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Effect of Meditation on Reaction Time During Visual Search Exercises 

Recent years have displayed an increasing interest in meditation research, which has led 

to an expanding amount of evidence about its impact on both low and high-level cognitive and 

perceptual processes. Research indicates that meditation practices affect brain systems 

responsible for attention regulation, with some studies identifying increased neural efficiency 

and modulation of brainwave frequencies, particularly in alpha and theta bands (Garcia et al., 

2024). These frequency changes are thought to enhance selective attention and cognitive control, 

which are vital in tasks requiring focused perceptual processing.  

For instance, it can be viewed that Focused Attention Meditation (FAM) led to increased 

P3 amplitude and reduced reaction times in tasks requiring attentional control, supporting the 

premise that FAM cultivates attentional stability and heightened perceptual discrimination  

(Yoshida et al., 2020). The P3 amplitude is closely linked to attentional resource allocation and 

target detection. Increases in P3 amplitude after FAM display an enhanced ability to allocate 

attentional resources effectively, which improves the brain's efficiency in focusing on specific 

stimuli and filtering out irrelevant distractions. Similarly, it has been discussed how EEG studies 

on meditation report enhanced alpha and theta power during FAM, correlating these changes 

with improvements in sustained attention and cognitive flexibility (Deolindo et al., 2020). Alpha 

and theta increases exhibit distinct yet complementary attentional mechanisms at work. Alpha 

waves, typically increased during states of relaxed alertness, are correlated with inhibition of 

irrelevant stimuli, allowing the brain to maintain focus on a target task without distraction. Theta 

waves, on the other hand, are associated with cognitive flexibility, supporting the dynamic 

reallocation of attention and assisting in the integration of complex information. The enhanced 

alpha and theta power observed during FAM implies that meditation not only primes the brain to 
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focus but also enables it to adapt to changing task demands, such as those encountered in visual 

search tasks. This aligns with findings from studies that observed significant increases in theta 

and alpha power even in novice meditators after short-term meditation interventions, indicating 

that meditation might rapidly engage attentional networks that enhance task performance 

(Stapleton et al., 2020). 

The two meditation styles, Focused Attention Meditation (FAM) and Open Monitoring 

Meditation (OMM), are hypothesized to influence cognitive processes differently.  FAM, which 

involves concentrating on a specific object or thought, likely increases attentional stability 

through a top-down regulatory mechanism. This involves neural regions such as the dorsal 

attentional network, including the prefrontal and parietal cortices, which supports focused, 

goal-oriented attention (Acevedo et al., 2016; Srinivasan et al., 2016). More specifically, FAM 

“requires practitioners to focus attention on a single selected target such as breathing [with] the 

aim of FAM [being] to establish a persistent meta-control state with increased top-down selective 

attention regulation and a narrower attentional focus on the task at hand, which benefits 

sustaining attention even in the presence of distracters” (Tanaka et al., 2021). The ability to 

narrow attention may explain the enhanced P3 amplitude and reaction time reductions observed 

in visual search tasks after FAM, as the meditation practice reduces distractor interference and 

increases focus on relevant stimuli. 

On the other hand, OMM encourages awareness without attachment, perhaps 

strengthening broader cognitive control by weakening top-down selective attention and instead 

fostering a non-reactive, moment-to-moment attentional state. This open awareness position may 

engage bottom-up attentional systems, which are necessary for processing multiple sensory 

inputs at the same time. In OMM, “the aim [is] to establish a flexible meta-control state with 
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weakened top-down selective attention regulation and a broader attentional focus by accepting 

various experiences, which reduces competition between task-relevant and task-irrelevant 

information” (Tanaka et al., 2021). The effects of OMM on brainwave activity further support 

this notion, with enhanced theta power observed during OMM (Deolindo et al., 2020). Theta 

oscillations, particularly in the frontal midline region, are associated with cognitive adaptability, 

which may support a broader awareness of sensory inputs without focusing on any single one. 

By promoting an inclusive attentional stance, OMM might improve visual search performance 

differently than FAM, enabling the detection of target stimuli more slowly through enhanced 

peripheral awareness rather than focused attention by itself. 

