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The Relationship Between Fine Temporal Sensitivity and Resting Beta Wave Frequencies 

Temporal processing refers to the way in which the brain estimates time; however, 

“estimation of time” is broad in its meaning. There are numerous theories about how the brain 

processes time and what mechanisms are used in this process; depending on the situation, stimuli 

from the environment may need to be processed in different manners for a person to respond 

accurately. For example, one may need to judge the order in which events occurred in a situation 

(e.g. a baseball umpire processing whether the runner got to second base in comparison to the 

second baseman catching the baseball), or a person may need to determine how long an event 

lasted. This indicates that multiple different functions of temporal processing may exist.  

Another aspect of temporal processing is the type of time that is examined. There are 

various scales of temporal processing; these include microseconds, milliseconds, seconds, 

minutes, hours, and days. Temporal processing on the microsecond level is usually used to 

determine sound localization in humans. Timing processes at the second, minute, and hour level 

rely on conscious and cognitive control. Temporal processing in regards to milliseconds has been 

given a great deal of emphasis because it is related to adaptive behaviors, such as speech 

processing, music perceptions, and sensory perception (Grondin, 2010). 

Researchers have discovered that temporal processing deficits may be present in several 

clinical populations, including Attention Deficit Hyperactivity Disorder (ADHD), Autism 

Spectrum Disorder, speech deficits, Schizophrenia, and Parkinson’s disease (Grondin, 2010). 

These deficits may lead to slight impairment in daily functioning, speech, and social interactions 

(Grondin, 2010). For instance, it may be difficult for an individual with a temporal processing 

impairment to produce and understand speech in a succinct manner. Temporal processing 
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deficits can have a major impact on a person’s life and further understanding of developmentally 

typical temporal processing may assist in detecting and improving these deficits. 

Temporal Processing Theories 

Two of the major theories of temporal processing are the Centralized Theory of temporal 

processing and the Distributive Theory of temporal processing. The Centralized Theory of 

temporal processing states that there is a specific location where temporal processing occurs in 

the brain and that it is functionally localized and dependent on the type of stimulus being 

processed (auditory, visual, tactile, etc.). The Distributive Theory of temporal processing states 

that temporal processing occurs at different locations in the brain and the temporal information is 

then integrated to gain an overall representation of time. The Centralized Theory and the 

Distributive Theory both provide explanations of how temporal processing may occur. Models 

derived from these theories have suggested different mechanisms for how temporal processing 

occurs in the brain through neural networks and processing. Although these theories are often 

presented as distinct, actual temporal processing may occur due to a combination of these two 

theories and the models derived from them. 

The internal clock model. The Internal Clock Model is a model that is commonly used 

to further explain the mechanisms of temporal processing in both the Centralized and the 

Distributive Theory (Treisman, 1963). The Internal Clock Model holds that time may be 

processed by perceiving a stimulus, calculating the duration of the stimulus, and then comparing 

this duration to previous stimuli durations held in long-term memory.  

This model is comprised of three components: a pacemaker that is analogous to a clock 

component (which counts neural pulses), a memory component (where the information from the 

pacemaker is stored), and a decision-comparison component that compares the neural pulses 
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from the clock with previously stored measures in long-term memory (Creelman, 1962).This 

essentially involves working memory and long-term memory to be able to appropriately compare 

temporal length of an event. Each neural pulse that is fired is activated by an outside stimulus, 

therefore the more stimuli that are being processed the more time the internal clock will perceive 

due to the increase of neural pulses firing.  

When individuals experience a traumatic event, they will often claim that everything was 

in “slow motion” and the event was perceived as a longer duration of time when compared to the 

true time length. For example, an individual may claim that a fight lasted for five minutes; 

however the objective length of time was 45 seconds.  The Internal Clock Model provides an 

explanation for this phenomenon by describing how it is possible that traumatic events, such as a 

car crash, are perceived as a longer amount of time. As physiological arousal and the amount of 

stimuli occurring during the event increase, the speed of the pacemaker is affected and neural 

firing increases causing time to be perceived as slowed down.  Specifically, the increased 

number of pulses calculated by the pacemaker becomes translated into a perceptually longer 

period of time when compared to less arousing events in memory. This theory suggests that 

specialized neurons create the pacemaker and fire according to time that has passed and generate 

the “pulses” previously discussed.  

The Centralized Theory and the internal clock. The application of the Centralized 

Theory to the neural processing of time would suggest that the frequency of the internal clock is 

represented by neural firing. This theory suggests that specialized neurons create the pacemaker 

and fire according to time that has passed and generate the “pulses” previously discussed. 

Overall, this the Centralized Theory states that the internal clock mechanisms are in one 

centralized location in the brain.  
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The Distributive Theory and the internal clock. The application of the Distributive 

Theory to the neural processing of time would suggest that there are several regions of the brain 

that contain an internal clock. The specific region that is used is dependent on the type of 

stimulus presented. For example, an auditory stimulus would activate a different region 

compared to a visual stimulus. There is evidence that several brain systems are used in temporal 

processing, including the brain stem, the basal ganglia, the cerebellum, and the parietal cortex 

(Mauk & Buonomano, 2004). This theory also allows the possibility that different systems work 

together to fulfill the whole outcome of temporal processing (e.g. different regions of the brain 

perform different functions of the internal clock).  

Within the Distributive Theory, there are models that further explain the possibility of an 

internal clock. One of these models is the State-Dependent Network Model. This model explains 

temporal processing by using a bottom-up approach and focusing on the biological aspects that 

may influence time perception. Time perception in this model is explained in terms of the state 

of neural networks. For example, the perception of time is caused by the comparison of different 

states of the neurons. If one stimulus leads to neurons firing, then some of the neurons may be 

hyperpolarized or depolarized when the next stimulus is present, this works mainly for stimuli 

that are presented in short periods of time (e.g. microseconds or milliseconds).  

Strengths and limitations. The Centralized Theory and the Distributive Theory of 

temporal processing both have compelling research to support them. But which theory is the 

“correct” theory?  According to the Centralized Theory, temporal processing would occur in the 

same location in the brain for auditory, visual, and tactile stimuli. This is a potential flaw because 

auditory, visual, and tactile stimuli are processed in different regions of the brain. Also, 

psychopharmacological studies have provided evidence against the Centralized Theory. These 
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studies have shown that dopamine antagonists and benzodiazepines can both lead to impairments 

in temporal processing (Meck, 1996; Rammsayer, 1999). Dopamine antagonists typically affect 

the substantia nigra, the basal ganglia, the prefrontal cortex, and other areas in the brain involved 

in the dopamine system. However, benzodiazepines increase the amount of GABA in the brain. 

These studies may suggest that different regions are involved in temporal processing due to 

neurotransmitter systems producing different effects on temporal processing and providing 

evidence against the Centralized Theory. 

Although there are strong arguments against the Centralized Theory, temporal processing 

is not so clear cut. Researchers have found correlations between performance on a motor tapping 

task and an interval discrimination task (Zelaznik, Spencer, Doffin, 2000). These are two 

different temporal tasks that require different responses (motoric tapping and verbal estimation 

of time). This provides evidence for the Centralized Theory because it would be expected that 

accuracy would be correlated if the same timing mechanisms were used when demonstrating 

temporal information through different timing tasks (e.g. tapping and estimation), despite 

different areas of the brain being involved in the primary processing of the different type of 

tasks.  

Overall support for the Distributive Theory comes from Meck’s (1996) study, which 

found that the dopaminergic system may be used in calculating time in the form of milliseconds 

while the cholinergic system is used to process longer durations of time. Research has connected 

dopamine to temporal processing through the examination of the psychopharmalogical effects of 

dopamine and investigating temporal processing in patients with Parkinson’s disease (Meck, 

1996). Through these studies it is evident that dopamine has an effect on duration discrimination 

when examining millisecond time intervals. Researchers have theorized that increased dopamine 
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levels lead to a decrease in the pace of the internal clock mechanism; this can affect temporal 

processing on several temporal levels including milliseconds, seconds, and minutes (Meck, 1996; 

Rammsayer, 1999). However, cholinergic neurons may play a role in long range temporal 

processing that relies on cognition. This may be due to the relationship between acetylcholine 

and memory because the comparator (from the internal clock mechanism) needs to compare 

temporal durations held in working memory to those held in long term memory.  Although there 

is support for this theory, it is important to be aware that the differences in perceived temporal 

processing may actually be due to other actions besides temporal processing, such as the arousal 

or the cognitive state of a person. 

