
Article Not peer-reviewed version

Effects of Drumming-Based Cognitive

and Physical Training on Cognitive

Performance and Brain Activity in Older

Adults: A Randomized Controlled Trial

YeonGyo Nam and Bumsun Kwon *

Posted Date: 28 February 2025

doi: 10.20944/preprints202502.2324.v1

Keywords: cognition therapy; clinical training; Aged; Near-Infrared Spectroscopy

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/2603408
https://sciprofiles.com/profile/3073106


 

 

Article 

Effects of Drumming-Based Cognitive and  

Physical Training on Cognitive Performance and 

Brain Activity in Older Adults: A Randomized 

Controlled Trial 

Yeon Gyo Nam 1,2 and Bum Sun Kwon 3,* 

1 Department of Physical Therapy, Sun Moon University, Asan, Republic of Korea 
2 Digital Healthcare Institute, College of Health Sciences, Sun Moon University, Asan 31460, Republic of Korea 
3 Department of Rehabilitation Medicine, School of Medicine, Dongguk University, Seoul, Republic of Korea 

* Correspondence: bskwon@dumc.or.kr; Tel.: +82-10-9953-2992, Fax: +82-31-961-7488 

Abstract: Aging is associated with cognitive decline, significantly impacting quality of life. 

Drumming-based cognitive and physical training, a novel intervention, engages motor and cognitive 

circuits simultaneously, potentially improving executive functions and emotional regulation in older 

adults. A randomized controlled trial (RCT) was conducted with 40 participants aged 55 years and 

older, assigned to either an experimental group receiving drumming-based training or a control 

group undergoing conventional memory exercises. The intervention lasted four weeks, consisting of 

30-minute training sessions three times per week. Functional near-infrared spectroscopy (fNIRS) was 

employed to measure brain activity, while cognitive and emotional outcomes were assessed through 

standardized tests, including the Mini-Mental State Examination (MMSE) and the Geriatric 

Depression Scale (KGDS). Task performance metrics, such as accuracy and success rates, were also 

recorded. Experimental group exhibited significant improvements in cognitive performance, 

including a greater number of correct answers (p = 0.0004) and a higher task success rate (p = 0.0001) 

compared to the control group. fNIRS data revealed increased oxygenated hemoglobin levels in the 

left orbitofrontal cortex (OFC) (p = 0.028). This study provides compelling evidence that a drumming-

based cognitive and physical training program can lead to significant cognitive and emotional 

benefits in older adults.  

Keywords: cognition therapy; clinical training; aged; near-infrared spectroscopy 

 

1. Introduction 

The rising global aging population has led to increased cases of age-related cognitive decline 

and neurodegenerative diseases such as dementia and Alzheimer’s disease [1]. These conditions not 

only impair memory and executive functions but also reduce overall cognitive performance, 

significantly affecting the quality of life of older adults [2]. Given the limitations of pharmacological 

treatments, which often have variable efficacy and side effects, non-pharmacological interventions 

have gained traction as viable alternatives to support healthy cognitive aging [3]. Among these, 

physical and cognitive training programs have been shown to improve brain health and slow 

cognitive decline by promoting neuroplasticity [4]. 

Cognitive training has long been recognized for its ability to engage higher-order cognitive 

functions such as memory, problem-solving, and attention. Interventions that focus on these skills 

have been shown to improve cognitive task performance and induce structural and functional brain 

changes in older adults [5]. Additionally, it is still unknown whether a combination of exercise and 

cognitive training (CECT) is more effective than either intervention alone. The present systematic 
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review and meta-analysis were undertaken to evaluate the effect of CECT on working memory in the 

elderly [6]. In an fMRI study on dual-task performance, the training group showed increased 

dorsolateral prefrontal cortex activation, which was correlated with improved performance [7]. ‘ 

Recently, a realistic Drumming-Based Cognitive and Physical Training was developed 

specifically to enhance memory in older adults. This intervention which integrates cognitive 

exergaming with a virtual drumming component, led to greater brain activation, particularly 

reflected in increased oxyhemoglobin levels in the dorsolateral prefrontal cortex (DLPFC) and 

orbitofrontal cortex (OFC) than conventional cognitive training [8].  This form of intervention has 

the potential to improve brain function by activating the dorsolateral prefrontal cortex (DLPFC) and 

the orbitofrontal cortex (OFC), areas responsible for cognitive control, decision-making, and 

emotional regulation in healthy adults [8].  Rhythm-based activities like drumming engage both 

hemispheres of the brain and stimulate regions involved in motor control, attention, and executive 

function. Specifically, drumming has been shown to increase connectivity between the motor cortex 

and prefrontal cortex, enhancing functional integration between cognitive and motor processes [9–

11]. 

