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Abstract

Rhythm plays a fundamental role in various aspects of human life, including music,

dance, language, and memory. Despite its prevalence, previous studies have often treated

rhythmic abilities as a single concept, assessed by a single rhythm task. However, recent

behavioral research suggests that rhythmic abilities encompass distinct processes including

beat and sequence-memory processes (Fiveash et al., 2022). We seek to investigate to what

extent do commonly used rhythmic tasks reflect beat processes and sequence-memory

processes as revealed by Transcranial Direct Current Stimulation (tDCS). To assess the

results of previous studies with causal manipulation, tDCS is used as a method to generate

causal evidence by selectively modulating brain areas thought to be involved in distinct

rhythmic behaviours. The brain areas targeted were the supplementary motor area (SMA),

which is associated with beat-based timing (Grahn & Brett, 2007) and the right supramarginal

gyrus (rSMG), which is associated with rhythm memory (Schaal et al., 2017). The neural

excitability in the SMA and rSMG were selectively modulated using tDCS. If the SMA and

rSMG do draw on distinct rhythmic processes, we predict that performance on behavioural

tasks involving beat processes should improve with anodal stimulation to the SMA, but

should not be affected by stimulation to the rSMG. Performance on behavioural tasks

involving sequence-memory should improve with anodal stimulation to the rSMG, but should

not be affected for the SMA.



3

Acknowledgements

I want to express my gratitude to my thesis supervisor, Dr. Jessica Grahn, for her

support and guidance throughout this project. Her feedback and encouragement have been

instrumental in my progress as a researcher and I am fortunate to have her as my advisor.

I also want to thank Dr. Karli Nave, my project supervisor, for her constant assistance

and mentorship in and out of the lab. Thank you for teaching me, learning with me and

supporting me through this journey. I really could not have done it without you, thank you.

A really special thanks to Abigail Hunt, my fellow undergraduate thesis student and

friend, for working alongside me in this project. Having someone to talk to and work with

every step of the way was truly what made this project possible. Thank you for all the time

and hard work you have dedicated to this project.

Thank you to everyone in Dr. Jessica Grahn's lab for their feedback and support

throughout the year on my presentations, as well as to the BMI staff for their assistance and

for providing me with the tools and materials needed for this study.

Thank you to all my friends and family for their unwavering support throughout the

project. I am so grateful for your encouragement and presence in this journey.

Finally, I owe a heartfelt thank you to music for inspiring this thesis. In the moments

when this project felt overwhelming, I found solace in my connection to music. Thank you

for accompanying me in this project from inception to completion.



4

Statement of Contribution

My supervisor, Dr. Jessica Grahn oversaw the project and provided feedback

throughout. Dr. Karli Nave proposed the research topic, question and provided all

programming materials. Karli also created the demographics survey. I and Abigail Hunt

collected data together and analyzed data in collaboration. Abigail collected data for the SMA

group and I collected data for the rSMG group. All figures and writing were created myself,

incorporating feedback from Karli.



5

Introduction

Background

Time is everywhere and we are practiced timekeepers. We have a fascinating ability to

perceive, remember, respond to and reproduce patterns of time intervals in music. We tap our

feet along to the beat or keep count as we waltz with a partner. The beat is the most salient

part of sound and can be defined as the most prominent periodicity within a musical piece.

For example, where the listener is likely to want to clap their hands or move in time with the

rhythm. Rhythm however, is a bit more complex. It can be defined as the serially ordered

pattern of time intervals in a stimulus sequence (i.e., time spans marked by event on- sets)

(Fiveash et al., 2022). Although rhythm is ubiquitously defined as a single concept, research

suggests rhythm is multidimensional, involving two distinct processes; beat process and

sequence-memory process.

Although no causal evidence has been generated yet, multiple correlational studies

have found evidence for the distinction between these rhythmic processes. In one such study,

Tierney and Kraus (2015) investigated the multidimensionality of rhythmic skills and found

that beat tapping and rhythm memory were dissociable rhythmic aptitudes. They tested 67

healthy participants with a battery of two beat-based and two sequence-memory tasks.