Time’s Subjective Expansion model. A recent study was conducted to provide a model 

to explain how hypoarousal and temporal deficits correlate (Tse, Intrilligator, Rivest, & 

Cavanagh, 2004). Tse et al. (2004) provided a model for time perception that attempts to explain 

the effect of over arousal/inattentiveness in adults on temporal processing. The model is known 

as Time’s Subjective Expansion (TSE). The TSE model explains that temporal perception may 

be affected by the rate of processing that is occurring during time perception. When novel or 

important stimuli are present, it may appear as though time is in “slow motion” which allows the 

stimuli to be processed in great depth. This model may be true for adults who are inattentive and 

receiving a large amount of stimuli at once. This model falls under the broader category of 

internal clock models which suggests that stimuli are compared with previous stimuli stored in 

long term memory by using the comparator component of the internal clock. The purpose of the 

current study was to gain knowledge of temporal processing mechanisms by attempting to find 

evidence for the Internal Clock Model, more specifically, the Time’s Subjective Expansion 

(TSE) model. 
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EEG, Attention, and Temporal Processing 

Attention has been noted as an important aspect of temporal processing (Engel & Fries, 

2010). For example, attention is commonly viewed as a causal agent of perceived duration of 

time (Grondin, 2010). Attending to a stimulus or a flow of events may lengthen time perception 

whereas a distraction from the target stimulus would decrease the perceived duration of time 

(Grondin, 2010). The TSE model specifically focuses on how perceived time is distorted during 

the odd-ball effect due to the increase in the amount of information being processed.  

The odd-ball effect occurs when a common stimulus is consistently presented alongside 

an uncommon stimulus. For example, an individual is presented with 200 stimuli, 195 of these 

stimuli are red circles (the common stimulus) and 5 of the stimuli are blue circles (the 

uncommon stimulus/odd-ball). This uncommon stimulus is believed to cause an allocation of 

attention. Therefore, when the uncommon stimulus is presented, there is an increase in attention 

and an increase in the amount of information processed. The odd-ball stimulus negatively 

impacts temporal processing, leading to a decrease in temporal processing accuracy. In regards 

to the TSE model and the present study, if attention impacts the perceived amount of time, 

individuals discriminating the offset of two stimuli should be less accurate if they are exercising 

less attention at a baseline level (lower resting beta brain wave activity). 

Beta brain wave activity. Based on previous research, beta brain wave frequencies may 

be a key factor in understanding temporal processing deficits (Clarke, Barry, McCarthy, 

Selikowitz, & Brown, 2002). The term beta brain wave frequencies refers to the specific firing 

speed of neurons within a specific range, in this case between 14-25 hertz, and thus are small and 

fast in frequency. These brain waves are present during intellectual activity, concentration, 

problem solving, and information processing. Since attention has been correlated with beta brain 
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wave frequencies and research has shown that attention plays a role in temporal processing, it is 

important to focus on research that connects attention deficits, temporal processing, and 

physiological measures (brain wave frequencies).  

Researchers were able to identify and categorize two types of ADHD in children based 

on brain wave frequencies during resting EEG recordings (Clarke, Barry, McCarthy, Selikowitz, 

& Brown, 2002). These subtypes are characterized by increased slow wave activity and 

deficiencies in fast waves (hypoarousal) and increased theta waves with impairments in beta 

waves (maturational lag). Clarke et al. (2002) looked at the frontal, central, and posterior regions 

of the brain. In the Clarke et al. (2002) study, the hypoaroused groups showed deficiencies in 

resting beta brain wave frequencies activity and the participants in these groups were categorized 

as being under aroused. Beta brain wave activity has been associated with attention in other 

studies as well, indicating that during top-down processing (as compared to at rest) beta brain 

wave activity is increased (Engel & Fries, 2010). However, Alexander et al. (2007) found that 

children with ADHD continue to show a decrease in beta brain wave activity even during 

cognitive tasks, which was evident via even-related potentials (ERPs). Hypoarousal, as indicated 

by deficiencies in beta brain wave frequencies in children with ADHD, may provide insight as to 

how attention is related to temporal processing mechanisms, thus supporting how the TSE model 

provides a foundation for how attention can warp subjective time.  

 It should be noted that beta brain wave activity is impacted by motoric movement. When 

motor movement is initialized, beta brain wave activity decreases and once motor movement 

stops there is a rebound effect (Courvoisie, Hooper, Fine, Kwock, & Castillo, 2003). Motor 

movement is effected by GABA, an inhibitory neurotransmitter, which is abundant in the basal 

ganglia. The GABA neurotransmitters send inhibitory signals to the motor cortex so that body 
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movements can be inhibited or used. Overall, beta brain wave activity is positively correlated 

with GABA during motoric movement. This provides evidence for the idea that beta brain wave 

activity may be linked to GABAergic inhibition (Porjesz et al., 2002). Researchers have found 

lower levels of GABA in the prefrontal cortex of children with ADHD compared to a control 

group (Courvoisie et al., 2003). Also, research has showed that benzodiazepines (GABA 

agonists) increased beta brain wave frequencies (Rudolph, Crestani, & Mohler, 2001).This may 

provide evidence for a relationship between beta brain wave activity and attention due to the 

need to have a balance between inhibiting excessive external stimuli while allowing important 

information about stimuli to pass through the thalamus, which relays motor and sensory 

information. If there is less GABA being released in the brain then there will be a decrease in 

beta wave activity; lower beta brain wave activity is associated with hypoarousal. If a person is 

generally hypoaroused, then there will be a decrease in beta wave activity, which could lead to 

excessive information passing through the thalamus. The increased amount of information due to 

a decrease in inhibition may skew temporal processing as discussed by the TSE model. Although 

the TSE model generally refers to subjective time in the form of minutes, hours, days, months, 

and years; the TSE model may also apply to temporal processing in the millisecond range. Also, 

decreased inhibition may lead to a person responding suddenly and inefficiently while talking or 

performing a task. 

 Theta brain wave activity. Theta brain wave activity may be impacted in individuals 

with ADHD as well. The term theta brain wave frequencies refers to the specific firing speed of 

neurons within a specific range, in this case between 4-7 hertz, and thus are longer and slower in 

frequency when compared to beta. Theta is believed to be present during meditative states and is 

associated with memory, inner reflection, and impulsivity. Individuals with ADHD typically 
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have higher theta wave frequencies in comparison to control groups (Barry, Clarke, & Johnstone, 

2003).  

Overall, theta brain wave activity is positively correlated with the neurotransmitter 

acetylcholine. Acetylcholine is an inhibitory neurotransmitter in the central nervous system and 

plays a crucial role in learning, memory, decision making, and arousal. Arousal is an important 

component of the internal clock model, and positively impacts the rate of the pacemaker (as 

mentioned previously). Acetylcholine deficiency is also a major component of Alzheimer’s 

disease, which is also associated with temporal processing deficiencies. However, the 

relationship between temporal processing accuracy and theta has not been thoroughly explored. 

Temporal processing is complex and multidimensional which makes it difficult to 

understand the mechanisms involved. In order to understand these mechanisms it is important to 

focus on an area of temporal perception. Many experiments have focused on the effects of 

ADHD on temporal perception; this may provide evidence that attention plays a key role in 

temporal processing. Researchers have found a correlation between baseline brain wave 

frequencies and performance on temporal tasks in children with ADHD (Clarke, Barry, 

McCarthy, Selikowitz, & Brown, 2002; Clarke, Barry, McCarthy, Selikowitz, Clarke, & Croft, 

2003). 

Present Study 

Temporal processing is a complicated process and researchers are still unsure of the 

mechanism behind it. Various theories and models have been developed to try to explain how 

people perceive time. Researchers have investigated populations that have temporal deficits, 

including individuals with ADHD, Autism, Schizophrenia, and speech deficits. These studies 

have provided evidence for various models of temporal processing. The current study attempted 
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to find evidence for the TSE model by investigating the relationship between resting EEG beta 

brain wave frequencies and performance on a duration discrimination task. Due to the role of 

theta in attentional processing, this frequency range was also examined. 