Additionally, it can be emphasized that meditation, by enhancing theta and alpha 

rhythms, can engage both top-down and bottom-up attentional systems. These changes in 

oscillatory activity may foster flexible neuroplastic changes that bolster attentional engagement 

and perceptual processing, which may offer long-term cognitive benefits. Studies have shown 

that regular meditation can lead to sustained increases in alpha and theta power, which are 

believed to reflect strengthened neural circuits involved in attention and emotional regulation 

(Deolindo et al., 2020; Stapleton et al., 2020). This malleable neuroplasticity may explain why 

long-term meditators display quicker reaction times and increased accuracy on tasks requiring 

selective attention. Moreover, FAM has been shown to modulate EEG markers of attentional 

engagement, particularly enhancing alpha wave activity, a marker of attentional focus. This 

suggests that FAM exercises may prime the brain for sustained attention by reducing interference 

from distractors, supporting efficient attentional resource allocation (Yoshida et al., 2020). 

The proposed study aims to explain the mechanisms by which various forms of 

meditation might impact visual search performance through attentional enhancement or 
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perceptual acuity. The visual search task is widely used in cognitive psychology and 

neuroscience to assess efficiency in perceptual processing and attentional engagement. In these 

tasks, participants are required to locate a target stimulus amidst distractors, a process that 

reflects the brain’s ability to focus selectively and resist interference. Visual search tasks engage 

neural circuits involved in both attentional and perceptual processes, making them significant for 

examining how meditation impacts these capacities. By including EEG data during visual search 

tasks, this study will examine whether changes in alpha and theta brain waves after meditation 

correlate with enhanced search efficiency, operationalized as reaction time and accuracy (Hout et 

al., 2021). EEG provides a non-invasive method to observe present changes in brainwave 

activity, which allows for the precise measurement of neural changes that occur with 

improvements in task performance. This study furthers the understanding of how meditation 

might influence real-time cognitive processes like selective attention and perceptual 

discrimination, potentially offering insights into meditation as a tool for enhancing cognitive 

resilience in attentional-demanding environments. 

The primary hypothesis of this study is that Focused Attention Meditation (FAM) will 

enhance visual search task performance compared to Open Monitoring Meditation (OMM) and 

the control group that does not engage in any meditation. Based on prior research, the hypothesis 

proposes that FAM will lead to a marked increase in alpha wave activity, associated with 

heightened attentional control and sustained focus. Enhanced alpha power has been associated 

with the suppression of irrelevant information and increased attentional selectivity, which should 

facilitate more efficient target detection in visual search tasks. In contrast, we hypothesize that 

OMM will likely increase theta wave activity, which reflects broader perceptual awareness and 

cognitive flexibility, but may not support the ability to monitor a wider array of stimuli and adapt 
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quickly to changing task demands. To investigate these effects, we will use power band analysis 

to measure the amplitude and frequency of alpha and theta waves during the visual search task 

following each meditation condition. Power band analysis allows us to quantify the strength of 

specific brainwave frequencies, providing insight into the unique ways FAM and OMM 

modulate attentional and perceptual processes. By analyzing patterns of alpha and theta waves, 

this study seeks to investigate the distinct neural mechanisms by which these meditation types 

enhance cognitive processes related to perception and attention. 

Method 

Participants 

The study will use a sample of 14 students from NEUR353A/PSYC353AX, all of whom 

will be aged 20-22 to maintain demographic consistency. To control for potential variability in 

prior meditation experience, each participant will complete a pre-study survey. This survey will 

collect data on their meditation history, frequency, and duration of practice, as well as other 

relevant demographic details. The survey results will allow us to control for differences in 

familiarity with meditation techniques and establish any baseline disparities in attentional or 

perceptual capabilities. Should the survey reveal significant variability in meditation experience, 

we will stratify the data analysis based on these factors to ensure accurate interpretation of 

Focused Attention Meditation (FAM) and Open Monitoring Meditation (OMM) effects on visual 

search performance. 

Study Design 

This study will employ a between-subjects design with two experimental groups: 

Focused Attention Task (FAMT), Open Monitoring Meditation Task (OMMT), and a No 

Meditation Task (NMT) control. Participants will be randomly assigned to one of the three 

conditions. Each participant in the FAM and OMM groups will engage in a 10-minute guided 
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meditation session, whereas the control group will sit quietly for 10 minutes without any directed 

mental activity. By comparing visual search performance across these groups, the aim is to 

isolate the specific impact of meditation practice on attentional and perceptual efficiency. 

Procedure 

Participants will be provided with a pre-test questionnaire designed to assess their level 

of familiarity with meditation, as well as to gather information about their previous experience 

with meditation practices. This will help to better understand their background and knowledge 

prior to the study. 