Building on the existing evidence, this study aims to examine the impact of drumming-based 

cognitive and physical training on cognitive performance, emotional well-being, and brain activity 

in older adults. Specifically, this research will focus on changes in Mini-Mental State Examination 

(MMSE) scores, task performance, and prefrontal cortex activity, using fNIRS to measure brain 

activation. It is hypothesized that Older Adults undergoing the drumming intervention of 4 weeks 

will show significant improvements in cognitive performance, emotional well-being, and brain 

activity compared to the control group. 

2. Materials and Methods 

This study employed a randomized controlled trial (RCT) to investigate the effects of a 

drumming-based cognitive and physical training program on older adults. A total of 40 participants, 

aged 55 years or older, were recruited. These individuals were randomly assigned to either an 

experimental group (n = 20) that received the drumming intervention or a control group (n = 20) that 

performed conventional memory training. 

The experimental group engaged in memory training using a realistic Drumming-based task 

within an isolated laboratory setting. Participants stood before a 42-inch LED monitor, where they 

observed and memorized digits presented on the screen for five seconds. Following this, they were 

directed to strike virtual drums in the correct sequence using an electronic drumstick held in both 

hands. This drumstick simulated the tactile sensations and vibrations of actual drumming, while the 

monitor provided synchronized visual and auditory feedback to enhance the immersive drumming 

experience. The participants of a control group underwent memory training using conventional 

paper-and-pencil methods in a dedicated laboratory setting, where digits were visually presented 

one at a time on a computer screen for five seconds, with the memory span length beginning with 

three digits and gradually increasing to nine, and after the numbers disappeared from the screen, 

participants were asked to write them in the correct sequential order on a response sheet [12]. 

The intervention consisted of 30-minute sessions, three times per week, for a total of 12 sessions 

over four weeks. Each session was structured to progressively increase in difficulty, beginning with 

simple rhythmic patterns and gradually incorporating more complex sequences that required higher 

levels of cognitive engagement and physical coordination. The training aimed to activate cognitive 

functions through rhythm-based tasks that engaged both the dominant and non-dominant hands. 

Participants were required to follow rhythmic drumming patterns while also responding to cognitive 

cues, thus simultaneously stimulating cognitive control, motor coordination, and emotional 

regulation. 

Data collection occurred at two time points, both before the intervention and after the 

intervention. Cognitive performance was assessed using a variety of task-based measures, including 

the number of correct answers, total training attempts, success rate, Time to Highest Level. Cognitive 
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and emotional functions were assessed using the Mini-Mental State Examination (MMSE) to evaluate 

global cognitive function, and the Geriatric Depression Scale (KGDS) to assess depressive symptoms. 

Both the experimental and control groups underwent fNIRS (NIRSIT Lite Adult; OBELAB Inc.) 

measurements during their first and final visits to assess the hemodynamic responses of cerebral 

blood volume during the intervention by detecting oxyhemoglobin levels in the brain. The final 

output of each optode was then reported as mean total oxygenated hemoglobin (HbO μm). A total 

of 15 channels were located on both sides of the dorsolateral prefrontal cortex (DLPFC) (channels 2, 

3, 12, 14), orbitofrontal cortex (OFC) (channels 1, 4, 7, 10, 13, 15), and frontopolar prefrontal cortex 

(FPPFL) (channels 5, 6, 8, 9,11) [13]. Positions of these channels were: channel 1, right lateral OFC; 

channels 4 and 7, right medial OFC; channels 2 and 3, right DLPFC; channel 15, left lateral OFC; 

channels 10 and 13, left medial OFC; channels 12 and 14, left DLPFC; channels 5, 6, 8, 9, and 11, 

frontopolar prefrontal cortex. Figure 2 shows positions of these channels. 

 

Figure 1. Memory training by virtual drum beating. 

 

Figure 2. Schematic positions of fNIRS channels. 
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Channels 1 through 15 corresponded to specific areas of the prefrontal cortex that are known to 

be involved in these higher-order cognitive processes. Statistical analysis was performed using paired 

t-tests to compare pre- and post-intervention results within each group, and independent t-tests to 

compare the post-intervention differences between the experimental and control groups. A 

significance level of p < 0.05 was used to determine statistical significance, and effect sizes were 

calculated to assess the magnitude of the intervention’s impact. 

