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Research Article

The Test–Retest Repeatability
of a Rhythm Coordination Test
Procedure in 4- to 6-Year-Old
Children: A Pilot Study

Pipsa P. A. Tuominen1,2 , Jani Raitanen3,4 and Marjo Rinne3

Abstract
Moving to music combines the ability of rhythm and coordination. In relation to the musical and motor development of
children, sensorimotor synchronization requires the ability to perceive and perform a steady beat. The present pilot study
aimed to investigate the test–retest repeatability of a rhythm coordination test procedure in order to pilot the procedure
for children. Test–retest repeatability reflects the variation in measurements taken by the rhythm coordination test on the
same participant under the same conditions. Ten children (mean age 5.5 years, standard deviation (SD) 0.6) participated in
the tests. The test performance was evaluated in points from 0 to 8, separately at a slow and fast pace, resulting in
16 points altogether. Test sessions were performed twice for each child within a four-day interval. Children reached, on
average, 7.8 (SD 3.5) points in the first and 8.1 (SD 3.6) points out of 16 in the second test session. The test–retest mean
intra class correlation was 0.96, indicating a high repeatability of the rhythm coordination test for children. Further, the
children older than 5.5 years achieved a higher number of points than the younger ones, and they seemed to reach almost
the same level as adults. The rhythm coordination test procedure for children provides a promising means of assessing
children’s sensorimotor synchronization in the context of movement and music.
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Introduction

Synchronizing bodily movements to music combines both

perceptual and motor tasks, such as detecting a beat and

tempo and coordinating movements to the beat. This sen-

sorimotor synchronization (SMS) requires the ability to

perceive and perform a steady beat (Repp & Su, 2013).

Rhythm coordination integrates both sensor and motor abil-

ities needed for beat detection, timing, and motor coordina-

tion of different rhythms (e.g., in dancing, ball games)

(Rinne, 2010).

In children, the development and ability to perceive and

produce a steady beat, and the ability to synchronize move-

ment with an external beat, have been primarily studied in

tapping and walking studies (Repp & Su, 2013). In natural

settings, children were found to perform movements such

as hopping, circling, or swaying when listening to familiar

music (Eerola et al., 2006). A metric complexity of music

affects perceptual sensitivity to beat alignment (Einarson &

Trainor, 2016). However, most 2- to 4-year-olds did not

adjust the tempo of their movement according to the tempo

of the music (Eerola et al., 2006). Synchronization has been

found to improve as children develop, especially from ages

1 Faculty of Sport and Health Sciences, Health Sciences, University of
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3 to 7 (Repp & Su, 2013). Further, the 4-year-old children

were more likely to adjust their movements with the tempo

changes compared with the younger ones (Eerola et al.,

2006).

In previous studies, steady beat synchronization was

examined during tapping, stepping, or walking tasks, using

slow, medium, and fast musical examples (Dalla Bella

et al., 2017; Gill, 2015; Rose, 2016). Children have also

been found to perform hand movements better than feet

movements, with the highest accuracy being at a medium

tempo (Rose, 2016). Similarly, children have been found to

adapt to faster and slower tempos (Rose, 2016). Adults

have been found to overcorrect the interval between the

taps within the tempo changes (Dalla Bella et al., 2017).

In general, children have more trouble matching the metro-

nome beat at a slow pace compared with adults (Gill,

2015).

Multi-limb coordination tasks have been used to assess

motor difficulties instead of beat detection and synchroni-

zation. Simultaneous clapping while walking has also been

used to examine multi-limb coordination and stability, con-

sistency, and frequency changes over childhood (Getchell,

2006). Older children have shown a higher accuracy in

matching limb frequency to a metronome beat or other limb

movements (Getchell, 2007; Ireland et al., 2018).

In the field of music research, rhythm coordination has

been studied as a part of perception and synchronization. In

physiotherapy, the focus has been on the development of

movement and coordination skills. However, to our knowl-

edge, there is no functional field test available for children

that combines movements of upper and lower extremities

and synchronization with the external beat. When develop-

ing a new test or transferring an old test to a new age group,

carefully designed pretests of feasibility, reliability, and

repeatability are essential. Test–retest reliability (i.e.,

repeatability) reflects the variation in measurements taken

by a specific instrument (i.e., the rhythm coordination test)

on the same participant under the same conditions (Koo &

Li, 2016).

