
 

 I 

Abstract 

 

Each individual has his/her own natural tempo/speed in walking, speaking 

and other activities. Such tempo preference may reflect individual 

cognitive speed, personality traits, and/or lifestyles, and thus determine the 

uniqueness of human behaviors. Moreover, natural tempo is linked with 

intrinsic/spontaneous brain tempo, which may provide endogenous 

constraints on sensory, motor, social, and other activities. Lastly, natural 

tempo is linked with general physical health and subjective well-being, 

whereas disturbance in intrinsic/spontaneous brain tempo generation and 

sustainment may lead to physical and mental disorders. In brief, natural 

tempo preference is linked with unique behavior, intrinsic brain, and also 

general health and well-being.  

 

In this program, we mainly have 4 broad aims of: 1) testing natural tempo 

preference across motor and sensorimotor dimensions with self-designed 

tasks, 2) understanding how human brain generates or represents natural 

tempo, 3) exploring environmental, social, and personal factors that may 

shed influence on individual tempo preference, followed by 4) developing 

apps/software & engineering products and behavioral/neural intervention 

via neuro-feedback to help to build and sustain a natural state. Our proposal 

is the first one to approach such questions, which has obvious theoretical 

and clinical significance. 

A self-designed spontaneous finger tapping task was performed among 23 
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electroencephalography (EEG) and 19 functional magnetic resonance 

imaging (fMRI) participants. They were instructed to tapped using their 

fastest/slowest/natural tempo with their eyes closed. At the one-minute 

mark, a beep signaled that they could tap freely for the following two 

minutes. An Arduino tapping device (1000Hz sampling rate) was 

developed to record the time-points of tapping. The natural condition is 

always performed after counterbalanced fastest and slowest conditions to 

avoid priming effects.  

 

Behaviorally, 1) After the beep, the natural free tapping did not drastically 

change its tempo, but the fastest and the slowest tapping merged into the 

natural or nearby tempo. 2) Participants have shown large tapping 

variations across individuals. 3) Such tempo preference is negatively 

correlated with anxiety, stress, self-monitoring, and behavioral inhibition 

levels. These findings firstly suggested the effectiveness of our paradigm 

in measuring natural tempo during spontaneous rhythmic movements, and 

further delineated the behavioral uniqueness of natural motor tempo 

preference with large variations across individuals, and the robustness of 

natural tempo preference with no modulation and smallest variance across 

forced and free tapping stage within each person, and lastly indicated the 

environmental and personal factors that may modulate such behaviors. 

 

EEG findings: 1) Natural tapping yielded significantly enhanced positive 

ERPs and no ERPs modulation across forced and free sessions, suggesting 
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the specialty of natural tapping with less efforts, conflicts, or cognitive 

control. 2) Naturally tapping tended to show enhanced parietal alpha and 

theta power, suggesting more relaxation or less attention could be involved. 

3) Natural tapping uniquely yielded negative correlation with ERPs both 

between and within-subjects, possibly reflecting individual differences in 

neuronal excitability, conflicts monitoring, cognitive control, and further 

indicating the possibilities of decoding behavioral and neural rhythms 

interactively. 4) Individual natural tempo preference is negatively 

correlated with phase-amplitude coupling (PAC) across theta-alpha 

frequency bands, indicating that more competition than synchronization 

between different brain regions could be existed among individuals with a 

higher natural tempo preference. 5) Source localization analysis showed 

that the source activity of default model network (DMN) and central 

executive network (CEN) is decreased, and the natural tempo preference 

is positively correlated with the source activity of the CEN, further 

suggesting that individuals with stronger cognitive control capabilities 

may have higher natural tempo preferences. 

 

fMRI findings: 1) The intrinsic amplitude of low-frequency fluctuations 

(ALFF) of the reward substrates (midbrain and striatum) and vmPFC were 

uniquely correlated with natural tempo, indicating the brain regions that 

possibly drive spontaneous movements. Specifically, as a critical area of 

the DMN, the intrinsic spontaneous activity from cortical vmPFC showed 

a negative correlation with natural tempo preference, indicating that 
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individuals with higher natural tempo may have more suppression of 

spontaneous activity in the DMN. Midbrain showed enhanced activation 

and positive correlation with natural tapping rate, possibly reflecting the 

carry-over effects from vmPFC in a cortical-striatal circuit, and further 

suggesting that the more activated of vmPFC, the higher the natural tempo 

preference could be. 2) The co-activation of the orbitofrontal 

cortex/ventral medial prefrontal cortex (OFC/vmPFC)-midbrain, 

dorsolateral prefrontal cortex (dlPFC)-striatum (striatum) network is 

uniquely related to natural tapping rate, further indicating the crucial role 

of cortical-striatal circuit in generating and modulating natural tempo 

preferences. Specifically, the functional connectivity of OFC-midbrain is 

negatively correlated with natural tapping rate, while the functional 

connectivity of putamen-DLPFC is positively correlated with natural 

tapping rate, which may reflect the co-existence of both top-down (OFC-

midbrain) and bottom-up (putamen-DLPFC) neural circuit. In particular, 

the top-down circuit is mainly related to the cognitive control or reflective 

processing via cortical regions, while the bottom-up circuit is mainly 

related to automatic or spontaneous processing via subcortical brain 

regions. 

 

Our study is the first one to measure natural tempo using well-designed 

laboratory experiments combined with neuroscience techniques and hand-

made engineering products during spontaneous rhythmic movements. Our 

results firstly delineated the behavioral uniqueness and robustness of 
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natural tempo preference, explored the potential factors (i.e. anxiety, stress, 

consciousness, self-monitoring etc.) on natural tempo preference, 

emphasized the crucial role of central executive network and cortical-

striatal circuit in generating and modulating natural tempo, and indicated 

the possibility of decoding behavioral/neural tempo interactively. Our 

results extend beyond the traditional “intrinsic model” and “preferred 

period hypothesis” by showing that natural or spontaneous motor tempo is 

generated by at least two internal oscillators involving central executive 

network that is mainly responsible for cognitive control, conflicts 

monitoring, and cortical-striatal circuit that is mainly responsible for 

intrinsic temporal processing. Moreover, we proposed a “Atypical Natural 

Tempo Risk Hypothesis” to indicated that our behavioral paradigm may 

provide a simple and objective diagnostic tool for various mental status, 

including earlier Parkinson’s Disease, Autism, and attention deficit 

hyperactivity disorder (ADHD). Our neural findings may provide seeds for 

behavioral/neural intervention via neurofeedback or noninvasive brain 

stimulation. Our study may lead to apps/software application and 

engineering products development to help to improve general physical and 

mental health among both normal people and patients, i.e., tuning natural 

tempo into daily activities to optimize performance or reduce 

stress/anxiety levels thus leading a natural life. 

Keywords: Natural tempo, Neural correlates, EEG, fMRI, Neurofeedback, 

Clinical application, Well-being



 

 6 

 


