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Abstract: This study aimed to examine whether different rhythm idioms significantly affect the repro-
duction accuracy of older adults and whether the participants” age and personal current engagement
in music affect their ability to reproduce rhythm. A total of 79 older adults participated in the study.
Participants were required to reproduce six different rhythm idioms, and their accuracy in rhythm
reproduction was measured using the R index. The data were analyzed considering the participants’
age sub-group and current engagement in music. The findings showed differences in reproduction
accuracy across various rhythm idioms, particularly in relation to steady recurring notes and dotted
notes with different intervals. The highest reproduction accuracy was found for the isochronous beat
pattern, while the rhythm idiom starting with longer intervals yielded the lowest accuracy. Age and
current personal engagement in music did not significantly affect thythm performance. However,
the study identified a significant correlation between decreased accuracy in reproducing a steady
rhythm and diminished general cognitive ability. This study indicates that rhythm performance can
be indicative of cognitive abilities related to temporal information processing. The findings support
the potential use of rhythm tasks to evaluate cognitive performance in older adults with varying
cognitive levels.
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1. Introduction

There has been a growing emphasis on promoting healthy aging within modern
society. A prominent area of research in music therapy is the use of music to maintain and
potentially enhance cognitive function in older adults [1,2]. Particularly, music interventions
that involve active engagement, such as playing musical instruments, incorporate a range
of multi-dimensional skills, including working memory, executive control of attention,
motor functions, and sensory-motor synchronization [3,4]. By engaging these integrative
skills, music interventions can effectively optimize the residual abilities of older adults
during the critical period of rehabilitative treatment [5,6].

Among the tasks related to instrument playing, rhythm playing stands out as it actively
involves both cognitive and motor functions. Previous research has shown that rhythm
performance, such as rhythm production or reproduction, relies on the ability to retain and
process temporal sequences based on internal timing structures, which require attention
and memory [7,8]. The cognitive demands of rhythm-playing tasks vary depending on
the complexity of the rhythm patterns, the combination of patterns, and the variability in
intervals between beats, ranging from simple to complex [9,10].

As aging progresses, temporal processing abilities tend to decline, and this decrease is
also observed in rhythm reproduction ability. The internal timing of older adults becomes
slower than that of younger adults when engaging in spontaneous hand tapping without
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external cues [11,12]. Their speed of movement also decreases when attempting to tap as
rapidly as possible [13]. Changes in temporal information processing may also impact the
maintenance of internal beats [14]. Furthermore, greater task complexity, such as recreating
rhythm patterns with unequal beats and requiring higher-level executive functioning, is
associated with increased variability in rhythm reproduction performance [15]. Considering
the well-documented association between decreased temporal processing and aging [8],
rhythm reproduction holds promise as an alternative means of assessment [7,16].

Previous research has indicated that the level of rhythm performance can reflect vary-
ing degrees of decline or preserved temporal processing and perceptual-motor abilities
in older adults [17]. This effort focuses on the construction and combination of rhythm
patterns using different intervals between beats, including shorter versus longer intervals,
and small integer ratios versus larger or non-integer ratios [4,18]. The findings indicate
the involvement of distinct cognitive mechanisms, engaging different levels of attentional
resources, explicit efforts, and memory in processing rhythm patterns with varying inter-
vals [19,20]. The evidence suggests that rhythm patterns with shorter durations or simpler
ratios (e.g., 1:2 or 1:3 ratios) involve fewer cognitive demands, allowing older adults to more
easily utilize their preserved temporal abilities without heavily relying on higher-order
cognitive functions. In contrast, thythm patterns with longer durations and more complex
ratios require increased attentional resources, thereby highlighting age-related declines.

Given the potential benefits of a systematic approach to constructing rhythm patterns
for assessing older adults, this study selected basic rhythm idioms aimed at introducing
varying levels of difficulty while maintaining the same rhythmic structure but systemat-
ically altering the arrangement or sequence of the idioms. By using rhythm idioms and
maintaining the musicality of the constructed rhythm patterns while avoiding random
arrangements of ratios, we aimed to improve their applicability and relevance for real
intervention settings. Moreover, our investigation aimed to explore the impact of individual
factors on rhythm performance through a comparative analysis involving two distinct age
sub-groups: the young-old and older-old groups. By employing this specific categorization
of age groups, we aimed to address potential confounding effects resulting from treating
a wide age range as a homogeneous population. This approach enabled us to determine
whether a specific stage of aging might lead to distinct effects on temporal processing
within the older population. Additionally, we compared participants with current music
engagement to those without such experiences. Including music engagement as a factor
helped control potential biases related to differences in musical literacy and familiarity
with the assigned rhythm task.