Beat-based tasks involved drumming to a metronome and a tempo adaptation task.

Sequence-memory tasks involved drumming along to rhythmic sequences and reproducing a

rhythm. Authors found a correlation between performance on both beat-based tasks and

between both sequence-memory tasks, but not between beat tasks and sequence-memory

tasks, suggesting that they are separable processes of rhythm. Bonacina et al., (2019) also

investigated rhythmic skills using 4 tasks, reflecting different clusters of skills, namely

beat-based and sequence-memory based. In their study, 68 children were tasked with
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drumming to an isochronous beat, remembering rhythmic patterns, drumming to the beat in

music, and clapping in time with feedback. As from Tierney and Kraus (2015), they found

that drumming to an isochronous beat and remembering rhythmic patterns were not related,

suggesting separable rhythmic processes. They also found that clapping in time with

feedback was correlated with performance on the other 3 rhythm-memory tasks. Performance

on sequence memory-based and beat-based rhythm tasks are not routinely correlated

(Bonacina et al., 2019; Tierney & Klaus, 2015) suggesting separable rhythmic processes. The

overall findings of these studies suggest that future studies examining rhythm should utilize

multiple tasks to better assess distinct rhythmic abilities.

In subsequent research, Fiveash et al., (2022) furthered our understanding of these

distinct processes of rhythm by systematically investigating the correlations from previous

studies. They used nine different behavioural tasks in their study to capture separable

underlying rhythmic processes that exist above and beyond methodological differences.

Principal component analysis (PCA) was used to reduce the dimensionality of the dataset,

whilst preserving the unique variability. Rhythmic tasks loaded onto different factors

revealing three distinct processes: tapping precision and beat alignment, beat-based rhythm

perception and sequence memory-based rhythm perception. Their results generated evidence

to suggest that rhythm involves distinct processes but causal evidence is required to make

further conclusions.

As previous studies have found evidence to suggest that there are distinct processes of

rhythm, it is expected that distinct processes would draw on distinct neural pathways.

Investigating the neural underpinning of the beat process, Grahn and Brett (2007) conducted

an fMRI study and found that the beat process was strongly linked to motor areas in the brain.
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Results suggested the supplementary motor area (SMA) and basal ganglia were involved in

the beat process. Investigating the sequence-memory process, Schaal and colleagues (2017)

found that anodal stimulation of the right supramarginal gyrus (rSMG) using Transcranial

Direct Current Stimulation (tDCS) improved performance on sequence memory tasks. Thus

suggesting that the rSMG is involved in the sequence-memory process.

As the findings of previous studies are correlational in nature, casual manipulation

can be used to generate causal evidence to further support the conclusion that distinct beat

and sequence-memory processes draw on distinct neural pathways. TDCS can be used as a

method to demonstrate a causal relationship between specific brain areas and specific

rhythmic abilities. By selectively modulating the excitability of brain areas associated with

rhythmic tasks tDCS can generate causal evidence to support correlational results of previous

research.

Transcranial direct current stimulation (tDCS) for causal manipulation of brain areas

involved in beat and sequence-memory processes

TDCS is a non-invasive, painless and temporary method of brain stimulation which

emits a weak electrical current to selectively modulate the activity of brain regions (Thair et

al., 2017). The use of tDCS has gained popularity and has become a promising tool to study

cognitive and motor processes. It consists of two electrodes: one over the brain area of

interest and a reference electrode (e.g., on forehead). In anodal stimulation, excitatory current

is applied to the target brain area, increasing excitability of the underlying neurons. In

cathodal stimulation, inhibitory current is applied to the target brain area, inhibiting

excitability of the underlying neurons. It is assumed that excitation of brain areas will

enhance performance on behavioural tasks while inhibition will decrease performance.
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Active sessions of tDCS stimulation are compared to a sham condition where the participant

believes a current is active when it is not, thus serving as a control condition.