After the pre-test, participants will undergo a pre-task baseline measurement. Here, a 

wireless EEG headset will be carefully fitted to their head, ensuring accurate electrode placement 

on key regions such as the frontal (Fz, F3, F4) and occipital (O1, O2) areas to capture brainwave 

activity relevant to attention and visual processing. During this session, each participant will sit 

in a relaxed, neutral resting state for two minutes while EEG data is recorded. This brief resting 

period, free from any cognitive or physical tasks, will allow for the capture of baseline levels of 

alpha and theta power, which are critical markers of attentional engagement and relaxation. By 

establishing these baseline values, it can later be compared with post-meditation measurements 

to determine how each meditation condition (Focused Attention Meditation, Open Monitoring 

Meditation, or No Meditation Task) may alter neural activity in these specific frequency bands. 

Following the baseline EEG recording, participants will engage in the visual search task, 

where they will be required to locate a target stimulus (an orange square) among 90 distractor 

stimuli, which will vary in color, shape, or size. The visual search task is adapted from the Hope 

College Psychology Department’s Psych Lab’s Project where a number of three distractor stimuli 

are presented alongside one target stimuli in the go condition (Ludwig). The task will follow the 

procedure outlined. Participants will be instructed to place their left index finger on the “N” key 
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and their right index finger on the “M” key. They will begin each trial by pressing the 

SPACEBAR with their thumb to start the trial. Each trial will involve determining whether the 

target stimulus (an orange square) is present or absent. If the target is present, participants will 

press the "M" key ("match"); if the target is absent, they will press the "N" key ("no match"). 

Participants will be encouraged to respond as quickly and accurately as possible, aiming to 

minimize mistakes. Participants will complete 40 test trials which will assess visual search 

efficiency by recording reaction time (from when the stimuli appear to when the target is 

identified) and accuracy (correctly identifying the presence or absence of the target). Trials will 

include a variety of target-present and target-absent conditions to test both attentional 

engagement and perceptual discrimination. 

After completing the visual search tasks, a single participant at a time will be taken into a 

controlled environment in which they will undergo one of the three experimental conditions. A 

10 minute audio recording with the corresponding meditation will be played. The participants 

will follow the instructions given by the audio recording, taken from Colette Smart’s Facilitator 

Guide, as the EEG headsets record their brainwaves in the frontal and occipital lobe. The NMT 

control group will sit quietly for 10 minutes without engaging in a meditative or mental task.  

Immediately after the audio is finished, the participant will complete another 40 rounds of 

visual search tasks under the same conditions as the initial task. These trials will be designed to 

assess any changes in reaction time and accuracy following the meditation or control 

intervention. 

After completing the visual search task, the participants will have their headsets removed, 

and will fill out a post-test survey regarding task difficulty, focus, and any subjective experiences 

during meditation.  
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EEG Data Collection and Power Band Analysis 

As discussed previously in the procedure section, EEG data will be recorded using a 

wireless EEG headset with electrodes positioned on frontal (Fz, F3, F4) and occipital (O1, O2), 

and parietal regions (P3, P4) to measure alpha and theta activity, bands linked with attention and 

perceptual processing. The placement of electrodes in the frontal region is critical, as this area of 

the brain plays a central role in higher-order cognitive functions such as attention regulation, 

executive control, and task-switching abilities, which are significant components of selective 

attention required in visual search tasks. By examining alpha and theta activity in these regions, 

we aim to capture how meditation affects the brain's capacity for sustained focus and reduced 

distractibility. The occipital electrodes, positioned in areas primarily associated with visual 

processing, will provide data on how meditation may influence the neural underpinnings of 

perceptual clarity and the ability to filter visual stimuli. Alpha and theta waves in the occipital 

region are particularly relevant for visual processing tasks, as they are involved in suppressing 

irrelevant stimuli, thereby enhancing target detection and visual discrimination. The combined 

placement of frontal and occipital electrodes allows for a comprehensive assessment of the 

interactions between cognitive and perceptual processing during meditation. Given that eye 

movements are known to influence EEG signals, eye-tracking will be used concurrently to 

account for artifacts.  