A duration discrimination task presents two stimuli to participants and requires them to 

distinguish between the durations of the two stimuli. This task is used to determine the accuracy 

of a person’s temporal judgment. The Internal Clock Model claims that stimuli are compared to 

one another by the comparator and this task offers a way to measure the accuracy of a 

comparison. The present study will use a duration discrimination task to measure temporal 

accuracy. 

Hypothesis 

Lower beta brain wave activity may be indicative of inattentiveness and disinhibition, 

which would make it difficult to distinguish the offset of two stimuli due to the increased amount 

of information being processed and the inability to effectively respond. This is in accordance to 

the TSE model and recent research about beta brain wave frequencies because the TSE model 

suggests that when too much information is processed, temporal perception is skewed.  Beta 

brain wave activity has been linked to attention and concentration; also studies focusing on 

participants with ADHD have provided evidence of beta wave deficiencies during resting EEG 

states and during active tasks.  The relationship between temporal processing accuracy and theta 

brain wave frequencies will also be examined due to the significant presence of theta brain wave 

frequencies in the literature on individuals with ADHD; however no hypotheses were generated 

about theta due to the exploratory nature of the analyses. 

Lastly, there are several areas of the brain that may play a role in temporal processing. 

The Distributive Model gives credit to the prefrontal cortex, parietal lobe, and the basal ganglia 
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for temporal processing mechanisms. However, the parietal lobe is involved in reading, 

processing speech, object recognition, and visual perception. These are processes that are highly 

connected to temporal processing and temporal order (Grondin, 2010). A study using fMRI 

demonstrated that the parietal lobe is involved with early temporal processing (Rao, Mayer, & 

Harrington, 2001). This is concurrent with functions of the parietal lobe. Due to the connection 

between the functioning of the parietal lobe and temporal processing, the parietal lobe may be a 

key factor in temporal processing. I hypothesized that adults with lower resting beta brain waves 

in parietal regions (electrodes Pz, P1, P2, P3, P4, P5, P6, P7, P8, P9, P10, PO3, PO4, PO7, and 

PO8) would perform less accurately on a temporal processing task. These results may provide 

evidence for how temporal processing works and the use of EEG may provide specific 

information about what is occurring in temporal deficits. 

Method 

The present study focused on the relationship between beta brain wave activity and 

performance on a temporal task. Beta brain waves were looked at to find support for Time’s 

Subjective Expansion model (Tse, Intrilligator, Rivest, & Cavanagh, 2004), by focusing on beta 

brain wave frequencies, which Clarke et al. found to be associated with inattentive ADHD 

(Clarke, Barry, McCarthy, Selikowitz, & Brown, 2002; Clarke, Barry, McCarthy, Selikowitz, 

Clarke, & Croft, 2003).  Lower resting beta may be indicative of a general dysfunction in the 

GABAergic inhibitory system, such that under-production of GABA at rest may be indicative of 

general under-production of GABA when attentional inhibition of unnecessary stimuli is needed 

to perform a task.  Beta brain wave frequency was measured at 14Hz to 25Hz. 

Participants 

 This study consisted of 16 participants, 9 females and 7 males. Participant ages ranged 
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from 18-23 (M=20.53, SD=1.34). The majority of participants identified as Caucasian (87.5%) 

and 12.5% individuals identified as African American. The participants were undergraduate 

college students from a Midwestern university. Students received partial course credit for 

completing the study or monetary compensation for their time.  

Participants were excluded from the data analysis for the following reasons: multiple 

concussions (1), neurological problems, medications that impact the central nervous system (1), 

psychological disorders (1), migraines (2), visual impairments (2), and non-interpretable EEG 

recordings (25). Furthermore, participants were excluded from the data analysis if a d’ score was 

not able to be calculated (17); meaning the participant was not sensitive to the temporal 

differences during task performance. The acquisition of a d’ score will be further discussed in the 

results section. Overall, data was collected from 60 participants but data was only analyzed from 

16 participants due to the exclusion criteria.  

Materials 

Participants were asked to complete the following three surveys: a health survey, the 

Edinburgh Handedness Inventory (Oldfield, 1971), and the Barkley ADHD Behavior Checklist 

for Adults (Barkley & Murphy, 1998). 

Health survey. Participants were asked to provide information about their medical 

history pertaining to neurological problems, medication, and psychological disorders (see 

Appendix A). This information was used as exclusion criteria to ensure that participants did not 

have neurological/psychological problems and were not currently on medication that may 

interfere with the qualitative electroencephalography (QEEG) recording.  

Edinburgh Handedness Inventory (Oldfield, 1971). Participants were also asked to 

complete the Edinburgh Handedness Inventory (see Appendix B). This survey is compiled of10 
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questions regarding which hand the participant uses to complete several everyday tasks.  

Participants indicated whether they typically use their left, right, or both hands interchangeably 

to complete everyday tasks. Although participants self-report their handedness, this measure can 

be used to distinguish between individuals who are right handed, left handed, and ambidextrous. 

This is important because individuals who are ambidextrous and left handed are not typically 

used in electrophysiological recordings and brain imaging research as it has been found that 

brain organization may differ between someone who is right handed and someone who is left 

handed.  

Barkley ADHD Behavior Checklist for Adults (Barkley & Murphy, 1998). 

Participants were also asked to complete the Barkley ADHD Behavior Checklist for Adults (see 

Appendix C). This checklist was developed as a screening tool for ADHD. This measure 

contains 18 items and is based on the DSM-IV criteria for ADHD. The participants rated the 

statements on a four-point Likert scale based on how much the statement reflects the way they 

have felt or conducted themselves in the past six months. The Likert scale ranges from 1 (never) 

to four (very often). The information from this survey was used for exclusion criteria to ensure 

that the study did not contain participants with ADHD. 

Dependent Variable 

Duration discrimination task. A personal computer was used to administer the duration 

discrimination task. Participants were shown pairs of circles and were asked to identify if the two 

circles were presented for the same amount of time or different amounts of time. The circles 

were centrally presented above and below a fixation cross in the center of the screen. When the 

circles were present for the same duration of time, they appeared simultaneously on the screen 

for 200 milliseconds (ms). When the circles were presented for differing amounts of time, one 
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circle was on the screen for 200ms while the other circle offset at differing amounts of time. The 

offset of the circles differed in the following increments less than 200ms: 0, 60, 80, and 100ms. 

For example, during a stimulus presentation that is classified as “different” the participant would 

see two circles appear on the screen at the same time; however one circle would disappear from 

the screen 60ms before the other circle. Participants experienced 600 trials; 150 of the trials 

showed the circles for the same duration of time and 450 of the trials showed circles for different 

durations of time. This task contained three blocks of 200 trials, with all four conditions 

counterbalanced in each block.  

The task described was chosen because it resembles tasks from previous research on 

temporal processing that seem to be fundamental for focusing on temporal processing in the 

milliseconds range (Funnel, Corballis, & Gazzaniga, 2003; Toplak, Dockstader, & Tannock, 

2006). Various different tasks have been used to conduct temporal processing research; this task 

was chosen because it was necessary to find a method for measuring time discrimination that is 

common in the literature. 

Apparatus 

EEG data was recorded using a BioSemi ActiveTwo system; a 280-channel EEG 

amplifier. The EEG recordings were transferred to the BioSemi ActiveTwo system via a sixty-

four location electrode cap by BioSemi. The EEG data was collected on a personal computer that 

was connected to the BioSemi ActiveTwo system. The BioSemi ActiView program was used to 

record the resting EEG data.  

Procedure 

 Participants partook in the study one at a time. They were greeted and asked to 

thoroughly read and sign an informed consent form (see Appendix D). Participants were 
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informed that if they decided to participate in the study, they would be asked to allow the 

researchers to apply an EEG cap to their head and allow the researchers to fill the electrodes with 

gel that washes out easily. If participants agreed, then the procedure continued. Participants filled 

out the Health Survey, Edinburgh Handedness Inventory, and the Barkley ADHD Behavior 

Checklist for Adults. 

 The experimenter measured the participants head to ensure the correct size cap was used. 