Therefore, the purpose of this study was to examine whether there are differences
in rhythm reproduction accuracy among older adults. This study further investigated
whether age subgroups and current music engagement influenced their rhythm reproduc-
tion abilities. The research questions addressed in this study were as follows:

1. Does the type of rhythm idioms significantly affect the reproduction accuracy of older
adults?

2. Are the participants’ age or current involvement in musical activities associated with
their rhythm reproduction accuracy?

3. Can rhythm performance accuracy, along with age, explain the general cognitive level
as indicated by MMSE-K?

2. Materials and Methods
2.1. Participants

This study’s procedures and ethical issues were approved by the Institutional Review
Board (IRB) of Ewha Womans University (IRB No. 162-16). Participants were recruited
from elderly care facilities. The following inclusion criteria were applied: individuals
aged between 60 and 90 years, with no hearing difficulties or history of neurological
impairment. Moreover, participants were required to achieve a minimum score of 24
on the Korean version of the Mini-Mental State Examination (MMSE-K) [21], indicating
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the absence of cognitive impairment. Written informed consent forms were obtained
from each individual prior to their participation in the study. The experimental sessions
took place individually in a quiet and private setting within the facilities. Out of the
85 older adults who initially responded to the flyers posted, 79 met the inclusion criteria
and were included in the study. For the sub-analysis of participants based on age and
current music engagement, demographic information, including gender, age, and current
music engagement, was collected upon their agreement to participate in the study. To
evaluate current music engagement, participants were asked whether they were involved
in activities focused on specific musical experiences, such as choir participation, singing
classes, musical instrument lessons, or other forms of active music involvement, either
individually or through community programs for older adults. The types of activities
were not specified, as many included a combination of various musical behaviors, such as
singing combined with listening to music and playing instruments while singing. Detailed
demographic information of the participants is presented in Table 1.

Table 1. Participants” demographic information.

Age Sub-Group Current Music Engagement
Variable To(t;’l _G;g;l P Ages 60 to 74 Ages 75 to 90 Yes No
- (n=44) (n=35) (n=29) (n = 50)
Gender, Female, 1 (%) 59 (74.7%) 36 (81.8%) 23 (63.9%) 25 (86.2%) 34 (68.0%)
Age in years, M (SD) 73.8 (6.4) 69.1 (3.9) 79.8 (3.0) 70.8 (6.9) 75.6 (5.4)
MMSE-K, M (SD) 27.2 (1.8) 27.7 (1.7) 26.7 (1.7) 27.6 (1.8) 27.0 (1.7)

Note: F: female; M: male; MMSE-K: Korean version of Mini-Mental State Examination.

2.2. Rhythm Idioms for the Rhythm Reproduction Task

In this study, the rhythm reproduction task involved the use of different types of
rhythm idioms, each lasting for the duration of four beats. Previous studies indicate
that the complexity of rhythm reproduction tasks is determined by interval length and
ratio [19,20]. To investigate temporal processing in older adults with varying levels of musi-
cal experiences, this study considered stimuli constructed using variations in simple ratios
(1:2 or 1:3) within regular beat patterns were considered for stimuli construction. The use of
these idioms for older adults, including those with potential cognitive impairments, were
validated by a prior study [9]. These idioms included isochronous beats (pulsation), subdi-
vided notes, as well as combinations of longer and shorter notes (e.g., dotted or extended
notes and eighth note with the ratio of 3:1 or 1:3). Each rhythm idiom was constructed to
repeat a two-beats of a smaller rhythm unit. The basic beat interval used for all rhythm
idioms was set at 1000 milliseconds as demonstrated in Rhy 1 in Table 2. Specifically, the
basic beat in Rhy1 consisted of interstimulus intervals (ISI) of 1000 milliseconds, while
subdivided notes consisted of ISIs of 500 milliseconds. The details of the six rhythm idioms
are displayed in Table 2.

Table 2. Rhythm idioms used for the rhythm reproduction task.

Rhythm Idiom Inter-Onset- Ratio of Each Beat Components of Musical Notation
Intervals (ms) Interval
Rhy1l z J J l J J [l 1000, 1000 1:1 Basic steady notes (pulsating beats)

Rhy2 Z .\ ﬁ J\ J\ ‘ .\ J\ ﬁ J\ ‘l 500, 500, 500, 500 1:1:1:1 Subdivided notes (eighth notes)
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Table 2. Cont.