The use of tDCS as an effective method to investigate the multidimensionality of

rhythmic abilities has been demonstrated by previous studies. In a study by Leow et al.,

(2021), researchers examined how beat-based timing and non-beat-based sequence timing

were affected by modulating excitability of the supplementary motor area, the right

cerebellum, and the bilateral dorsal premotor cortices, using tDCS. Participants completed a

sham and active, anodal or cathodal 2mA tDCS session and discriminated changes in rhythms

which engaged beat-based or non-beat based timing. They found that performance improved

by increasing SMA excitability and was impaired by decreasing this excitability, thus

demonstrating involvement of the SMA in beat-based timing. The SMA has been associated

with beat-based timing in other studies as mentioned previously (Grahn & Brett, 2007).

Participants in their study were instructed not to move as they completed a rhythm

discrimination task where they determined from a sequence of three rhythms whether the last

one was the same or different. Even though they were not moving, a bilateral network of

motor areas was activated as participants perceived rhythms. For beat-based rhythms, the

basal ganglia and SMA were more strongly involved than non-beat based rhythms. The

activation was likely due to rhythm perception alone as there was a lack of activation in the

primary motor cortex, suggesting participants complied with instructions to not move.

Research using tDCS to investigate cortical regions involved in the sequence-memory

process comes from the previously introduced study by Schaal and colleagues (2017). This

study investigated the involvement of the left and right SMG in pitch and rhythm processing

using sham and active anodal tDCS sessions. Participants completed a pitch memory and a
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rhythm memory task while anodal tDCS was applied to either the lSMG or the rSMG. A

significant difference was found where anodal tDCS of the rSMG increased performance on

the sequence-memory task, but not for the sham session. Thus, suggesting that the rSMG is

involved in the sequence-memory process. By using tDCS to casually manipulate the

excitability of brain areas, Schaal et al., (2017) provided causal evidence to support the

distinction between pitch memory and rhythm memory. The current study will also use tDCS

in beat and sequence-memory processes to generate causal evidence in support of their

distinction.

Current Study

The aim of the current study is to provide causal evidence to support previous

findings that beat and sequence-memory processes are distinct rhythmic processes, drawing

on distinct neural pathways. Participants will be randomly assigned to either the SMA or

rSMG group and will complete two counterbalanced sessions (excitatory stimulation and

“sham” no stimulation). Casual manipulation will be conducted by applying tDCS

stimulation to two distinct brain regions shown to be involved in beat or sequence-memory

processes, as subjects complete behavioural tasks. Tasks consist of a beat production task,

measuring beat-based timing and a rhythm reproduction task, measuring sequence-memory.

The coefficient of variability and asynchrony from the beat production task will serve as our

dependent variables. The effects of tDCS stimulation on our dependent variables will be

analyzed using a 2x2 repeated measures ANOVA for brain area stimulated (SMA, rSMG) and

stimulation type (anodal vs sham). For the sequence-memory task the average production

error (PE) serves as our dependent variable. We will conduct a 2x2x3 repeated measures

ANOVA to examine differences between stimulation type (anodal vs sham), rhythm type (no

beat vs weak beat vs strong beat) and the between-subjects factor, brain area stimulated
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(rSMG vs SMA). We hypothesize that anodal stimulation of the SMA will improve

performance, decreasing asynchrony and the coefficient of variation for the beat production

task. This is because the SMA, not the rSMG, is thought to be involved in the beat process so

excitation of this brain area should enhance performance while no stimulation will have no

effect on performance. Likewise, we hypothesize that anodal stimulation to the rSMG will

enhance performance, decreasing PE for the sequence-memory task. This is hypothesized as

the rSMG is thought to be involved in the sequence-memory process so excitation of this

brain area should enhance performance while no stimulation will have no effect on

performance.