After the EEG cap, gel, and electrodes were applied, participants were asked to sit in a chair in a 

dimly lit room for five minutes with their eyes open and fixated on a cross on the wall. During 

this time the EEG data was recorded on a computer. Any visible movement or actions were 

noted by the researcher to ensure that the data did not reflect motor movement. Once the five 

minutes was completed, the EEG cap was removed from the participant’s head and the temporal 

task was administered.  

Participants were asked to complete the temporal task on the computer. Participants were 

first allowed to practice the task via a practice trial to ensure that the participants understood the 

directions. Participants were asked to press the 1 key on the keyboard for “Same” (meaning the 

two circles were present for the same amount of time), or the 3 key for “Different” (meaning the 

two circles were not present for the same amount of time). These keys had solid green stickers on 

them with either the letter S or the letter D printed on the sticker to indicate “Same” or 

“Different”. This was done to ensure that the participants were aware of what keys to press. Once 

the task was completed the participants were debriefed. The debriefing included information 

about the study. Participants were allowed to ask any questions about the study afterward. 

Results 

A bivariate correlation was conducted to analyze the relationship between sensitivity on 
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the temporal task and resting theta, alpha, beta, and gamma wave frequency.  

Electrophysiological Data Preparation 

EEG data was collected with BioSemi ActiView 7.06 (http://www.biosemi.com; BioSemi 

B.V., Amsterdam, Netherlands) and cleaned with EMSE 5.5.2 software 

(http://www.sourcesignal.com; Source Signal Imaging Inc., La Mesa, California, USA).The data 

was imported and filtered with a fifth order Butterworth filter of .05–70Hz and referenced 

digitally to average mastoids. Data were submitted to an automated data cleaning algorithm for 

automated correction of movement artifacts and blinks for all amplitudes exceeding ±75 mV. 

Finally, data were submitted to visual inspection for further artifact correction and cleaning. For 

the 5-min data collection interval at a 256 Hz sample rate, a sliding Hanning window with 75% 

overlap was applied to extract contiguous artifact free epochs, and fast Fourier transformation 

was used to calculate the average spectral power (ASP) of the peak EEG frequencies. The time 

frequency windows were defined as follows: theta (4–8Hz), alpha (8–13Hz), beta (14–25Hz), 

and gamma (30–40Hz). In this way, the average ASP (mV
2
) value for each frequency was 

obtained per participant across the entire recording epoch, excluding data rejected because of 

blinks and artifacts.  

Statistical Analysis  

 The data was analyzed using a bivariate correlation to investigate the relationship 

between accuracy on the temporal task and resting beta brain wave frequency. Accuracy on the 

temporal task was calculated using d’ (d-prime) for each participant. The use of d’ demonstrated 

how sensitive the participant was to recognizing offset differences during the temporal task. This 

can be thought of as accuracy on the “different offset” conditions. By using d’ I examined 

individual differences in sensitivity to the temporal task. This score is generated by looking at the 
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number of correct responses when the stimuli were “different” and the number of times the 

participant responded incorrectly when the stimuli were the “same”; these can also be thought of 

as the “hit rate” and the “false alarm rate”. Furthermore, as the “false alarm rate” increases, the 

d’ score decreases. A lower d’ score occurs when the stimuli are presented for the same amount 

of time, but the individual reports that the circles appear for “different” amounts of time. 

 An incomputable d’ score is reflective of individuals whose accuracy was at the rate of 

chance (50%) or below. Since some individuals did perform at or below 50% (chance) these 

individuals were not included in the data analysis (17). Incomputable d’ scores likely occurred 

because the participant was not sensitive to the fine temporal differences, did not understand the 

directions, or became fatigued. Overall, the use of a d’ score creates a representation of how the 

participant is able to distinguish between time differences. Participants in the present study had 

d’ scores that ranged from 0.97 to 3.14. 

Clusters 

In order to analyze the data, six localized clusters were created to gain a mean average 

power for the frontal, centroparietal, and parietal sections of the left and right hemispheres of the 

brain (see Table 1 and Figure 2). Due to the exploratory nature of this study, a correlation 

between temporal processing accuracy (d’) and the mean power of each cluster was conducted. 

The relationship between temporal processing accuracy and the left parietal beta cluster was 

trending towards statistical significance, r(14)=0.391, p=0.134 (see Table 2). The relationship 

between temporal processing accuracy and the right frontal theta cluster was also trending 

towards statistical significance, r(14)=0.390, p=0.136 (see Table 3). Also, the relationship 

between temporal processing accuracy and the left centroparietal theta cluster was trending 

towards significant, r(14)=0.409, p=0.116. Overall, there was a positive relationship trending for 
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temporal processing accuracy and theta in the centroparietal region of the left hemisphere, beta 

in the parietal region of the left hemisphere, and theta in the frontal region of the right 

hemisphere. Thus, the relationship between temporal processing accuracy and the individual 

electrodes in these clusters was further investigated in order to clarify the observed trends.  

Individual Beta Electrodes 

 The relationship between temporal accuracy and the individual beta electrodes in the left 

hemispheric parietal region was investigated. The electrodes in the left hemispheric parietal 

region consist of P3, P5, P7, P9, PO3, and PO7. There was a strong positive correlation between 

temporal processing accuracy and beta wave activity at the P3 location, r(14)=0.509, p<0.05. 

There was also a strong positive correlation between temporal processing accuracy and beta 

wave activity at the PO7 location, r(14)=0.468, p=0.068.  Specifically, increases in temporal 

processing accuracy were related to increases in beta wave activity at P3 and PO7 (see Table 4). 

There was no significant correlation with any other electrodes in the parietal region (P5, P7, P9, 

and PO3) and temporal processing accuracy. These results do not fully support the hypothesis 

that sensitivity to a temporal processing task would be correlated with beta wave frequencies in 

the parietal region of the left and right hemisphere. Instead, there was a lateralized effect for beta 

wave activity in the left hemispheric posterior parietal region only (i.e., P3 and P07). 

Individual Theta Electrodes 

The relationship between temporal accuracy and the individual theta electrodes in the left 

hemispheric centroparietal region was investigated. The electrodes in the left hemispheric 

centroparietal region consist of C3, C5, CP3, CP5, T7, and TP7. The relationship between 

temporal processing accuracy and individual electrodes in the left centroparietal region and right 

frontal region for theta was analyzed. Overall, there were significant correlations between 
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sensitivity on a temporal processing task and theta brain wave frequencies in the temporal 

parietal region in the left hemisphere. Specifically, there was a strong positive correlation 

between temporal processing accuracy and theta power at the T7 location, r(14)=0.509, p<0.05. 

There was also a strong positive correlation between temporal processing accuracy and theta 

power at TP7, r(14)=0.487, p=0.056. There were no significant correlations with any other 

electrodes in the centroparietal region (C3, C5, CP3, and CP5). Also, there was no significant 

relationship between temporal processing accuracy and individual theta electrodes in the right 

frontal cluster. Overall, increases in temporal processing accuracy were related to increases in 

theta wave activity at T7and TP7 (see Table 5). This provides support for the importance of left 

hemisphere resting theta activation at temporal sites in temporal processing. 

Temporal Processing and ADHD 

Additional analyses were computed to investigate the relationship between temporal 

processing accuracy and ratings on a clinical ADHD scale. Scores on the Barkley ADHD 

Behavior Checklist for Adults and temporal processing accuracy were significantly positively 

correlated, r(32)=0.332, p=0.059. However, this analysis contains more participants than the 

other analyses (34 participants) because EEG data was not used in this analysis; meaning non-

interpretable EEG data was not used as an exclusion criterion. Overall, individuals with higher 

scores on the Barkley scale were more sensitive to rapid temporal offset differences (see Table 

6). This is an unexpected finding because research has shown that individuals with ADHD 

perform poorly on temporal processing tasks. It should be noted that all individuals included in 

the statistical analyses were a non-clinical sample and did not meet the cutoff score for clinical 

ADHD. An analysis of the 16 participants used in the study showed that there was not a 
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significant relationship between scores on the Barkley ADHD Behavior Checklist for Adults and 

temporal processing accuracy, r(14)=0.191, p=0.478 (see Table 7).  