EEG Data Collection and Power Band Analysis 

We will use power band analysis to quantify changes in alpha and theta power across the 

three groups. This analysis involves measuring the amplitude of brainwave oscillations in 

specific frequency bands (alpha and theta) during different phases of the task, before and after 

meditation. It will allow for an examination of how meditation influences neural activity linked 

to attention and visual processing. In parallel, reaction time and accuracy in the visual search 



THE IMPACT ON MEDITATION ON VISUAL SEARCH                                                          
10 

task will be used as behavioral measures of task performance. A two-way ANOVA will be 

conducted, with meditation type (e.g., mindfulness, concentration) and task phase 

(pre-meditation vs. post-meditation) as independent variables. This statistical analysis will 

provide insight into how meditation influences both brain activity and behavioral outcomes, such 

as the speed and accuracy of visual search. EEG data will be analyzed for amplitude, phase, and 

location-specific changes in alpha and theta waves, particularly in the frontal and occipital 

regions, which are most involved in attention and visual processing. Correlations between EEG 

metrics and task performance will help display whether neural changes predict behavioral 

outcomes. 

Correlation analyses will be performed to examine the relationships between EEG 

metrics (such as changes in alpha and theta power) and task performance (reaction time and 

accuracy). These analyses will help determine whether neural changes in specific frequency 

bands predict improvements or declines in behavioral outcomes, offering deeper insights into the 

underlying neural mechanisms that mediate the effects of meditation on visual attention and 

cognitive performance. 

Broader Impacts 
Practical Implications of Findings 

 If FAM and OMM are found to enhance visual search performance and alter brainwave 

patterns associated with attention, it could display meditation as a tool and exercise that may 

improve perceptual processing and attentional control in critical and demanding environments. In 

educational environments, enhanced attention may enhance learning outcomes by helping 

students engage more deeply and resist distractions, leading to better retention and 

comprehension. Similarly, in fields where quick and precise attentional shifts are vital, such as 

surgery, emergency response, or air traffic control, integrating meditation training could help 
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individuals maintain high performance, even under an immense amount of stress. Enhanced 

focus from meditation could increase the accuracy of decision-making, reduce errors, and 

optimize reaction times, likely saving lives in high-stakes circumstances. 

 The study’s results could also impact the way workplaces address productivity and 

mental health, making meditation a necessity in wellness programs. For industries requiring high 

cognitive demands, such as engineering, medicine, or finance, training employees in brief, 

targeted meditation exercises may enhance work efficiency and improve stress management, thus 

generating a more resilient and mindful workforce. 

Theoretical Contributions to Cognitive Neuroscience 

 This study aims to contribute to cognitive neuroscience by investigating the specific 

neural mechanisms of attentional enhancement through meditation. By comparing EEG 

measures of alpha and theta activity before and after FAM and OMM, the study can help identify 

whether these meditation types generate distinct neural effects on cognitive adaptability and 

attentional control. A refined comprehension of how meditation influences attention networks 

could improve models of attention regulation and cognitive control within cognitive 

neuroscience, particularly as they relate to meditative states.  

 Furthermore, if the study identifies consistent patterns of brainwave changes associated 

with enhanced attentional performance, it could contribute to the development of EEG-based 

biomarkers for attentional states. Such biomarkers could be valuable in creating objective 

metrics for evaluating cognitive engagement and monitoring training outcomes in 

mindfulness-based interventions. These biomarkers might further advance research on 

optimizing meditation techniques and even customizing them based on individual cognitive 

profiles to enhance specific attentional functions. 

Clinical and Societal Impact 
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 Meditation and mindfulness have been displayed to improve mental health by reducing 

anxiety and stress, thus making these practices significant in clinical psychology and psychiatry. 

By demonstrating the cognitive benefits of meditation on visual search and attentional 

processing, this study could support its application as a cognitive enhancement tool in clinical 

environments. For instance, populations with attention-related disorders, such as ADHD or 

ADD, may benefit from regular meditation training to improve self-regulation and focus, 

potentially decreasing reliance on medication while encouraging holistic treatment approaches. 

 Aside from individual benefits, these findings could support the general adoption of 

mindfulness practices in workplaces, schools and community programs to enhance attention and 

lessen cognitive fatigue. If meditation is shown to significantly improve cognitive control, 

educational institutions may begin incorporating mindfulness exercises into curriculum to aid   

academic achievement and student engagement. Additionally, as societies grapple with the 

effects of pervasive digital distractions in a modern era, this research may exhibit meditation as a 

counterbalance to screen time, encouraging a cultural shift toward more mindful and focused 

ways of interacting with technology. 
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