Rhythm Idiom Inter-Onset- Ratio of Each Beat Components of Musical Notation
Intervals (ms) Interval
‘ N . Subdivided notes followed by longer note
rRhys 2 DD IDD) | 500,500, 1000 1:1:2 (basic interval)
Rhy4 2 J J\ j\ ‘ J JN 'h || 1000, 500, 500 2:1:1 Basic note followed by subdivided notes
\ ) Subdivided shorter note (eighth note)

Rhy5 % o J 1 } J || 500, 1500 13 followed by longer duration (extended beat)
. Dotted quarter note (extended beat) followed

rhys 7). M) 1500, 500 31

by a single short note (eighth note)

2.3. Measurement Tool: Beat Processing Device

To collect and record participants” rhythm tapping data, an investigator-developed
iPad application called the Beat Processing Device (BPD) was used (Figure 1). The BPD
is a mobile application designed specifically for measuring and quantifying the accuracy
of rhythm reproduction. It serves two primary functions: providing rhythm tasks in a
consistent and objective manner and accurately measuring and calculating data relevant
to rhythm reproduction, including tapping onset and duration. Previous research [9] has
validated the applicability of this device for use with older adults.

Figure 1. Illustration of using BPD for rhythm reproduction tasks.

The BPD randomly presented the six rhythm idioms for each participant. Following a
practice trial, participants were instructed to tap on the iPad screen using their dominant
hand. To assess participants’ thythm reproduction ability (indicated by R), the accuracy of
performance was analyzed using the following formula [22].

The formula for measuring the accuracy of rhythm reproduction task performance
is as follows. The value of R represents the ratio of the intervals in the rhythm idioms
reproduced by the participant. In the formula, ‘i’ represents the index of the interval
between two consecutive events. ‘I; denotes the temporal duration of the i-th interval
in the standard rhythmic pattern, ‘I;;” represents the corresponding performed temporal
interval, and ‘T” signifies the total duration of each rhythm idiom. A lower value of R
indicates a higher level of accuracy in reproducing the rhythm.
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2.4. Data Analysis

To examine the rhythm performance across different rhythm idioms and subgroups,
specifically, age subgroups consisting of the young-old group (participants aged 60-74)
and the older-old group (participants aged 75-90), as well as current involvement in
musical activity (music involvement versus non-involvement), two sets of mixed models of
repeated measures analysis of variance (ANOVA) were conducted. For the first analysis, age
subgroups were used as the between-subject factor, and the R index of rhythm reproduction
accuracy as the within-subject factor. In the second analysis, current involvement in musical
activity was the between-subject factor, with the rhythm idiom remaining as the within-
subject factor.

Additionally, this study aimed to investigate the correlation between rhythm per-
formance and cognitive states, while considering the effect of age. To achieve this, the
relationship between rhythm performance, as indicated by the R index, and general cogni-
tive level, as indicated by the MMSE-K, was assessed using Pearson’s correlation. For the
rhythm idiom that was found to be significantly correlated with the MMSE-K, a multiple
regression analysis was conducted using the R index and age as factors. All statistical
analyses were performed using SPSS 27.0 (IBM, Armonk, NY, USA).

3. Results
3.1. Rhythm Reproduction Accuracy Across Different Rhythm Idioms

The study investigated the differences in rhythm reproduction ability across various
rhythm idioms. Analysis of the R index values for each rhythm idiom (Table 3) showed
that the idiom consisting of pulsation (Rhy1) exhibited the highest accuracy, followed by
Rhy3 and Rhy2, which incorporated subdivided notes. Rhy5, which began with a shorter
note, demonstrated the second highest accuracy. The two idioms starting with longer notes,
Rhy4 and Rhy6, displayed the lowest accuracy.

Table 3. The R index for each rhythm idiom depending on age sub-group and current engagement in

music.
Age Sub-Group Current Engagement in Music
Total Group Young-Old Older-Old Yes No
. N =79 74 _0()-

Rhythm Idiom ( ) (Aiez ?12) 74; (Aiez Zi) o%; (n = 29) (n = 50)

M (SD) M (SD) M (SD) M (SD) M (SD)
Ryl %4 4 |d 0.11 (0.17) 0.08 (0.10) 0.15 (0.23) 0.06 (0.09) 0.14 (0.20)
rRhys 2 DDN) | D)D) 0.17 (0.20) 0.16 (0.18) 0.19 (0.22) 0.13 (0.12) 0.20 (0.23)
Rhy2  FIODDDDDDD 025002 0.23 (0.26) 0.28 (0.27) 0.17 (0.19) 030 (0.29)
Rhy5 i ID 0.28 (0.23) 0.26 (0.19) 0.32 (0.26) 0.24 (0.22) 0.31 (0.23)
Ry 7 DNJ DD 0s029 0.34 (0.21) 0.33 (0.26) 0.31 (0.18) 0.35 (0.26)
Rhye 7). DMJ D 0470 0.49 (0.28) 0.45 (0.30) 0.52 (0.32) 0.44 (0.28)