The relationship between beta and theta power and scores on the Barkley ADHD 

Checklist for Adults was investigated. Research has shown that individuals with ADHD tend to 

have a deficiency in beta and excess theta during resting EEG. These analyses were computed to 

ensure that the sample used in the current study was a non-clinical sample. The relationship 

between beta in the left parietal region and scores on the Barkley ADHD checklist were not 

significant, r(14)=-0.193, p=0.443. The relationship between theta in the left centroparietal 

region and scores on the Barkley ADHD checklist were not significant, r(16)=0.229, p=0.361. 

The null correlations between beta and theta wave frequencies and scores on the Barkley ADHD 

Checklist provide evidence that the current study used a non-clinical sample and may provide a 

partial explanation for the positive correlation between non-clinical scores and temporal 

sensitivity.  

Temporal sensitivity was positively correlated with increases in beta and theta brain wave 

frequencies. This was a surprising finding because past research has shown that theta is 

negatively correlated with temporal processing accuracy in individuals with ADHD (Clarke et 

al., 2002). However, a non-clinical sample was used in the present study to investigate temporal 

processing mechanisms. Since the correlations between the Barkley ADHD Checklist and theta 

brain wave frequencies differed from patterns seen in individuals with ADHD, this provides 

further evidence that the sample in the present study differs from a clinical ADHD sample. 

Discussion 

Overall, there were positive correlations with temporal accuracy and resting beta and 

theta brain wave activity (see Figure 3). This means that as temporal accuracy increased, so did 
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resting beta and theta power in the parietal and temporal regions respectfully. The positive 

relationship between beta and temporal accuracy supports the original hypothesis that lower 

resting beta brain wave frequencies in the parietal region of the brain are associated with lower 

accuracy on a temporal task. The relationship between theta and temporal accuracy was 

unexpected. These analyses were purely exploratory and no predictions were made regarding 

theta and temporal processing. There was also a positive correlation between ratings on the 

Barkley ADHD Checklist for Adults and temporal accuracy. Although there were no predictions 

made in regards to the Barkley ADHD checklist, this finding was unexpected and not entirely 

congruent with reports in the literature. Researchers have generally demonstrated that individuals 

with ADHD perform less accurately on temporal processing tasks than a control group. 

Beta and Temporal Processing 

The beta brain wave frequency has been associated with intellectual activity, 

concentration, problem solving, and information processing. Past research has shown that beta 

wave frequencies may play a crucial role in attention (Engel & Fries, 2010). Specifically, 

individuals with ADHD have been shown to have a decrease in resting beta wave frequency 

(Clarke, Barry, McCarthy, Selikowitz, & Brown, 2002). This is relevant to the present study 

because there was a positive correlation with temporal accuracy and beta brain wave frequencies 

in the parietal region. 

Research has provided evidence for a relationship between attention and temporal 

processing. According to the TSE model, the allocation of attention can expand the perception of 

time and decreased temporal accuracy. This may explain why individuals with ADHD have 

temporal processing deficiencies. Beta brain wave frequencies are generally believed to be 

driven by GABA, the inhibitory neurotransmitter.  Less inhibition (lower beta and GABA) could 
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lead to excessive information passing through the thalamus. The increased amount of 

information perceived would skew temporal processing as discussed by the TSE model. Also, 

decreased inhibition may lead to a person responding suddenly and inefficiently during the 

temporal task, which would decrease accuracy on the task. The positive relationship between 

temporal processing accuracy and beta brain wave frequencies supports the idea that GABA 

plays an important role in temporal processing due to the relationship with beta brain wave 

frequencies. 

Overall, increases in resting beta in the left hemispheric parietal regions (P7 and PO3) of 

the brain were positively correlated with temporal accuracy (see Figure 4 and Figure 5). This 

finding supports the hypothesis that lower resting beta wave frequency in the parietal region is 

correlated with lower scores on the temporal processing task. 

Theta and Temporal Processing 

 The theta brain wave frequency has been associated with meditative states, memory, 

inner reflection, and impulsivity. Researchers have found that individuals with ADHD typically 

have higher resting theta wave frequencies compared to a control group (Barry, Clarke, & 

Johnstone, 2002).  However, a positive correlation between theta and temporal processing 

accuracy was found in the non-clinical sample used in the present study. 

Theta wave frequencies are also related to the neurotransmitter acetylcholine. 

Acetylcholine has been noted as facilitating the discrimination between fine temporal stimuli. 

This may be due to the potential impact that acetylcholine has on the internal clock speed and 

alertness (Minces, Alexander, Datlow, Alfonso, & Chiba, 2013). Acetylcholine is associated 

with temporal memory as well. In the internal clock model the comparator uses a memory 

system in order to compare the current temporal stimulus to past temporal stimuli. This allows 
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for the perception of time. Higher theta power may be related to higher levels of acetylcholine, 

which would increase the amount of temporal processing accuracy. This may explain the positive 

correlation between theta and temporal accuracy (see Figure 6 and Figure 7). However, further 

research needs to be done on the exact impact of theta and acetylcholine on fine temporal 

processes.  

Left Hemispheric Advantage for Temporal Processing 

 Left hemispheric temporal theta and parietal beta wave frequencies were significantly 

correlated with temporal accuracy (see Figure 8). Nicholls, Schier, Stough, and Box (1998) 

found a left hemispheric advantage for fine temporal processing with alpha and beta wave 

frequencies in the left temporal lobe. Although alpha did not appear to have a significant impact 

on temporal processing in the present study, beta brain wave frequencies were significantly 

correlated with temporal processing accuracy. Also, it is important to note that Nichols et al. 

recorded alpha and beta wave frequencies during a fine temporal task. The current study 

examined resting brain wave frequencies before performance on a temporal task. 

 The left hemispheric advantage for temporal processing may be related to the extensive 

use of temporal processing in language. Language is believed to be housed in the left temporal 

lobe and damage to the left temporal lobe usually leads to language deficits. The significant 

findings in the left hemisphere are intriguing due to previous findings of temporal processing 

deficits and language deficits (Nicholls et al., 1998). The left hemisphere may be responsible for 

fine temporal processing, which are needed to accurately perform on the temporal task in the 

current study and in language. Further research needs to be conducted to look at the relationships 

between the left hemisphere, temporal processing accuracy, and language deficits. 
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Overall, the results from the present study have clarified the possibility of the role of the 

left hemisphere, beta frequencies and theta frequencies in temporal processing mechanisms (see 

Figure 9). The left hemisphere is likely related to temporal processing due to its role in language. 

Beta and theta wave frequencies are likely related to temporal processing due to beta’s role in 

attention and theta’s role in alertness. Congruently, GABA and acetylcholine are related in turn 

to beta and theta frequencies as well as inhibition and temporal memory. These factors may be 

beneficial for fine temporal processing. These findings provide support for the TSE model 

(mainly due to the role of GABA in temporal processing) and internal clock model (due to the 

impact of acetylcholine on the comparator). However, it is hard to tell whether the Centralized or 

Distributive Theory is supported. Based off of the findings in this study, it would appear that the 

results are somewhat supportive of the Centralized theory due to the left hemispheric location of 

these findings. Further support of the Centralized Theory would require the use of several 

temporal tasks to ensure that the left hemispheric finding is not only due to this specific temporal 

task.  

ADHD and Temporal Accuracy 

 A positive correlation was found between temporal processing accuracy and scores on the 

Barkley ADHD Checklist for Adults. This is a surprising finding because individuals with 

ADHD are believed to have temporal processing deficiencies. The Time’s Subjective Expansion 

Model (TSE model) may provide an explanation for this particular finding. As mentioned 

previously, individuals with ADHD may experience an expansion of time because the thalamus 

is not as inhibitive as individuals who are in a control group. When more information enters the 

thalamus, more stimuli are processed by the internal clock, which leads to a “slowing” of time. 

This may allow an individual with some of the symptomatology of disinhibition, but not with the 



TEMPORAL SENSITIVTY AND RESTING BETA  28 
 

functional deficits of clinically diagnosed ADHD to have the ability to notice fine temporal 

discrepancies in visual stimuli. 

 Although the TSE model may provide an explanation for the positive correlation between 

temporal accuracy and scores on an ADHD scale, this result is not fully supported by the 

literature. It is important to note that the temporal processing task was created based off of two 

previous studies on temporal processing (Funnell, M.G., Corballis, P.M., & Gazzaniga, M.S., 

2003; Toplak, Dockstader, & Tannock, 2006). However, the literature is compiled of studies that 

use different temporal processing tasks. As previously mentioned, temporal processing can be 

measured at the millisecond, second, minute, hour, etc. Different temporal processing 

mechanisms may be used depending on the length of time being examined. This is due to the 

impact of cognitive processes for longer periods of time. 

