapidly changing environments. Additionally, cur-induced phase resetting of theta oscillations
strongly predicted task performance, further emphasizing the role of cross-frequency interactions
in guiding attention and adaptive behaviour (Voloh et al., 2015). These findings highlight the
importance of theta-gamma coordination in maintaining cognitive flexibility, a key component of
effective decision-making under uncertainty.

Integration of Findings

The reviewed studies demonstrate that theta and alpha oscillations interact to balance
cognitive flexibility and inhibition in decision-making under uncertainty. Theta activity appears
to support the maintenance and evaluation of multiple choice alternatives, ensuring that decisions
are based on a structured cognitive framework. Conversely, alpha oscillations act as a regulatory
mechanism, suppressing extraneous information and refining attention allocation to optimize
cognitive resources. The interplay between these oscillations enables individuals to navigate
complex decision-making scenarios effectively. This dynamic interaction is particularly relevant
in real-world settings, where individuals must balance rapid, intuitive decisions with careful,
analytical reasoning.

Moreover, individual differences in theta and alpha activity may explain variability in
decision-making styles. Those with stronger theta synchronization may be more deliberative,
engaging in a thorough evaluation of available options. At the same time, those with heightened
alpha suppression may exhibit faster, more intuitive decision-making strategies. As documented
by Hein et al. (2022), anxiety-related disruptions in these oscillations suggest that excessive
alpha suppression and overactive gamma responses could contribute to maladaptive decision
patterns, emphasizing the need for further research into therapeutic interventions targeting these

neural mechanisms. For example, neurofeedback training could be used to enhance theta
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coherence in individuals with impaired decision-making, while alpha modulation techniques
could help reduce cognitive overload in high-anxiety populations.
Conclusion

Theta and alpha oscillations in the PFC and ACC provide a robust neurophysiological
framework for understanding individual differences in decision-making strategies. Theta
oscillations facilitate structured, goal-oriented reasoning, while alpha oscillations regulate
cognitive inhibition and uncertainty processing. These findings advance our understanding of the
neural basis of decision-making and open new avenues for improving cognitive performance in
healthy and clinical populations. Future research should explore real-world applications of these
findings, particularly in enhancing decision-making efficiency in high-stakes environments such
as finance, medicine, and military strategy. Additionally, neuromodulation techniques like TMS
hold a premise for optimizing cognitive function and mitigating decision-related impairments in
clinical populations. By integrating these insights, we can develop a more comprehensive

understanding of how brain oscillations shape human decision-making and adaptive behaviour.
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