This pilot study evaluates the repeatability of the chil-

dren’s rhythm coordination test procedure, which was used

in the Step into music! intervention study. In the Step into

music! intervention, the main aim was to assess children’s

and their parents’ accelerometer-measured physical activ-

ity and sedentary time when using a music mat at home.

The Step into music! study also assessed the coordination

(including the rhythm coordination) of the children, and the

association between children’s musical background and

their physical exercise adherence.

Methods

Aims

Our test aimed to assess children’s ability to rhythmically

synchronize and coordinate movements of their upper and

lower extremities to the given metronome beat. The pilot

test was done prior to and separate from the Step into

music! study group in autumn 2017. The Step into music!

study was approved by the Ethics Committee of University

of Jyväskylä, Jyväskylä, Finland.

Participants

Ten children (seven girls, three boys) were recruited via

Tursola daycare center in Kangasala, Finland. Children

were eligible to participate if they were between 4 and 6

years old, had normal vision and hearing with or without

glasses or a hearing aid, and could perform marching and

clapping hands as instructed. All the children were Cauca-

sian, and their primary language at home was Finnish. The

mean age of the participating children was 5.5 (standard

deviation (SD) 0.6) years. Parents gave written consent for

participation on their child’s behalf. The study was con-

ducted following prevailing ethics principles.

Rhythm Coordination Test Procedure and Test–
Retest Protocol

The rhythm coordination test assessed beat perception abil-

ity with synchronization of rhythmic movement, as well as

coordination skills of upper and lower extremities as

demonstrated by a performance of marching and clapping

hands. In the original test for adults, participants took steps

in place for every single beat for the first 30 seconds and

added hand-claps on every other beat for the next 30 sec-

onds using slow and fast tempos, separately (Rinne et al.,

2001). Figure 1 shows the marching and clapping proce-

dure. The tempo was given by the beat of a metronome.

The rhythm coordination test procedure was modified for

children by adding a rehearsal for a test (i.e., tester showed

marching and clapping and did it with a child) to ensure

that the child understood what to do. The addition of the

rehearsal was based on the earlier finding that young chil-

dren synchronized their hand movements with higher accu-

racy in a social context (Kirschner & Tomasello, 2009).

The rhythm coordination test procedure for children

consisted of three separate parts: 1) rehearsal of marching

and clapping hands together with the tester using a moder-

ate tempo (104 bpm); 2) the first section of the test with a

slower, low-impact tempo (92 bpm); and 3) the second

section of the test with a fast, high-impact tempo (138

bpm). The slow tempo section started immediately after

the rehearsal, and the fast tempo section started immedi-

ately after the slow tempo section, once the tester had set

the metronome to the correct tempo. The rehearsal was

performed as many times as needed, while both the slow

and fast rhythm sections were performed only once. The

tempo for the rehearsal (104 bpm) was based on an earlier

study by Rose (2016) that showed the highest overall accu-

racy among children at a medium tempo. The tempos for
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the slow- (92 bpm) and fast-paced (138 bpm) sections were

adapted from the original test by Rinne et al. (2001).

The test performance was evaluated using separate

points for the slow- (92 bpm) and fast-paced (138 bpm)

sections, resulting in a maximum of 16 points (8 points for

each section) (Rinne et al., 2001). Each section of the per-

formance was assessed, as follows:

� 0–10 s, degree of starting accuracy (0 ¼ asynchro-

nous marching, 1 ¼ getting into the marching

rhythm gradually, 2 ¼ synchronous marching

rhythm at the first go).

� 10–30 s, keeping the beat of exact rhythm (0 ¼
asynchronous marching, 1 ¼ some difficulties in

keeping the rhythm, 2 ¼ synchronous and exact

marching rhythm).

� 30–40 s, degree of starting accuracy within the first

10 seconds when starting hand-claps (0 ¼ asynchro-

nous marching and hand-clapping, 1 ¼ getting into

the marching and hand-clapping rhythm gradually, 2

¼ synchronous marching and a hand-clapping

rhythm at the first go).

� 40–60 s, keeping the beat of the exact rhythm (0 ¼
asynchronous marching and clapping, 1 ¼ some dif-

ficulties in keeping the rhythm, 2¼ synchronous and

exact marching and clapping rhythm).