Also, it is important to remember that the individuals used in the current study were not 

clinically diagnosed with ADHD and did not meet the cutoff score for clinical ADHD on the 

Barkley Checklist for ADHD in Adults. The literature on ADHD and resting EEG has provided 

evidence for lower beta and higher theta in individuals with ADHD compared to a control group. 

The relationship between scores on the Barkley ADHD Checklist and beta and theta wave 

frequency powers were not significant. These null correlations provide evidence that the sample 

used in this current study is a non-clinical population. This is an important aspect of the current 

study because temporal processing mechanisms may function differently in non-clinical 

populations. There may be an ideal level of attentional function that is below the cut-off for a 

clinical ADHD diagnosis that leads to improved levels of temporal processing in certain tasks.  

 Individuals with ADHD typically have temporal processing deficiencies which may be 

related to behavioral symptoms of ADHD. Different severities of ADHD could impact temporal 
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processes differently. The individuals in the current study with higher scores on the Barkley 

ADHD Checklist did not have clinical ADHD and performed better on the temporal processing 

task compared to those with lower scores on the Barkley ADHD Checklist. However, individuals 

with clinical ADHD may have different temporal processes and deficiencies, resulting in low 

scores on temporal processing tasks. Different severities of ADHD should be investigated in the 

future to determine if there is a difference in temporal processing deficiencies between high and 

low functioning individuals with ADHD and also for those that meet some but not all of the 

criteria for an ADHD diagnosis. 

Limitations 

 The current study investigated the relationship between beta wave frequencies and 

temporal processing accuracy in a non-clinical sample. Although significant correlations were 

found between left parietal beta and left temporal theta wave frequencies and temporal 

processing accuracy, there are limitations to this study. Limitations that may have impacted this 

study are: sample size, age range, the use of resting EEG, and the task used to measure temporal 

accuracy. 

 The present study was comprised of 16 adults who passed all the exclusion criteria. 

Although significant correlations were obtained, the sample size is small. If the sample size 

increased, there may be changes in the significant relationships found between beta and theta 

wave frequencies and temporal processing accuracy. An increase in the sample size may provide 

further discoveries between the beta and theta brain wave frequencies and temporal processing 

relationship, specifically in the temporal and parietal regions of the left hemisphere. 

 Age range may have an impact on the generalizability of the findings in this current 

study. Participant ages ranged from 18-23 (M=20.53, SD=1.38). The prefrontal cortex does not 
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fully develop till around 25 years old. This could have an impact on resting brain wave 

frequencies. Although research has not shown that there are distinct differences in resting brain 

wave frequencies and the temporal processing abilities in young adults compared to adults, this 

is something researchers should be wary about. Further research should be conducted to look at 

the differences between young adults and adults. 

 One of the most important limitations to be aware of is that resting EEG was used in the 

present study and event-related potentials (ERPs) were not used to look at beta and other brain 

wave frequencies. This is crucial because the data gathered only provides information about 

brain wave activity at rest and not when individuals are in the process of making temporal 

decisions. No causal statements can be made about the impact of brain wave frequencies on 

temporal processing and accuracy. However, the resting state of the brain does have implications 

for how the brain works and relationships between the resting brain state and behavioral actions. 

 The task used in the current study was created based upon two previous temporal studies 

(Funnell, Corballis, & Gazzaniga, 2003; Toplak, Dockstader, & Tannock, 2006). This task was 

specifically designed to investigate temporal processing accuracy in the millisecond range. 

However, the validity of this task has not been established. Also, the task used in the present 

study was chosen because it resembled tasks that have been previously in the literature; this task 

only reflects a small percentage of the vast variety of tasks used to estimate temporal processing 

accuracy (Funnel, Corballis, & Gazzaniga, 203; Toplak, Dockstader, & Tannock, 2006). It is 

important to note that the majority of research cited in the literature review focused on temporal 

processing in the millisecond range, but used differing methods to measure temporal processing 

(e.g. stimuli, millisecond range, and responses). Future research should test the validity of this 
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temporal task and the differences between the varying temporal tasks used in the literature. This 

may help to establish a common temporal task within the field of neuroscience. 

Conclusions 

 Based off of the findings from this study, there appears to be a left hemispheric advantage 

for temporal processing. Specifically, beta in the left hemispheric parietal region and theta in the 

left hemispheric temporal region are associated with temporal processing accuracy. These 

relationships are not unexpected considering the role of beta in attention and the parietal lobe in 

spatial processing, and the role of theta in memory and alertness and the temporal lobe in fine-

grain language processing. These results support the TSE model which states that the more alert 

a person is, time will warp to appear “slowed,” which would be beneficial for accuracy on a fine 

temporal task. Future research should examine a larger sample size in a replication study, 

determine the validity of the temporal task, and investigate the role of acetylcholine and GABA 

in temporal processing.  
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Table 1 

Individual Electrodes Used to Create Localized Regions 

 

Regional Cluster Name 

 

Electrodes 

  

Left Frontal Region F3 

F5 

F7 

FC3 

FC5 

FT7 

 

Right Frontal Region 

 

F4 

F6 

F8 

FC4 

FC6 

FT8 

 

Left Centro Parietal Region 

 

C3 

C5 

CP3 

CP5  

T7 

TP7 

 

Right Centro Parietal Region 

 

C4 

C6 

CP4 

CP6 

T8 

TP8 

 

Left Parietal Region 

 

P3 

P5 

P7 

P9 

PO3 

PO7 

 

Right Parietal Region 

 

P4 

P6 

P8 

P10 

PO4 

PO8 
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Table 2 

Performance on a Temporal Task and Mean Beta Power Groups 

  dprime Lhfrontbeta lhcentparibeta lhparietalbeta rhfrontbeta rhcentparibeta rhparietalbeta 

dprime Pearson 

Correlation 

1 .175 .187 .391 .180 .126 .284 

Sig. (2-tailed)  .518 .488 .134 .504 .641 .287 

N 16 16 16 16 16 16 16 

Lhfrontbeta Pearson 

Correlation 

.175 1 .877
**

 .724
**

 .925
**

 .755
**

 .780
**

 

Sig. (2-tailed) .518  .000 .000 .000 .000 .000 

N 16 23 23 23 23 23 23 

lhcentparibeta Pearson 

Correlation 

.187 .877
**

 1 .848
**

 .878
**

 .920
**

 .848
**

 

Sig. (2-tailed) .488 .000  .000 .000 .000 .000 

N 16 23 23 23 23 23 23 

lhparietalbeta Pearson 

Correlation 

.391 .724
**

 .848
**

 1 .712
**

 .846
**

 .903
**

 

Sig. (2-tailed) .134 .000 .000  .000 .000 .000 

N 16 23 23 23 23 23 23 

rhfrontbeta Pearson 

Correlation 

.180 .925
**

 .878
**

 .712
**

 1 .832
**

 .745
**

 

Sig. (2-tailed) .504 .000 .000 .000  .000 .000 

N 16 23 23 23 23 23 23 

rhcentparibeta Pearson 

Correlation 

.126 .755
**

 .920
**

 .846
**

 .832
**

 1 .823
**

 

Sig. (2-tailed) .641 .000 .000 .000 .000  .000 

N 16 23 23 23 23 23 23 

rhparietalbeta Pearson 

Correlation 

.284 .780
**

 .848
**

 .903
**

 .745
**

 .823
**

 1 

Sig. (2-tailed) .287 .000 .000 .000 .000 .000  

N 16 23 23 23 23 23 23 

Note. Right hemisphere is referred to as rh and left hemisphere is referred to as lh *p<0.05, **p<0.01  
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Table 3 

 

Performance on a Temporal Task and Mean Theta Power Groups 

  dprime lhfronttheta lhcentparitheta lhparietaltheta rhfrontheta rhcentparitheta rhparietaltheta 

dprime Pearson 

Correlation 

1 .274 .409 .354 .390 .305 .164 

Sig. (2-tailed)  .304 .116 .179 .136 .250 .543 

N 16 16 16 16 16 16 16 

lhfronttheta Pearson 

Correlation 

.274 1 .882
**

 .836
**

 .896
**

 .845
**

 .778
**

 