The results of a repeated measures ANOVA indicated a significant difference in the
rhythm reproduction accuracy index, as measured by the R value, among the rhythm
idioms, F(5, 390) = 25.542, p < 0.001. Post hoc tests with Bonferroni’s correction showed
that the R index of Rhyl was significantly lower than that of all other rhythm idioms
(p < 0.05), indicating the highest accuracy. However, Rhy3 had a similar level of accuracy
and did not significantly differ from Rhyl. Additionally, the R index for idioms ranked
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second to fifth in terms of accuracy was significantly lower than those ranked lower, except
for the idiom directly below them (e.g., Rhy3 had a significantly lower R index than Rhy5,
Rhy4, and Rhy6, but not Rhy2, see Table 4). There was no significant difference in the R
index between Rhy4 and Rhy®6, both of which had the highest R indices. Of particular
interest is the comparison between rhythm idioms with an identical basic rhythm unit but
differing in the order, as seen in Rhy3 versus Rhy4 and Rhy5 versus Rhy6. These paired
idioms varied solely based on whether either shorter notes or longer notes preceded them.
Notably, the rhythm idiom featuring shorter notes followed by longer notes exhibited
significantly higher accuracy (e.g., Rhy3 > Rhy 4, Rhy5 > Rhy®6).

Table 4. Paired comparison of rhythm idioms for reproduction accuracy.

Current Music Engagement

Group1 Group2 Total Group Age Sub-Group Analysis Subgroup Analysis
MD p MD p MD P
Rhy1 Rhy2 —0.142 0.001 ** -0.140 0.002 ** —-0.136 0.004 **
Rhy3 -0.063 0.371 -0.060 0.489 -0.064 0.422
Rhy4 -0.225 <0.007 *** -0.220 <0.0071 *** -0.230 <0.001 ***
Rhyb5 -0.173 <0.001 *** -0.172 <0.001 *** -0.174 <0.001 ***
Rhy6 -0.361 <0.001 *** -0.355 <0.001 *** -0.383 <0.001 ***
Rhy2 Rhy3 0.079 0.452 0.080 0.448 0.071 0.860
Rhy4 -0.083 0.585 -0.080 0.727 -0.095 0.362
Rhy5 -0.031 1.000 -0.032 1.000 -0.038 1.000
Rhy6 -0.220 <0.007 *** -0.215 <0.001 *** -0.247 <0.001 ***
Rhy3 Rhy4 -0.162 <0.001 *** -0.160 <0.001 *** -0.166 <0.001 ***
Rhy5 -0.110 <0.007 *** -0.112 <0.0071 *** -0.109 0.001 **
Rhy6 -0.298 <0.007 *** -0.294 <0.001 *** -0.318 <0.001 ***
Rhy4 Rhy5 0.052 1.000 0.048 1.000 0.057 1.000
Rhy6 -0.137 0.007 ** -0.134 0.010* -0.152 0.003 **
Rhy5 Rhy6 -0.189 <0.007 *** -0.183 0.001 ** -0.209 <0.001 ***

*p <0.05. % p <0.01. **p <0.001.

3.2. Rhythm Reproduction Accuracy Depending on the Age Sub-Group and Current Engagement
in Music

The descriptive statistics of the R indices and the differences in these indices depending
on the participants’ age sub-group and current engagement in music are displayed in
Table 3. When the age sub-group was set as a between-subject factor and the rhythm idiom
served as a within-subject factor, the results of a mixed model of repeated measures ANOVA
showed a significant rhythm idiom effect, F(5, 385) = 24.297, p < 0.001, indicating that
different rhythm idioms had varying effects on rhythm reproduction accuracy. However,
there was no significant effect of age group, F(5, 385) = 0.863, p = 0.356, and the interaction
effect between age group and rhythm idiom was also not significant, F(5, 385) = 0.784,
p =0.562. These findings indicate that age sub-groups exhibited similar trends in performing
the rhythm reproduction task across different rhythm idioms.

Regarding the rhythm idiom factor, the post hoc analysis (see Table 4) showed sta-
tistically significant differences in all comparison pairs, except for five pairs that were
consistent with the total group comparison. Notably, these five pairs did not indicate
significant differences with the directly lower idiom (i.e., Rhy1l-Rhy3, Rhy3-Rhy2, Rhy2-
Rhy5, and Rhy4-Rhy5). These rhythm idioms (Rhy2, Rhy5, and Rhy4) ranked third to fifth,
respectively, in terms of the R index order (Figure 2). Therefore, the lack of significant
differences between these idioms indicates no differences among idioms with a middle
level of rhythm reproduction accuracy. However, the R index for Rhy6 which had the
highest value (indicating the lowest accuracy), was significantly different from all other
idioms (p < 0.05).
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Figure 2. The R index for each rhythm idiom. The top panel (A) indicates the R index for each rhythm
idiom. The panels (B,C) illustrate the indices depending on the age group and current engagement in
music, respectively.