Each child was tested during two separate measure-

ment sessions by a physiotherapist who was trained to

conduct the test. Instructions for children included a

description and rehearsal of marching and hand-

clapping. Instructions also outlined the possibility of the

volume control of the metronome. Each child performed

the test procedure, as previously described. During the test

procedure, the children were encouraged to continue (e.g.,

“Keep on going”), and they were told when to start clap-

ping (e.g., “Go on marching and start clapping hands”).

The test and retest sessions were conducted at the same

time of day within a four-day interval.

Statistical methods

The means, SDs, and ranges of the measurements are pre-

sented as descriptive statistics. The intraclass correlation

coefficient (ICC) with a two-way mixed-effects model,

type of a single rater, and an absolute agreement as a def-

inition was used to estimate the repeatability (i.e., an

experiment capable of giving renewable results) of the

rhythm coordination test procedure (Koo & Li, 2016). The

ICC reports within-group change (i.e., consistency of chil-

dren’s performance from test to retest) and systematic

change in mean (i.e., in the average performance of chil-

dren as a group over time) (Atkinson & Nevill, 1998; Lex-

ell & Downham, 2005; Vaz et al., 2013). ICC values of

lower than 0.70 represent poor reliability, values from 0.70

to 0.79 show fair reliability, 0.80 to 0.89 demonstrate good

reliability, and values equal to or higher than 0.90 represent

high reliability (Currier, 1984). A conservative interpreta-

tion by Currier (1984) was used due to the study having

only a single rater that may cause a smaller variation

between test and retest scores compared with the situation

with two raters. In other words, when there is only little

variation between scores, the ICC tends to be high.

Bland-Altman plot analysis was used to describe an

agreement between test and retest by constructing limits

of agreement. This method evaluates a bias between the

mean differences and estimates 95% limits for the agree-

ment interval (i.e., the total error between test and retest)

(Atkinson & Nevill, 1998; Giavarina, 2015).

Differences between the age groups at test and retest

were tested by Mann-Whitney U test. The mean age of the

children was used as a cut-off point to separate the groups

into younger or older.

All analyses were performed using IBM SPSS Statis-

tics 24.0.

Results

The descriptive data of the pilot study are presented in

Table 1. Because of the small data set, the normality was

not tested. The mean difference between the test and retest

was -0.3 points (95% CI 1.3 to 0.7), which is statistically not

significant (p¼0.50). The test–retest mean ICC was 0.96,

indicating high reliability, with a 95% confidence interval

(CI) being 0.86 to 0.99, indicating at least good reliability.

The Bland and Altman plot (Figure 2) shows only small

differences between the test–retest results. The mean dif-

ference of the tests (y¼-0.3) indicates the bias between the

test and the retest, showing that the children achieved

higher results in the retest than in the test. All of the data

points lie within +1.96 SD of the mean difference (-2.9 to

2.3), which indicates the limits of agreement (95% CI).

Further, the magnitude of the systematic difference (95%
CI of the mean difference being from 1.3 to 0.7) and the

heteroscedasticity of the plots indicate that the retest does

not under- or over-estimate the results compared with the

first test.

Figure 1. The marching and clapping procedure of the rhythm coordination test.
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We also found differences that were related to the age of

children. A Mann-Whitney U test indicated that the points

in the tests were higher among older children (Md¼11.5,

n¼4) than among younger children (Md¼5.5, n¼6) with a

large effect, U¼0.0, p¼0.010, r¼0.82. The corresponding

values at retest for older (Md¼11.5) and younger

(Md¼5.0) children were U¼0.0, p¼0.009, r¼0.82.

Discussion

The present rhythm coordination test was piloted for the

Step into music! study, using a small group of volitional 4-

to 6-year-old children. In the present pilot study, the test–

retest repeatability of the children’s rhythm coordination

test procedure was studied and found to be high. In

addition, we found that older children received higher

scores than younger ones.

