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Spontaneous Production Rate (SPR)
▸Rate of tapping a melody with auditory feedback
▸Reflects biases toward a particular performance 
frequency (Palmer et al., 2019; Scheurich et al., 2018; Zamm et 
al., 2016)

Spontaneous Motor Tempo (SMT)
▸Rate of self-paced regular tapping without 
auditory feedback (McAuley et al., 2006)

EEG Power Spectrum
▸The square of the amplitude of neural oscillations 
at each frequency (Kaplan and Glass, 1995)
▸The spectrum captures neural 
power at stimulus frequencies in 
perception and performance
(Nozaradan, 2014)                        groups.csail.mit.edu/netmit/sFFT/

Power Spectral Density (PSD)
▸Amplitude of the neural response at the beat 
period of a stimulus event (Nozaradan et al., 2015)
▸EEG recordings reveal PSD peaks at musicians’ 
performance frequencies (Zamm et al., 2019)

How do individuals achieve temporal precision in 
rhythmic tapping and melody production?
▸We compare behavioural and neural responses in 
rhythmic tapping with and without musical sound
Hypotheses
▸Tapping rates may differ in the presence and the 
absence of sound
▸Auditory feedback is expected to facilitate error 
correction during rhythmic tapping (Repp, 2002)
▸EEG power spectra are predicted to show peak 
amplitude at each individuals’ tapping frequency
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Participants
6 adults, aged 19-27 (M = 22.8, SD = 3.1), ranged in 
musical training 0-14 years (M = 4.8, SD = 6.2)
▸Familiar with Twinkle, Twinkle, Little Star
▸Hearing thresholds < 30 dB HL for 250-1000 Hz
▸Edinburgh laterality quotient: M = 71.7 (47-100)
Spontaneous Motor Tempo (SMT) task
▸44 taps at a steady rate on a force-sensitive pad
▸Analyzed middle 32 taps

Spontaneous Production Rate (SPR) task
▸3.5 melody repetitions at a steady rate
▸Analyzed middle 84 taps (repetitions 2 and 3)
Within-Subjects Design
Independent variables
▸Task (SPR, SMT); trial (1, 2, and 3)
Dependent variables
▸Behaviour:
- Mean tapping inter-tap interval (ITI)
- Coefficient of variation (CV) = SD / mean ITI
▸EEG: power spectral density (PSD) at tapping rate
EEG: 64-channel BioSemi Active-Two system
512 Hz sampling rate; data referenced to the 
common average reference, artefact correction 
performed with independent component analysis, 
channels with poor signal quality interpolated
Force sensor and EEG signals were synchronized

Tapping rates differ with and without sound
▸Participants’ tapping rates were uncorrelated 
across SPR (auditory-motor) and SMT (motor) tasks
EEG power peaks at tapping frequency
▸Power spectral density: peak amplitude at the 
produced beat frequency in each task (with and 
without auditory feedback)
▸Peaks at simple ratio frequencies (2:1) in the 
presence of sound (SPR)

Person-specificity of EEG power
▸Chance estimate of PSD computed for each 
participant: mean of their neural power at the 
tapping rate of each other subject
▸PSD was greater at each participant’s production 
rate than at others’ rates in SPR and SMT tasks
Auditory feedback facilitates error correction
▸Lag-1 autocorrelations suggested more error 
correction in the presence of auditory feedback 
(SPR) than in the absence of sound (SMT)

Brain-behaviour correlations
▸PSD at performance frequency was negatively 
correlated with variability in SMT but not in SPR
▸Auditory feedback seems to affect error correction 
in SPR measures of variability

Future Directions
▸Topographic SMT maps suggest right-lateralized 
activity; potential explanations include:
- Wide range of participants’ laterality quotients
- PSD measures of area M1 power reflecting 

interhemispheric crosstalk (Bestmann et al., 2015; Paek 
et al., 2014; Seeber et al., 2016)

▸We might consider other data cleaning methods
▸Recurrence quantification analysis (RQA) will help 
capture hierarchical relations between frequencies
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