Regarding the effect of current engagement in music, it did not yield a significant
effect, F(5, 385) = 3.533, p = 0.064, whereas the effect of rhythm idioms was significant,
F(5, 385) = 26.847, p < 0.001. The interaction effect between current engagement in music
and rhythm idiom was not significant, F(5, 385) = 1.796, p < 0.113. The post hoc analysis
for the rhythm idiom factor (see Table 4) indicated findings similar to the age subgroup
analysis, where all comparison pairs, except for five pairs (i.e., Rhyl-Rhy3, Rhy3-Rhy2,
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Rhy2-Rhy5, Rhy2-Rhy4, and Rhy4-Rhy5), showed statistical significance (see Table 4 and
Figure 2).

3.3. Rhythm Performance as a Predictor of Cognitive Ability

Lastly, a Pearson’s correlation was conducted to examine the relationship between
the R index of each rhythm idiom and cognitive ability measured by MMSE-K. The results
are presented in Table 5. The results showed a significant correlation between the R
index of Rhyl, a regular-paced beat pattern, and MMSE-K (r = —0.258). This negative
coefficient indicates that as the R index of Rhy1 decreased, indicating increased accuracy in
rhythm reproduction, the MMSE-K score increased. To further investigate the relationship
between the R index of Rhy1 and the MMSE-K score, a simple linear regression analysis
was conducted. The analysis demonstrated nonsignificant multicollinearity with a VIF of
1.0, and the model accounted for 12.2% of the variance (R? = 0.122). The overall regression
was statistically significant, F(1, 77) = 5.269, p = 0.007. The R index of Rhyl was found
to be a significant predictor of general cognitive ability, as measured by the MMSE-K,
B =—2.225,p =0.049. Age was also a significant predictor, § = —0.066, p = 0.032. The
analysis indicated that an increase in one unit in the R index of Rhy1, representing reduced
rhythm reproduction accuracy, significantly predicted a 2.2-point decrease, in general,
cognitive ability as measured by the MMSE-K. Additionally, an increase in age by one year
predicted a 0.6-point decrease in MMSE-K score.

Table 5. Correlation between R index and MMSE-K scores.

R Index, 7 (p)
Rhy1 Rhy2 Rhy3 Rhy4 Rhy5 Rhy6
MMSE-K —0.258 —0.017 —0.011 0.013 0.000 —0.162
score (0.022%) (0.879) (0.920) (0.907) (0.999) (0.154)

¥p<0.05.

4. Discussion

This study investigated the performance of older adults in reproducing rhythm idioms
across varying rhythm idioms and examined the influence of age and current engage-
ment in musical activities on this performance. The study focused on examining temporal
processing in relation to rhythm reproduction, an area of particular relevance in under-
standing cognitive processes in older adults. The results supported that older adults
exhibit varying levels of accuracy in reproducing rhythm depending on the rhythm idiom
used. The rhythm idiom consisting of an isochronous sequence with repetitive pulsation
(i.e., Rhyl) demonstrated the highest accuracy, compared to idioms involving subdivi-
sions and combinations of short and long intervals. This finding aligns with previous
research, indicating that beat-based patterns are automatically processed and require less
cognitive demand [23]. Therefore, the ability to reproduce repetitive and regularly paced
rhythm tends to be relatively preserved in older adults compared to more complex rhythm
patterns [13].

Research in the context of rhythm idioms with varying cognitive demands for tempo-
ral processing supports that the length of the interval influences cognitive involvement.
Shorter intervals engage more automatic processing without explicit cognitive involve-
ment, while longer intervals require higher cognitive processing [24]. The findings from
the current study are consistent with previous findings. Rhy1 (pulsation) demonstrated
significantly higher accuracy than Rhy3 (subdivided beat pattern). The rhythm idioms
with a ratio of 1:3 (Rhyb5) or 1:1:2 (Rhy3) exhibited significantly higher accuracy compared
to patterns with a ratio of 3:1 (Rhy6) or 2:1:1 (Rhy4). Consistent with these results, Rhy6
showed the lowest accuracy, supporting the notion that longer intervals demand increased
attentional resources. Reproducing such rhythm idioms involves the ability to maintain
temporal information over a longer duration, which engages attention and working mem-
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ory processes [25]. Additionally, reproducing rhythm with longer intervals or different
combinations of time intervals may require inhibitory control, which is closely associated
with complex and flexible attentional processing. Previous studies have also shown that mo-
tor reproduction errors increase when rhythm idioms with longer ISI are reproduced [25].
These findings highlight the importance of preserving temporal distances between beats
(intervals) and the presence of a fixed temporal structure for enhancing accuracy in rhythm
reproduction. These findings have practical implications for designing rhythm tasks that
facilitate cognitive processing in older adults and for adjusting the complexity of rhythm
sequences for different purposes.