Sig. (2-tailed) .304  .000 .000 .000 .000 .000 

N 16 23 23 23 23 23 23 

lhcentparitheta Pearson 

Correlation 

.409 .882
**

 1 .972
**

 .874
**

 .945
**

 .894
**

 

Sig. (2-tailed) .116 .000  .000 .000 .000 .000 

N 16 23 23 23 23 23 23 

lhparietaltheta Pearson 

Correlation 

.354 .836
**

 .972
**

 1 .840
**

 .917
**

 .937
**

 

Sig. (2-tailed) .179 .000 .000  .000 .000 .000 

N 16 23 23 23 23 23 23 

rhfrontheta Pearson 

Correlation 

.390 .896
**

 .874
**

 .840
**

 1 .887
**

 .788
**

 

Sig. (2-tailed) .136 .000 .000 .000  .000 .000 

N 16 23 23 23 23 23 23 

rhcentparitheta Pearson 

Correlation 

.305 .845
**

 .945
**

 .917
**

 .887
**

 1 .901
**

 

Sig. (2-tailed) .250 .000 .000 .000 .000  .000 

N 16 23 23 23 23 23 23 

rhparietaltheta Pearson 

Correlation 

.164 .778
**

 .894
**

 .937
**

 .788
**

 .901
**

 1 

Sig. (2-tailed) .543 .000 .000 .000 .000 .000  

N 16 23 23 23 23 23 23 

Note. Right hemisphere is referred to as rh and left hemisphere is referred to as lh *p<0.05, **p<0.01 
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Table 4 

 

Performance on a Temporal Task and Mean Beta Power 

  dprime betaP3 betaP5 betaP7 betaP9 betaPO3 betaPO7 

dprime Pearson 

Correlation 

1 .509
*
 .292 .175 .329 .407 .468 

Sig. (2-tailed)  .044 .273 .517 .214 .117 .068 

N 16 16 16 16 16 16 16 

betaP3 Pearson 

Correlation 

.509
*
 1 .864

**
 .712

**
 .750

**
 .945

**
 .823

**
 

Sig. (2-tailed) .044  .000 .000 .000 .000 .000 

N 16 23 23 23 23 23 22 

betaP5 Pearson 

Correlation 

.292 .864
**

 1 .956
**

 .626
**

 .817
**

 .822
**

 

Sig. (2-tailed) .273 .000  .000 .001 .000 .000 

N 16 23 23 23 23 23 22 

betaP7 Pearson 

Correlation 

.175 .712
**

 .956
**

 1 .552
**

 .653
**

 .692
**

 

Sig. (2-tailed) .517 .000 .000  .006 .001 .000 

N 16 23 23 23 23 23 22 

betaP9 Pearson 

Correlation 

.329 .750
**

 .626
**

 .552
**

 1 .776
**

 .650
**

 

Sig. (2-tailed) .214 .000 .001 .006  .000 .001 

N 16 23 23 23 23 23 22 

betaPO3 Pearson 

Correlation 

.407 .945
**

 .817
**

 .653
**

 .776
**

 1 .878
**

 

Sig. (2-tailed) .117 .000 .000 .001 .000  .000 

N 16 23 23 23 23 23 22 

betaPO7 Pearson 

Correlation 

.468 .823
**

 .822
**

 .692
**

 .650
**

 .878
**

 1 

Sig. (2-tailed) .068 .000 .000 .000 .001 .000  

N 16 22 22 22 22 22 22 

Note. *p<0.05, **p<0.01  
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Table 5 

 

Performance on a Temporal Task and Mean Theta Power 

  dprime thetaC3 thetaC5 thetaCP3 thetaCP5 thetaT7 thetaTP7 

dprime Pearson 

Correlation 

1 .356 .397 .312 .358 .509
*
 .487 

Sig. (2-tailed)  .176 .128 .239 .173 .044 .056 

N 16 16 16 16 16 16 16 

thetaC3 Pearson 

Correlation 

.356 1 .959
**

 .979
**

 .927
**

 .849
**

 .894
**

 

Sig. (2-tailed) .176  .000 .000 .000 .000 .000 

N 16 23 23 23 23 23 23 

thetaC5 Pearson 

Correlation 

.397 .959
**

 1 .934
**

 .971
**

 .883
**

 .903
**

 

Sig. (2-tailed) .128 .000  .000 .000 .000 .000 

N 16 23 23 23 23 23 23 

thetaCP3 Pearson 

Correlation 

.312 .979
**

 .934
**

 1 .928
**

 .801
**

 .850
**

 

Sig. (2-tailed) .239 .000 .000  .000 .000 .000 

N 16 23 23 23 23 23 23 

thetaCP5 Pearson 

Correlation 

.358 .927
**

 .971
**

 .928
**

 1 .833
**

 .869
**

 

Sig. (2-tailed) .173 .000 .000 .000  .000 .000 

N 16 23 23 23 23 23 23 

thetaT7 Pearson 

Correlation 

.509
*
 .849

**
 .883

**
 .801

**
 .833

**
 1 .891

**
 

Sig. (2-tailed) .044 .000 .000 .000 .000  .000 

N 16 23 23 23 23 23 23 

thetaTP7 Pearson 

Correlation 

.487 .894
**

 .903
**

 .850
**

 .869
**

 .891
**

 1 

Sig. (2-tailed) .056 .000 .000 .000 .000 .000  

N 16 23 23 23 23 23 23 

Note. *p<0.05, **p<0.01  
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Table 6 

Performance on a Temporal Task and Scores on an ADHD Survey 

 Temporal 

Processing Accuracy 

Barkley ADHD 

Temporal 

Processing Accuracy 

Pearson Correlation 1 .332 

Sig. (2-tailed)  .059 

N 34 33 

Barkley ADHD 

Pearson Correlation .332 1 

Sig. (2-tailed) .059  

N 33 55 
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Table 7 

Performance on a Temporal Task and Scores on an ADHD Survey (16 participants) 

  

Temporal 

Processing 

Accuracy BarkleyADHD 

Temporal Processing 

Accuracy 

Pearson Correlation 1 .191 

Sig. (2-tailed)  .478 

N 16 16 

BarkleyADHD Pearson Correlation .191 1 

Sig. (2-tailed) .478  

N 16 16 
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Figure 1. The Internal Clock Model. This figure displays the components of the Internal Clock 

Model and the mechanisms used for temporal processing. From “Carving the Clock at its 

Component Joints: Neural Bases for Interval Timing” by E.B. Wencil, H.B. Coslett, G.K. 

Aguire, and A. Chatterjee, 2009, Journal of Neurophysiology, 104, p.160-168. Copyright (2010) 

by the American Physiological Society. Reprinted with permission. 
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Figure 2. Visual representation of the cluster regions. The left frontal region included the 

following individual electrodes: F3, F5, F7, FC3, FC5, and FT7. The right frontal region included 

the following individual electrodes: F4, F6, F8, FC4, FC6, and FT8. The left centroparietal region 

included the following individual electrodes: C3, C5, CP3, CP5, T7, and TP7. The right 

centroparietal region included the following individual electrodes: C4, C6, CP4, CP6, T8, and TP8. 

The left parietal region included the following individual electrodes: P3, P5, P7, P9, PO3, and PO7.  

The right parietal region included the following individual electrodes: P4, P6, P8, P10, PO4, and 

PO8. These cluster regions had mean powers for theta, alpha, beta, and gamma wave frequencies. 

  



TEMPORAL SENSITIVTY AND RESTING BETA  44 
 

 

Figure 3. The significant findings between theta, beta, and temporal accuracy. Theta brain wave 

frequencies in T7 and TP7 electrodes were positively correlated with temporal accuracy. Beta 

brain wave frequencies in P3 and PO7 electrodes were positively correlated with temporal 

accuracy.  
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Figure 4. The positive correlation between performance on the temporal task and beta power in 

P3. 
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Figure 5. The positive correlation between performance on the temporal task and beta power in 

PO7. 

  



TEMPORAL SENSITIVTY AND RESTING BETA  47 
 

 

Figure 6. The positive correlation between performance on the temporal task and theta power in 

T7. 