Methods

Participants

The current sample included 19 participants recruited from advertising posters, the

undergraduate psychology student participant pool of Western University (SONA), by

self-referral and by word of mouth. Interested participants were pre-assessed to ensure they

are healthy individuals between 18-45 years old and no history of hearing damage, use of

psychoactive drugs/medication, hearing aids, pacemakers or any metal implants in body,

susceptible to headaches or migraines, blackouts or seizures, is pregnant, or susceptibility to

skin irritation due to eczema. Participants were compensated with 2.0 credits via SONA or

$10 for each session ($20 total). The procedure of this study has been approved by Western

University’s Research Ethics Board (see Appendix A).

Procedure

Eligible participants arrived at the Western Interdisciplinary Research Building at

Western University for testing. Upon arrival, subjects were given a medical questionnaire to
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confirm eligibility in the study (see Appendix B) and a letter of information (see Appendix

C). Participants then had the opportunity to ask any questions prior to obtaining consent. All

subjects completed two 1-hr sessions with a minimum of 48 hrs between sessions to

minimize carryover effects. Two electrodes for tDCS will be placed on subjects’ scalp and

forehead prior to completing tasks. Participants will use an Omen laptop and Sennheiser 280

Pro headphones to complete both questionnaires and rhythmic tasks, with rhythmic tasks

administered through E-prime software (version 2.0).

TDCS Set-Up

The head is measured to ensure correct electrode placement according to the 10-20

electroencephalogram system. The head is measured from the nasion to the inion, then the

inter-auricular distance, with measurements intersecting at the vertex (Cz). Participants are

assigned to either the SMA or rSMG group with the appropriate tDCS set-up for the brain

area of interest. The SMA is measured 2 cm rostral from the vertex. The rSMG is measured 3

cm caudal to the vertex, then 4 cm laterally to the right (corresponds to CP4). Sponges for

electrodes are soaked in a saline solution to ensure they are damp before insertion in

electrodes. Electrodes are attached with wires to the tDCS machine (Activadose system). The

active electrode is then placed on the target brain area (SMA or rSMG) and the reference

electrode is placed on the forehead. Rubber straps and back fasteners are used to comfortably

hold the electrodes at the determined target and reference point. Additional saline can be

added to sponges using a plastic syringe to minimize discomfort associated with stimulation.

The tDCS machine is then turned on, according to tDCS safety guidelines and is set to a mild

current of 2.0 mA. Sham and anodal stimulation are counterbalanced according to the order

assigned. For the stimulation condition, the stimulation is applied for 20 minutes. For the

sham condition, after tDCS ramping up to 2.0 mA, the machine will immediately be turned

away from the participants’ sight and will be turned off for the full 20 minutes. The sham
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condition is intended to simulate the feeling of stimulation without any real

neurophysiological effects and acts as a placebo condition. During the stimulation period, the

participant will complete either a short demographics questionnaire (anodal condition)

(Appendix D) or the Goldsmith Musical Sophistication Index (Gold-MSI) (sham condition)

(Appendix E) on the laptop. Participants are only completing questionnaires during this

period. Rhythmic tasks will be completed after the 20 minute period of sham/stimulation.

After tasks are completed, participants are given a debriefing form (Appendix F) and

compensation.

Goldsmith Musical Sophistication Index

During sham, participants are asked to complete the Goldsmith Musical

Sophistication Index (Gold-MSI) to obtain information regarding musical and dance

experience. As research has shown differential effects of tDCS on musicians vs

non-musicians, it is important to obtain this information as musical sophistication could be a

potential moderating factor of tDCS (Schaal et al., 2015).

Rhythmic Tasks

After the sham or stimulation period, participants are asked to complete two rhythmic

tasks counterbalanced according to order assigned. Stimuli from the Beat Alignment Task

(BAT) was obtained from Iversen & Patel (2008). Stimuli for the rhythm reproduction task

was obtained from Grahn & Brett (2007). Completion of both tasks is about 20 minutes. See

Figure 1 for examples.