Secondly, the study examined age sub-groups and current musical engagement as po-
tential factors influencing task performance in the older population. In terms of age
sub-groups, including the young-old age group (60-74) and the older-old age group
(75-90), there was no significant effect of age group, while a significant difference among
rhythm idioms was observed. These findings indicate that the aging process itself does not
significantly contribute to differences in rhythm reproduction ability within this population.
Previous studies comparing young adults with older adults in terms of rhythm ability have
demonstrated a decline in rhythm task performance with aging, particularly concerning
irregular rhythm patterns with varying interval ratios [6,26]. However, beyond the age of
50, differences in rhythm task performance appear to become less pronounced among age
sub-groups [26], highlighting the greater influence of individual differences in cognitive
processing on determining rhythm performance as individuals advance in age.

Furthermore, this study did not identify a significant effect of current music engage-
ment on rhythm performance. Given that the older population exhibits greater hetero-
geneity in terms of music education or musical background across the population, it was
necessary to control for varying levels of familiarity with the musical context or musi-
cal task when analyzing rhythm performance in older adults participating in this study.
Meanwhile, previous research has suggested that active and intensive participation in
music activities can enhance cognitive processing in the older population [27], but this
finding was not supported by the current study. The lack of a significant effect of musical
engagement in the current study may be attributed to the fact that the study solely analyzed
whether participants were currently engaging in music activities, without systematically
examining the type, duration, or frequency of music engagement. Future research should
comprehensively investigate the relationship between music engagement and rhythm
performance by considering the impact of different types, durations, and frequencies of
musical engagement on rhythm tasks. Additionally, accounting for the varying cognitive
demands associated with different musical activities would facilitate a more thorough
comprehension of how musical engagement influences rhythm abilities in older adults.

Lastly, in an effort to determine whether a specific thythm idiom could be indicative
of the cognitive state of older adults, this study found a significant correlation between
the accuracy of reproducing the steady beat pattern of Rhyl and general cognitive ability,
as measured by the MMSE-K. Furthermore, accurate reproduction of this beat-patterned
rhythm (Rhy 1) was found to predict general cognitive function, with a 2.2-point decrease
in the MMSE-K score predicted for each unit increase in accuracy indicated by a lower
R index. These findings are consistent with previous research indicating that cognitive
decline is associated with reduced attentional and motor control linked to internal timing
and synchronization to external temporal cues [9,19]. The results indicate that the ability
to accurately process and reproduce steady beat patterns reflects timing performance
involving speed and accuracy of information processing [28,29]. Furthermore, given that
MMSE-K measures general cognitive levels with simple assessment methods suitable for
easily screening the older population, while not providing detailed assessments of specific
cognitive abilities, isochronous tapping could be considered potential for indicating certain
aspects of cognitive function in the older population. However, it is important to note
that this study solely focused on healthy older adults, and further research is necessary
to examine how rhythm reproduction ability may vary in individuals with varying levels
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of cognitive ability or impairment. Such research could provide valuable insights into
diverse approaches for assessing cognitive aging within a musical context. Furthermore,
future research could investigate the predictive role of active engagement in music for
maintaining or enhancing cognitive ability in individuals with cognitive decline.

5. Conclusions

In conclusion, this study demonstrates that the accuracy of rhythm reproduction in
older adults is influenced by the complexity and arrangement of rhythm idioms, with
isochronous sequences incorporating repetitive pulsation being the most accurately repro-
duced. Additionally, rhythm idioms with shorter notes preceding longer notes showed
higher accuracy for rhythm production with varying intervals. Regarding age sub-groups
and current engagement in music, no significant effects were observed on rhythm per-
formance, suggesting that the participating older adults in this study demonstrated a
homogeneous condition in performing rhythm tasks overall. More importantly, a signifi-
cant correlation was found between decreased accuracy in reproducing steady rhythm and
reduced general cognitive ability. This suggests that a steady beat pattern can be a simple
yet crucial indicator for temporal processing in older adults, supporting the notion that
rhythm performance holds promise as a tool for assessing cognitive ability, particularly
in tasks involving the speed and accuracy of information processing. To gain a compre-
hensive understanding of the relationship between rhythm performance and cognitive
ability in older adults, future research should explore the impact of different types of
musical engagement on rhythm tasks and examine varying levels of cognitive decline.
Such investigation would also provide valuable implications for the potential benefits of
music-based assessment and intervention in the context of cognitive aging.

Author Contributions: Conceptualization, H.J.C.; formal analysis, G.E.Y.; investigation, ].H.C.;
writing, H.J.C., ].H.C. and G.E.Y.; project administration, H.J.C. All authors have read and agreed to
the published version of the manuscript.