 

  

  



TEMPORAL SENSITIVTY AND RESTING BETA  48 
 

 

Figure 7. The positive correlation between performance on the temporal task and theta power in 

TP7. 
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Figure 8. The overall findings of the present study. All findings were found in the left 

hemisphere. Beta wave frequencies in the parietal region were positively correlated with 

temporal accuracy. Theta wave frequencies in the temporal region were positively correlated 

with temporal accuracy.   

Left 
Hemisphere 

Beta 
Parietal 
Region 

P3 
r(16)=0.494, 

p=0.037 
 

PO7 
r(16)=0.471, 

p=0.049 

Theta 
Temporal 

region 

T7 
r(16)=0.500, 

p=0.034 

TP7 
r(16)-0.545, 

p=0.019 
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Figure 9. The theoretical representation of the significant findings.  

  

• Language Deficits 

• Fine temporal processing 

 

Left 
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• Parietal region 

• GABA 
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• Temporal region 

• Acetylcholine 

• Alertness 
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Theta 
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Appendix A 

Health Survey 

Health Survey  

  

Participant Code:_____________________ 

 

The following set of questions is to screen for factors known to affect sensory information 

processing.  Please be as honest as possible.  Put a check next to all the following that apply to 

you. 

 

1. What is your date of birth? 

 

2. What is your sex?   

 

a. Male 

b. Female 

 

3. What is your ethnicity? 

 

A. American Indian or Alaska Native 

B. Asian 

C. Black or African American 

D. Native Hawaiian or Other Pacific Islander 

E. White 

F. Hispanic/Latino/Latina 

G. Other 

 

4. Have you ever hit your head and experienced a concussion?  Yes No      

If yes, please explain and include the date and number  

of concussions experienced.  

 

 

 

5. Since birth have you ever had any other medical problems?  Yes No      

If yes, please explain. 

 

6. Since birth have you ever been hospitalized?    Yes No       

If yes, please explain. 

 

7. Do you use tobacco (smoke and/or chew)?    Yes No       

If yes, please explain. 

 

8.   Have you had any hearing problems?     Yes No       

If yes, please explain. 
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9. Are you on any medications?      Yes No      

If yes, please list them all including birth control.  

 

10. Do you have now or have you ever had any of the following?  Check yes or no. 

 

Diabetes       Yes No 

      

Neurological disorder      Yes No   

    

 Brain disorder       Yes No           

 

 Vascular disorder      Yes No      

 

 Stroke        Yes No      

 

 Learning deficiency or disorder    Yes No      

 

 Reading deficiency or disorder    Yes No      

 

 Attention-deficit disorder     Yes No      

 

  Hyperactivity       Yes No      

 

 If you checked yes for any of the items in question 8, please describe your diagnosis 

briefly. 
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Appendix B 

Edinburgh Handedness Inventory (Oldfield, 1971) 
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Appendix C 

Barkley ADHD Behavior Checklist for Adults (Barkley & Murphy, 1998) 

File Number _________ 
Consider your behavior when you are not under the influence of alcohol or medication. Please check the 

one response for each item that best describes your behavior in the PAST SIX MONTHS. 

 Never 

or 

Rarely 

Sometim

es 
Often 

Very 

often 

1. I fail to give close attention to details or make careless 

mistakes in my work. 

    

2. I fidget with hands or feet or squirm in seat.     

3. I don’t listen when spoken to directly.     

4. I don’t follow through on instructions and fail to finish 

work. 

    

5. I talk excessively.     

6. I avoid, dislike, or am reluctant to engage in work that 

requires sustained mental effort. 

    

7. I have difficulty engaging in leisure activities or doing fun 

things quietly. 

    

8. I interrupt or intrude on others.     

9. I am forgetful in daily activities.     

10. I have difficulty sustaining my attention in tasks or fun 

activities. 

    

11. I lose things necessary for tasks or activities.     

12. I feel “on the go” or “driven by a motor.”     

13. I have difficulty organizing tasks and activities.    

 

14. I blurt out answers before questions have been completed.     

15. I have difficulty awaiting turn.      

16. I am easily distracted.     

17. I leave my seat in situations in which seating is expected.     

18. I feel restless.     
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Appendix D 

Informed Consent 

Title:  Behavioral Manifestations of Resting EEG Variability 

Project Description:  The purpose of this research is to examine patterns of brain activity in 

relation to performance on several different spatial and attentional tasks.  Brain activity will be 

assessed with EEG, a well-established measure used in medical studies for people with known or 

suspected neurological disorders such as seizures. However, the relationship between EEG and 

cognitive processing domains such as attention, language, problem solving and reading is not 

well explored.  EEG works by recording the electrical activity of a person’s brain. 

Methods and Procedure: You will first provide some basic demographic data and then complete 

three brief measures, one assessing your handedness, one assessing learning behaviors, and one 

assessing your current mood. Then, you will have an EEG reading taken and will complete 

cognitive tests.  Both procedures are painless and should cause no discomfort aside from a tight 

cap being placed on your head.  The EEG process involves a cap with electrodes being placed on 

your head and sitting quietly for about five minutes with eyes open.  Gel will be placed in holes 

in the cap and will get into your hair.  The gel is non-toxic and washes out easily with a shower.  

The EEG process should take about 45 minutes. After you have had your EEG taken, you will 

complete two cognitive tasks: a line perception task that will involve sitting in front of a 

computer screen and determining the mid-point of a line and that will take about 5 minutes, and a 

target detection task that will involve sitting in front of a computer screen and pushing a button 

when a target appears in your left or right visual periphery and will take about 20 minutes to 

complete.  After a break, you will be asked to complete two more computerized tasks.  The first 

will be a task that involves judging whether two circles that appear on the screen stay up for the 

same amount of time, or if they offset at different times and will take about 20 minutes.  The 

second task will involve generating and typing a word that relates to three other words presented 

briefly on the screen and will take about 10 minutes to complete. 

Requirements of participation: In order to participate in this study you must be at least 18 years 

of age at the time of the study and enrolled in PSYS 100 (Introductory Psychology) at Ball State 

University. 

Data Anonymity:  Your responses in this study will be anonymous.  That is, there is no way that 

you and your responses can be identified.  If you choose to participate in this study you will need 

to sign this consent document.  However, the consent documents are kept separate from the 

experimental data and hence your responses will be anonymous.  Your responses will be 

transferred into a computerized data set that will be stored on the primary investigator’s 

computer, which is password protected. In the data set, no identifying data will be collected or 

recorded. The data will be kept for three years and then destroyed. 

Participation is Voluntary: Your participation in this research project is voluntary and will not 

affect your relationship with your psychology professor or Ball State University. You can 

withdraw from the project at any time without negative consequences. Please feel free to ask 

questions of the researcher before signing the Informed Consent Form as well as at any time 

during the study.  
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Potential Risks: There are no anticipated risks to participating in the study other than discomfort 

associated with having a cap which is relatively tight placed on your head and from having your 

ears rubbed with a sponge.  If at any time you express discomfort with the EEG process or 

neuropsychological assessment, the examiner will discontinue testing immediately. 

You will be responsible for the costs of any care that is provided [note: Ball State students may 

have some or all of these services provided to them at no cost].  It is understood that in the 

unlikely event that treatment is necessary as a result of your participation in this research project 

that Ball State University, its agents and employees will assume whatever responsibility is 

required by law.” 

Questions:  Please call Dr. Simon-Dack, Principle investigator, at (765) 285-1693, with any 

questions. For questions about your rights as a research subject, please contact Director, Office 

of Research Integrity, Ball State University, Muncie, IN 47306, (765) 285-5070, irb@bsu.edu.   

Incentives provided to participants of this study include two hours of research credits for the 

Introductory Psychological Science course (PSYSC 100) in which the participant is enrolled. 

There will be no financial expenses to participants in the study.  

I have read and understand the above information and agree to participate in the research project 

entitled, Behavioral Manifestations of Resting EEG Variability. 

 

_______________________________________________         ________________________ 

Signature          Date   

 

Researcher Contact Information 

Stephanie Simon-Dack, Ph.D. 

Professor of Psychological Science 

Ball State University 

slsimondack@bsu.edu 

765-285-1308 

 