Beat Task. The beat task (BAT) is used to evaluate the consistency of tapping and

how close participants’ tap to the beat. Participants were instructed to “Tap along to the beat

of the music” using the ‘M’ key of the keyboard. After 13 trials, participants were asked to

rate the familiarity of musical excerpts on a 3-point Likert scale with 1 = never, 2 =

somewhat familiar and 3 = very familiar (Figure 1).
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Stimuli. Participants listened to 1 practice trial and 13 musical excerpts of various

genres (jazz, pop, rock). Stimuli were presented in a random order.

Sequence-Memory Task. A rhythm reproduction task was used to evaluate how

accurate participants were in reproducing rhythmic sequences from memory. Participants

listen to a rhythmic sequence three times, then are asked to reproduce the sequence by

tapping it back on the keyboard. As the SMA is thought to be related to performance on beat

tasks, rhythm type is included to further investigate the effect of stimulation to the rSMG

with strong, weak and no beats; where rhythms with no beats are expected to have lower

production errors.

Stimuli. Participants listened to 3 practice trials and 36 rhythmic sequences consisting

of three levels of beats: no beat, weak beat and strong beats. Stimuli were presented in a

random order for about 20 minutes total. The 36 rhythmic sequences range from five to seven

intervals. There were 10 sequences constructed of five intervals where four had a strong beat,

three had a weak beat and three had no beat (See Figure 2 for rhythm types). There were 14

sequences constructed of six intervals where five had a strong beat, 4 had a weak beat and

five had no beat. Lastly, there were 12 sequences constructed of seven intervals where three

had a strong beat, five had a weak beat and four had no beat.

In strong beats, the beat is simple to hear and remember. For example, a five interval

rhythmic sequence such as 3:1:4:1:3 is arranged to have a perceptual accent at the beginning.

In weak beats, the beat is more difficult to determine as the intervals were rearranged from

the strong beat condition to be irregularly grouped. This results in irregular perceptual accents

on the rhythm, which makes it more difficult for the participant. For example, a strong beat

interval 3:1:4:1:3 would be weakened to 4:1:3:3:1. The no beat condition used the same

arrangements from the weak beat condition, but used noninteger ration interval lengths. For

example, the weak beat interval 4:1:3:3:1 would have no beat as follows: 4.5:1:1:3.5:3.5.
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Figure 1

Example of Rhythmic Tasks

A) Beat Task

B) Sequence-Memory Task

Note. A) Beat Task. Participants are asked to tap along to the beat of the music on their

keyboard. B) Sequence-memory task. Participants listen to a rhythmic sequence three times
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consisting of three rhythm types and then are asked to reproduce the rhythmic sequence using

their keyboard.

Data Analysis

Tapping data is converted to a Coefficient of Variation (CoV) and asynchrony for the

beat task. CoV measures how regular the taps are, with low CoV reflecting low variation and

consistent tapping. Asynchrony is the average milliseconds taps are off beat, with higher

asynchrony indicating the participant is tapping far from the beat (positive = tapping before,

negative = anticipating). For rhythm reproduction, tapping data is converted to a measure of

Average Production Error (PE) for each rhythm type (metric simple, metric complex,

non-metric). PE is calculated using the absolute mean difference between reproduced

intervals (eg. 220 ms) and the original (eg. 250 ms), divided by each interval ({220 - 250} /

250) in one rhythmic sequence (eg 12312). [KN1]All tapping data were analyzed using

MATLAB.

Statistical Analysis

For the beat task, a 2x2 repeated measures ANOVA was conducted for each

dependent variable, CoV and asynchrony, to analyze differences between stimulation type

(anodal/sham) and brain area (SMA/rSMG). For the rhythm reproduction task, a 2x2x3

mixed-measures ANOVA was conducted for PE to analyze differences in task performance

based on brain area stimulated (SMA/rSMG), stimulation type (anodal/sham) and rhythm

type (metric simple/metric complex/non-metric). Brain region is a between-subjects factor, as

participants were assigned to either SMA or rSMG. Post-hoc tests were used to examine any

significant main effects and interactions at the p < .05 significance threshold, with a

Tukey-Kramer correction for multiple comparisons. All statistical analyses were performed

using JASP 0.18.3.0, 2024.
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Results

Demographics

The final sample included data from 19 participants in total. The SMA group included data

from 13 subjects. There were 4 males and 9 females with a mean age of 19.2(1.7) years old.