All participants were required to have no severe cognitive impairments that could affect their 

ability to engage in the intervention. Ethical approval for the study was obtained from the 

university’s institutional review board, and written informed consent was collected from all 

participants before their involvement in the research. The research protocol was approved by the 

Institutional Review Board (IRB) of Dongguk University Ilsan Hospital (IRB No. DUIH-2023-04-018), 

and the study was registered at the Clinical Research Information Service (CRIS, KCT0008500. 

Informed consent was obtained from all participants, and all procedures were performed following 

the Declaration of Helsinki. 

3. Results 

A total of 40 participants were enrolled in the study, with 20 assigned to the experimental group 

and 20 to the control group. At baseline, no significant differences were observed between the groups 

in demographic characteristics, including age (p = 0.6156), weight (p = 0.1930), and gender 

distribution (p = 0.2357). The only notable difference was in height, with the control group being 

significantly taller on average (p = 0.0385). Baseline measures of cognitive performance and brain 

activity were also comparable between the groups, with no significant differences observed in MMSE 

scores, correct answers, total training attempts, or brain activity across the 15 prefrontal regions (p > 

0.05). 

Post-intervention, the experimental group exhibited significant improvements in cognitive 

performance. The number of correct answers increased by 10.35 points (p = 0.0004), and the success 

rate of task completions improved by 19.44% (p = 0.0001). Between-group comparisons confirmed the 

effectiveness of the drumming intervention, with the experimental group outperforming the control 

group in correct answers (p = 0.0248) and success rate (p = 0.0003). 

The fNIRS data revealed significant changes in brain activity in the experimental group, 

particularly in two key regions of the prefrontal cortex. Channel 1, located in the right dorsolateral 

prefrontal cortex (DLPFC), showed a near-significant increase in brain activity post-intervention (p = 

0.074). Channel 15, located in the left orbitofrontal cortex (OFC), exhibited a significant increase in 

brain activity (p = 0.028). These findings suggest that drumming-based cognitive and physical 

training effectively enhances cognitive function and prefrontal cortex activity in older adults. 

Table 1. Baseline characteristic of subjects in the experimental group and the control group. 

Measure 
Control Group 

(n=20) 

Experimental Group 

(n=20) 

p-value 

Sex, n (%)    

Male 6 (30%) 2 (10%) 0.235 

Female 14 (70%) 18 (90%) 

Age, years 

mean (SD) 
62.95 (5.76) 63.75 (4.09) 

0.6156 

Height, cm 

 mean (SD) 
164.45 (7.69) 159.80 (5.91) 

0.038# 

Weight, kg 

 mean (SD) 
61.25 (7.89) 58.25 (6.34) 

0.193# 

Pre MMSE 

mean (SD) 
27.25 (2.57) 27.00 (1.52) 

0.710## 
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1 MMSE—Mini-Mental State Examination, *: p-value obtained from chi-square test; #: p-value obtained from 

Student’s t-test; ##: p-value obtained from Wilcoxon rank sum test. 

Table 2. Difference of measures after cognitive memory training in each groups. 

 Control Group (n=20) Experimental Group (n=20) p-

valu

e 

betw

een 

grou

ps 

Measure 

Pre 

Mean 

(SD) 

Post, 

Mean 

(SD) 

Difference 

Mean, (SD) 

p-

val

ue 

Pre, 

Mean 

(SD) 

Post, 

Mean 

(SD) 

Difference, 

Mean, (SD) 

p-

val

ue 

Correct 

Answers 

33.60 

(4.35) 

36.95 

(9.29) 
3.35 (7.81) 

0.0

70 

34.45 

(10.11) 

44.80 

(5.99) 

10.35 

(10.88) 

0.0

00 

0.0

24 

Total 

Training 

Attempts 

49.40 

(7.47) 

53.35 

(9.00) 
3.95 (9.15) 

0.0

68 

52.70 

(6.76) 

52.95 

(5.73) 
0.25 (6.21) 

0.8

59 

0.1

42 

Success 

Rate 

68.52 

(6.00) 

68.31 

(12.35) 

-0.21 

(12.88) 

0.9

43 

65.16 

(17.38) 

84.59 

(6.17) 

19.44 

(17.84) 

0.0

00 

0.0

00 

Time to 

Highest 

Level 

511.00 

(187.37

) 