Funding: This research was funded by the Ministry of Education of the Republic of Korea and the
National Research Foundation of Korea (NRF-2017S1A5A2A01025040).

Institutional Review Board Statement: This study’s procedures and ethical issues were approved by
the Institutional Review Board (IRB) of Ewha Womans University (IRB No. 162-16, 1 August 2019).

Informed Consent Statement: Written informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: The data are available on request from the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Li, H.C; Wang, H.H.; Chou, EH.; Chen, K. The effect of music therapy on cognitive functioning among older adults: A systematic
review and meta-analysis. ]. Am. Med. Dir. Assoc. 2015, 16, 71-77. [CrossRef] [PubMed]

2. Maclean, L.M.; Brown, L.J.; Astell, A.J. The effect of rhythmic musical training on healthy older adults’ gait and cognitive function.
Gerontologist 2014, 54, 624-633. [CrossRef] [PubMed]

3. Grahn, J.A.; Brett, M. Rhythm and beat perception in motor areas of the brain. J. Cogn. Neurosci. 2007, 19, 893-906. [CrossRef]
[PubMed]

4. Iannarilli, F.; Vannozzi, G.; Iosa, M.; Pesce, C.; Capranica, L. Effects of task complexity on rhythmic reproduction performance in
adults. Hum. Mov. Sci. 2013, 32, 203-213. [CrossRef]

5. Kim, S.J.; Yoo, G.E. Instrument playing as a cognitive intervention task for older adults: A systematic review and meta-analysis.
Front. Psychol. 2019, 10, 151. [CrossRef]

6. Moussard, A.; Bermudez, P.; Alain, C.; Tays, W.; Morerno, S. Life-long music practice and executive control in older adults: An
event-related potential stay. Brain Res. 2016, 1642, 146-153. [CrossRef]

7.  Biasutti, M.; Mangiacotti, A. Assessing a cognitive music training for older participants: A randomized controlled trial. Int. J.
Geriatr. Psychiatry 2017, 33, 271-278. [CrossRef]

8.  Turgeon, M.; Lustig, C.; Meck, W.H. Cognitive aging and time perception: Roles of Bayesian optimization and degeneracy. Front.

Aging Neurosci. 2016, 8, 102. [CrossRef]


https://doi.org/10.1016/j.jamda.2014.10.004
https://www.ncbi.nlm.nih.gov/pubmed/25458447
https://doi.org/10.1093/geront/gnt050
https://www.ncbi.nlm.nih.gov/pubmed/23723435
https://doi.org/10.1162/jocn.2007.19.5.893
https://www.ncbi.nlm.nih.gov/pubmed/17488212
https://doi.org/10.1016/j.humov.2012.12.004
https://doi.org/10.3389/fpsyg.2019.00151
https://doi.org/10.1016/j.brainres.2016.03.028
https://doi.org/10.1002/gps.4721
https://doi.org/10.3389/fnagi.2016.00102

Behav. Sci. 2024, 14, 1113 11 of 11

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

Chong, H.J.; Lee, E.J. Reproducing rhythmic idioms: A comparison between healthy older adults and older adults with mild
cognitive impairment. J. Music Hum. Behav. 2019, 16, 73-88.

Duerksen, G.; Chong, H.J. Preliminary study on developing protocol for Music therapy Assessment for Cognitive and Emotional-
behavioral Domain using Rhythm (MACED-Rhythm). J. Music Hum. Behav. 2013, 10, 67-83.

Baudouin, A.; Vanneste, S.; Isingrini, M. Age-related cognitive slowing: The role of spontaneous tempo and processing speed.
Exp. Aging Res. 2004, 30, 225-239. [CrossRef] [PubMed]

Vanneste, V.; Pouthas, ].H.; Wearden, S. Temporal control of rhythmic performance: A comparison between young and old adults.
Exp. Aging Res. 2001, 27, 83-102. [CrossRef] [PubMed]

Turgeon, M.; Wing, A.M.; Taylor, L.W. Timing and aging: Slowing of fastest regular tapping rate with preserved timing error
detection and correction. Psychol. Aging 2011, 26, 150. [CrossRef] [PubMed]

Ragot, R.; Ferrandez, A.M.; Pouthas, V. Time, music, and aging. Psychomusicol. . Res. Music Cogn. 2002, 18, 28. [CrossRef]
Thaut, M.H.; McIntosh, G.C.; Hoemberg, V. Neurobiological foundations of neurologic music therapy: Rhythmic entrainment
and the motor system. Front. Psychol. 2015, 5, 1185. [CrossRef]

Trost, W.; Frithholz, S.; Schon, D.; Labbé, C.; Pichon, S.; Grandjean, D.; Vuilleumier, P. Getting the beat: Entrainment of brain
activity by musical thythm and pleasantness. Neurolmage 2014, 103, 55-64. [CrossRef]