The rSMG group included data from 6 subjects. There were 2 males and 4 females with a

mean age of 20(0.9) years old.

Beat Process

Coefficient of Variation. The repeated measures ANOVA analysis for CoV revealed no

significant main effects of stimulation type (F(1, 17) = 0.24, p > .05, n2 = .003), or brain area

(F(1, 17) = 1.22, p > .05, n2 = .054). There was also no interaction found between stimulation

type and brain area (F(1, 17) = 0.24, p > .05, n2 = .003).

Asynchrony. The repeated measures ANOVA analysis for asynchrony revealed no significant

main effects of stimulation type (F(1, 17) = 1.57, p > .05, n2 = .009), or brain area (F(1, 17) =

0.24, p > .05, n2 = 6.288 × 10-4). There was also no interaction found between stimulation

type and brain area (F(1, 17) = 0.01, p > .05, n2 = 2.813 × 10-5)

Sequence-Memory Process

Average Production Error. The repeated measures ANOVA analysis for average PE revealed

a significant main effect of rhythm type in the SMA group (F(2, 24) = 9.19, p < .001) and in

the rSMG group (F(2, 10) = 11.06, p < .05). Specifically, there was a significant effect

between the strong beat and no beat condition (F(1, 12) = 13.72, p < .05) where performance

was better with a strong beat. There was no significant effect for stimulation type (F(1, 34) =

0.26, p > .05) or brain area (F(1, 34) = 0.26, p > .05). There were also no interactions between

stimulation type and brain area (F(1, 17) = 0.029, p > .05).
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Figure 2

Results of Beat and Sequence-Memory Process

A. Asynchrony

B. Coefficient of Variability (CoV)

Note. Results of beat process statistical analyses. A) No significant effect of stimulation type

on asynchrony or B) CoV, for both SMA and rSMG.
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Figure 3

Results of Sequence-Memory Process (average PE)

A. rSMG

B. SMA

Note. Results of sequence-memory process statistical analyses. A) Significant effect (p < .05)

of rhythm type for SMA (p < .05) and rSMG (p < .001). Significant difference between

strong and no beat for both brain areas (p < .05).
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Discussion

The current study sought to generate causal evidence to support findings from

previous studies which suggest that rhythm consists of distinct processes, drawing on distinct

neural pathways. We hypothesized that performance on a beat task would improve with

anodal stimulation to the SMA, as previous studies have found that they are correlated

(Grahn & Brett, 2007). Additionally, we hypothesized that performance on a

sequence-memory task would improve with anodal stimulation to the rSMG, as previous

studies have found a correlation between the two (Schaal et al., 2017).

Effects of tDCS on the beat process

As we did not find a significant main effect of stimulation on performance

(asynchrony and CoV) on a beat task, we cannot draw causal conclusions distinguishing beat

processing from sequence-memory processing in rhythm. Our results are different from

previous studies, such as Grahn and Brett (2007), who suggest that the SMA involves timing,

attention to timing, duration perception, as well as generating and detecting an internal beat.

The discrepancy in our results may be due to a low sample size (N = 19) as our a priori power

analysis estimated a minimum sample size of 34 participants to detect an effect. While the

SMA is correlated with beat processing, its causal role remains uncertain. Additionally, the

SMA only constitutes a portion of beat processing (Leow et al., 2021). As previously

mentioned, Grahn and Brett (2007) found that the basal ganglia was another brain area

involved in this loop, in timing functions and the anticipation of future movements. However,

tDCS cannot target the basal ganglia and deeper brain regions, which is why the current study

targeted the SMA despite its singular focus within a broader network.