273.45 

(90.09) 

-237.55 

(237.29) 

0.0

00 

486.55 

(338.64

) 

123.60 

(94.17) 

-362.95 

(284.94) 

0.0

00 

0.1

38 

MMSE 
27.25 

(2.57) 

28.80 

(1.44) 
1.55 (1.64) 

0.0

00 

27.00 

(1.52) 

28.95 

(1.15) 
1.95 (1.28) 

0.0

00 

0.3

94 

GDS 
5.00 

(4.96) 

5.25 

(5.11) 
0.25 (1.62) 

0.4

98 

8.50 

(5.41) 

8.05 

(6.01) 
-0.45 (3.39) 

0.5

60 

0.4

10 

Table 3. Differences in HbO when undergoing intervention in both groups (μm). 

 
Intervention of first visits, 

Mean (SD) 

Intervention of final visits, 

Mean (SD) 

Brain 

Region 
Experimental Control p-value Experimental Control p-value 

Region 1 -0.10 (1.34) -0.30 (1.06) 0.606 0.52 (1.48) 1.22 (0.82) 0.074 

Region 2 0.34 (1.10) -0.20 (1.39) 0.180 0.58 (1.17) 0.80 (1.63) 0.627 

Region 3 -0.34 (1.89) -0.11 (0.65) 0.608 0.54 (1.56) 0.48 (0.99) 0.891 

Region 4 -0.25 (0.74) -0.39 (1.10) 0.636 0.68 (0.82) 0.71 (1.07) 0.930 

Region 5 0.48 (0.75) 0.03 (0.72) 0.060 0.01 (0.65) 0.25 (1.00) 0.364 

Region 6 0.09 (1.48) -0.08 (0.67) 0.635 0.32 (1.23) 0.50 (1.12) 0.627 

Region 7 -0.29 (1.06) -0.47 (0.73) 0.525 0.50 (0.89) 0.73 (1.23) 0.512 

Region 8 0.18 (1.92) -0.34 (0.77) 0.268 0.15 (2.33) 0.48 (1.32) 0.589 

Region 9 0.01 (1.25) -0.18 (0.87) 0.581 0.13 (1.37) -0.01 (1.00) 0.724 

Region 10 -0.44 (0.98) -0.49 (1.01) 0.886 0.66 (0.93) 0.72 (1.42) 0.857 

Region 11 -0.15 (0.79) -0.29 (1.07) 0.636 0.36 (0.85) 0.25 (0.96) 0.702 

Region 12 -0.22 (0.76) -0.55 (0.76) 0.171 0.23 (0.84) 0.45 (0.84) 0.427 

Region 13 -0.43 (0.68) -0.74 (0.57) 0.124 0.56 (0.54) 1.03 (1.06) 0.086 
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Region 14 0.39 (1.83) -0.10 (0.83) 0.279 -0.12 (2.14) 0.73 (1.19) 0.128 

Region 15 -0.14 (1.28) -0.51 (1.18) 0.343 0.51 (1.34) 1.61 (1.69) 0.028 

4. Discussion 

The findings of this study provide the evidence that a drumming-based cognitive and physical 

training intervention can lead to significant improvements in cognitive performance, emotional well-

being, and brain activity in older adults. Music-based and rhythm-based interventions have received 

growing attention due to their unique ability to engage multiple cognitive systems simultaneously A 

meta-analysis by Pietschnig et al. (2010) analyzed the cognitive effects of music exposure, showing 

that while Mozart music has been linked to improvements in spatial ability, its overall impact on 

broader cognitive functions such as attention, memory, and executive function remains inconclusive 

[14].  Additionally, rhythmic interventions have been found to enhance mood, reduce stress, and 

improve emotional regulation [15]. Our findings showed a significant increase in the number of 

correct task answers post-intervention (p = 0.0004) and Between-group comparisons (p = 0.0248), 

supporting the effectiveness of cognitive training in improving accuracy. This is consistent with 

Nouchi et al., where tasks like Digit Cancellation, Symbol Search, and Digit Symbol Coding assessed 

cognitive gains through correct responses, highlighting the role of structured training in enhancing 

cognitive function in older adults [16]. After applying a 4-week, 12-session drumming-based 

cognitive and physical training intervention, the significant increase in success rate (19.44%, p = 

0.0001) suggests improved task accuracy and learning efficiency. These findings are consistent with 

previous studies showing that physical activity and multimodal training contribute to cognitive 

resilience by enhancing executive function, attentional control, and neuroplasticity [17,18]. 