Gallego Hiroyasu, E.M.; Yotsumoto, Y. Disentangling the effects of modality, interval length and task difficulty on the accuracy
and precision of older adults in a rhythmic reproduction task. PLoS ONE 2021, 16, €0248295. [CrossRef]

Iannarilli, F.; Vannozzi, G.; Minganti, C.; Capranica, L.; Pesce, C. Rhythmic ability decline in aging individuals: The role of
movement task complexity. Biomed. Hum. Kinet. 2022, 14, 41-53. [CrossRef]

Bangert, A.S.; Balota, D.A. Keep up the pace: Declines in simple repetitive timing differentiate healthy aging from the earliest
stages of Alzheimer’s disease. . Int. Neuropsychol. Soc. 2012, 18, 1052-1063. [CrossRef]

Turgeon, M.; Wing, A.M. Late onset of age-related difference in unpaced tapping with no age-related difference in phase-shift
error detection and correction. Psychol. Aging 2012, 27, 1152. [CrossRef]

Park, ].H.; Kwon, Y.C. Standardization of Korean version of the Min-Mental State Examination (MMSE-K) for use in the elderly
Part II: Diagnostic validity. J. Korean Med. Assoc. 1989, 28, 508-513.

Persichini, C.; Capranica, L. Reproduction of rhythmic patterns in young individuals: Toward the construction of a computerized
rhythmic test. Int. ]. Sport Psychol. 2004, 35, 246-265.

Capizzi, M.; Sanabria, D.; Correa, A. Dissociating controlled from automatic processing in temporal preparation. Cognition. 2012,
123, 293-302. [CrossRef] [PubMed]

Piras, F; Coull, J.T. Implicit, predictive timing draws upon the same scalar representation of time as explicit timing. PLoS ONE
2011, 6, €18203. [CrossRef]

Daikoku, T.; Takahashi, Y.; Tarumoto, N.; Yasuda, H. Motor reproduction of time interval depends on internal temporal cues in
the brain: Sensorimotor imagery in rthythm. Front. Psychol. 2018, 9, 1873. [CrossRef] [PubMed]

Iannarilli, E; Pesce, C.; Persichini, C.; Capranica, L. Age-related changes of rhythmic ability in musically trained and untrained
individuals. Sport Sci. Health 2013, 9, 43-50. [CrossRef]

Che, Y.; Jicol, C.; Ashwin, C.; Petrini, K. An RCT study showing few weeks of music lessons enhance audio-visual temporal
processing. Sci. Rep. 2022, 12, 20087. [CrossRef]

Fitch, W.T.; Rosenfeld, A.]J. Perception and production of syncopated rhythms. Music Percept. 2007, 25, 43-58. [CrossRef]
Helmbold, N.; Troche, S.; Rammsayer, T. Processing of temporal and nontemporal information as predictors of psychometric
intelligence: A structural-equation modeling approach. J. Pers. 2007, 75, 985-1006. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1080/03610730490447831
https://www.ncbi.nlm.nih.gov/pubmed/15487303
https://doi.org/10.1080/036107301750046151
https://www.ncbi.nlm.nih.gov/pubmed/11205531
https://doi.org/10.1037/a0020606
https://www.ncbi.nlm.nih.gov/pubmed/20973598
https://doi.org/10.1037/h0094053
https://doi.org/10.3389/fpsyg.2014.01185
https://doi.org/10.1016/j.neuroimage.2014.09.009
https://doi.org/10.1371/journal.pone.0248295
https://doi.org/10.2478/bhk-2022-0006
https://doi.org/10.1017/S1355617712000860
https://doi.org/10.1037/a0029925
https://doi.org/10.1016/j.cognition.2012.02.005
https://www.ncbi.nlm.nih.gov/pubmed/22397820
https://doi.org/10.1371/journal.pone.0018203
https://doi.org/10.3389/fpsyg.2018.01873
https://www.ncbi.nlm.nih.gov/pubmed/30333779
https://doi.org/10.1007/s11332-013-0144-y
https://doi.org/10.1038/s41598-022-23340-4
https://doi.org/10.1525/mp.2007.25.1.43
https://doi.org/10.1111/j.1467-6494.2007.00463.x

	Introduction 
	Materials and Methods 
	Participants 
	Rhythm Idioms for the Rhythm Reproduction Task 
	Measurement Tool: Beat Processing Device 
	Data Analysis 

	Results 
	Rhythm Reproduction Accuracy Across Different Rhythm Idioms 
	Rhythm Reproduction Accuracy Depending on the Age Sub-Group and Current Engagement in Music 
	Rhythm Performance as a Predictor of Cognitive Ability 

	Discussion 
	Conclusions 
	References