Effects of tDCS on the sequence-memory process

We did find a significant effect of rhythm type (p < .001) where participants

performed better on a rhythm reproduction task with a stronger beat, in both the SMA and
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rSMG group. However, these results can be attributed to the fact that strong beats are simply

just much easier to perceive and produce than weak or no beats. We did not find a significant

effect of stimulation or brain region. Our results suggest that anodal stimulation to the rSMG

did not improve performance on a sequence-memory task as we predicted. This finding is

inconsistent with previous literature, such as Schaal and colleagues (2017), who found

evidence using tDCS that the rSMG is involved in sequence-memory processing. As

mentioned previously, the inconsistencies of our findings may be due to a low sample size.

As the rSMG group only included 6 participants it was significantly underpowered. Taken

together, we did not confirm our predictions and cannot make causal conclusions based on

our findings.

Limitations and Future Directions

TDCS was used as a method to selectively manipulate the excitability of brain areas

thought to be involved in distinct processes of rhythm. However, tDCS cannot target deep

brain regions also thought to be involved in the beat process such as the basal ganglia,

limiting the scope of our research (Grahn & Brett, 2007). Future studies may consider using

transcranial magnetic stimulation (TMS) although it is more expensive, because it is shown to

have higher precision to target deep brain regions (Elder & Taylor, 2014).

As the current study only used anodal stimulation (excitatory), future studies should

include cathodal stimulation (inhibitory) to better examine the effects of selectively exciting

and inhibiting brain areas thought to be involved in dimensions of rhythmic processing.

Many research studies only use a single rhythm test to evaluate participants' overall

rhythmic abilities. While this approach may effectively capture the rhythmic aptitude of

individuals proficient across multiple rhythmic tasks, it may overlook the performance for

those with specific difficulties in certain rhythmic competencies or who rely on alternative

skills to perform the task (Tierney & Kraus, 2015). For instance, several studies assess
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rhythmic skills solely through tasks like discriminating between different rhythms. However,

these tasks may not adequately capture other aspects of rhythm processes, such as beat

production and rhythm reproduction (Tierney & Kraus, 2015).

Future research in distinguishing separable rhythmic processes should involve

administering a broader range of rhythm tests on a more diverse sample of participants to

further current findings in the multidimensionality of rhythmic processes. Additionally,

exploring rhythmic abilities among individuals with conditions such as dyslexia or autism

spectrum disorder may provide valuable insights into developing tailored interventions for

those struggling with rhythm and related skills (Fiveash et al., 2022). These investigations

would contribute to a deeper understanding of rhythmic processes which exist above and

beyond methodological differences.
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Appendix A

Ethics Approval Letter
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Appendix B

Medical Screening Questionnaire
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Appendix C

Letter of Information
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Appendix D

Demographics Survey

1. What is your sex?

2. What is your age (in years)?

3. Handedness: Left, right, ambidextrous?

4. Do you have a hearing impairment? - No/Yes

5. Have you ever been diagnosed with a neurological or psychological disorder? No/Yes,

Please Describe.

6. Are you currently taking any drugs or medications? - No/Yes, Please Describe.

7. First language learned as a child:

8. Other languages learned as a child (please include the age at which you learned each

one). Enter NA if none.

9. Do you sing or play an instrument? No/Yes

10.What types of music have you practices (e.g., Classical, Jazz, Folk, etc.)?

11. What instrument(s) did you play, and for how many years (enter "voice" for singing)?

Enter number of years for each listed instrument separately (e.g., cello=4 years, piano

= 9 years).

12. Have you ever danced formally (e.g., hip-hop, ballroom, tap, etc.)?

13.What types of dance have you practiced, and for how many years? Enter number of

years for each type of dance listed separately (e.g., tap=2 years, ballroom=5 years).

14. Can you read music?
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Appendix E

Goldsmith Musical Sophistication Index
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Appendix F

Debriefing Form
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