The final measurements obtained from each optode were expressed as the mean total 

oxygenated hemoglobin (HbO μm). A total of 15 channels were strategically positioned across both 

hemispheres, focusing on specific prefrontal regions: the dorsolateral prefrontal cortex (DLPFC) 

(channels 2, 3, 12, 14), the orbitofrontal cortex (OFC) of channels 1, 4, 7, 10, 13 and 15 and the 

frontopolar prefrontal cortex (FPPFL) of channels 5, 6, 8, 9 and 11 [13]. Regarding their exact 

placement, channel 1 was located on the right lateral OFC, while channels 4 and 7 were positioned in 

the right medial OFC. Channels 2 and 3 were mapped onto the right DLPFC, whereas channel 15 was 

assigned to the left lateral OFC. Furthermore, channels 10 and 13 corresponded to the left medial 

OFC, channels 12 and 14 were designated for the left DLPFC, and channels 5, 6, 8, 9, and 11 covered 

the frontopolar prefrontal cortex. This distribution ensured a comprehensive assessment of 

hemodynamic activity in these key cognitive regions [13]. In the results, the mean HbO μm channel 

15 located on the left OFC of Experimental group, was statistically significant when compared to the 

Control group (p = 0.0285). The orbitofrontal cortex (OFC) plays a crucial role in cognitive flexibility 

and behavioral adaptation, particularly in response to changes in reward contingencies. Previous 

research has demonstrated that OFC is heavily involved in reversal learning, where individuals must 

adjust their stimulus-reward associations following changes in contingencies. Lesion studies have 

shown that damage to the OFC results in significant impairments in reversal learning, whereas other 

forms of cognitive flexibility, such as extra-dimensional set-shifting, are more strongly associated 

with the ventrolateral prefrontal cortex (vlPFC) [19,20]. Functional neuroimaging studies confirm that 

OFC activation increases during reversal learning, particularly after negative feedback, underscoring 

its role in modifying decision-making strategies based on reward-related information [21]. 

Additionally, the OFC is implicated in emotional regulation, interacting with the amygdala to 

modulate affective responses and inhibit maladaptive emotional reactions [22,23]. 

In this study, after a 4-week, 12-session drumming-based cognitive and physical training 

intervention, the mean HbO concentration in channel 15, located in the left OFC of the experimental 

group, was significantly higher compared to the control group (p = 0.0285). This finding contrasts 

with our previous study, which examined healthy adults and found significant activation in the right 

dorsolateral prefrontal cortex (DLPFC, Channel 2) and right medial OFC (Channels 7 and 10) during 

a single drumming session [8]. Given that the OFC is primarily involved in affective and 
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reinforcement learning [24]. older adults in this study may have relied more on these processes 

during training. In contrast, younger adults in the previous study likely engaged executive control 

mechanisms mediated by the DLPFC, as suggested by prior research on age-related differences in 

cognitive control strategies [25,26]. 

This prolonged engagement may have facilitated neural adaptation in cognitive and affective 

processing networks, potentially contributing to increased OFC activation in older adults. While 

previous research suggests that extended cognitive training enhances prefrontal neuroplasticity [27]., 

further investigation is needed to determine the specific mechanisms underlying increased OFC 

involvement in older adults.  

Overall, these findings suggest that drumming-based cognitive-motor training influences 

distinct neural mechanisms depending on age and training duration. The increased OFC activation 

observed in this study aligns with its established role in adaptive decision-making and emotional 

regulation. Future research should further explore how age-related differences, intervention 

duration, and cognitive demands influence the recruitment of prefrontal regions during cognitive-

motor training. 

5. Conclusions 

In conclusion, this study demonstrates that a 4-week drumming-based cognitive and physical 

training program can lead to significant improvements in both cognitive performance and brain 

activity in older adults. The significant increases in correct answers, success rates, and MMSE scores 

observed in the experimental group, along with the reductions in depressive symptoms, suggest that 

drumming-based interventions offer a promising approach for enhancing cognitive and emotional 

health in aging populations. The observed changes in brain activity, particularly in regions of the 

prefrontal cortex associated with cognitive control and emotional regulation, provide further 

evidence of the potential neuroplastic effects of this intervention. As such, drumming-based cognitive 

training may serve as an effective non-pharmacological tool for preventing or mitigating age-related 

cognitive decline. 
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