Concerning the consistency of test–retest sessions,

ICC was used as the general measure of repeatability

in the rhythm coordination test procedure. The ICC

value in this population was higher than in earlier stud-

ies (Rinne et al., 2001; Vartiainen et al., 2006), which

were, however, conducted among adults. The high ICC

value might be related to the heterogeneity of the small

data set: the ICC values tend to be smaller when the

data are homogeneous (Atkinson & Nevill, 1998). It was

also seen that children tended to reach slightly higher

average values during the retest session compared with

the test session. We assume that this may be related to

the fact that the test situation and the physiotherapist

were more familiar the second time, making it easier

for a child to concentrate on the actual task. The stabi-

lity in the rhythm coordination task, as observed in the

Bland and Altman plot, showed that the individual dif-

ferences in test–retest sessions were at most 2 points,

which is in line with Rinne et al. (2001). The slight

improvement from test to retest may also reflect a learn-

ing effect, since the test was done twice within a short

period. A similar improvement between test and retest

sessions was found by Bégel et al. (2018), who studied

perceptual and sensorimotor timing skills among healthy

adults. They concluded that when the same musical

excerpts were used at both testing times, improvement

between the sessions reflected a learning effect (Bégel

et al., 2018).

In addition, rehearsal of marching and clapping hands

was added for the children, which was not done in the

original test procedure for adults. The rehearsal was added

to the test procedure in order to ensure that the children

understood what they were expected to do. In addition,

Kirschner and Tomasello (2009) found that young children

synchronized their hand movements with higher accuracy

in the social context; therefore, we believed the rehearsal of

Table 1. Data showing agreement between test and retest. Values are presented for each child, ranking them from the lowest to the
highest.

Gender Age
Test (points,
range 0–16)

Retest (points,
range 0–16)

Mean of test and retest
(TestþRetest)/2 (points)

Test–retest
difference (points)

(Test–retest)/Mean
(%)

male 5.29 3 5 4.0 -2 -50.0
female 4.78 4 6 5.0 -2 -40.0
male 5.21 5 4 4.5 1 22.2
female 5.47 6 5 5.5 1 18.2
female 5.02 6 5 5.5 1 18.2
female 5.07 8 8 8.0 0 0.0
male 5.65 11 11 11.0 0 0.0
female 6.40 11 12 11.5 -1 -8.7
female 6.60 12 11 11.5 1 8.7
female 5.62 12 14 13.0 -2 -15.4

Mean 5.51 7.8 8.1 -0.3
Standard deviation 0.59 3.5 3.6 1.3

Figure 2. Bland-Altman plot for data from Table 1. The dashed
black line shows the mean difference of the tests. The darker area
illustrates 95% CI of the mean difference (-1.3 to 0.7), indicating
the magnitude of the systematic difference. The dotted lines
(+1.96*SD) as the random error indicate 95% CI (-2.9 to 2.3)
as the representation of the limits of agreement.
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the test would improve the results of the test and retest in

some children. In this study, four children achieved better

scores and four children achieved lower scores on the ret-

est. Thus, we assume that rehearsal did not affect the results

in the meaning of learning.

The children older than 5.5 years achieved almost the

same scores in the rhythm coordination tests as the adults

did (Rinne et al., 2001). This is in line with Gill (2015),

who found that 5- to 7-year-olds showed the ability to

modify their walking, even if there were differences with

meeting the exact timing of metronome paces. We found

that the youngest children demonstrated a higher deviation

in results between the test and retest than the older ones.

This result also reinforces Ireland et al.’s (2018), Gill’s

(2015), and Getchell’s (2006) findings that task difficulty

(slow or fast pace, hand-clapping simultaneously while

walking) might influence children’s performance. We con-

sidered that the differences between younger and older

children might be related to the development of their motor

and musical abilities: the motor and musical development

of older children is likely to be more advanced than that of

younger children. Specifically, among children with musi-

cal training, years of music lessons predicted performance

on rhythm synchronization tasks over and above the effect

of age (Ireland et al., 2018). However, children in their

study were older than the children in this study. Further,

we did not ask whether the children had music-based

hobbies.

Task-related differences in action-dependent and age-

related tasks have been found to stay constant across age

groups (Getchell, 2006). Children with developmental

coordination disorder (DCD) demonstrate more within-

individual and between-participant variability than chil-

dren without DCD or adults in timing the claps with the

footfalls, in timing each limb separately, and in using the

pairs of limbs (Mackenzie et al., 2008; Volman et al.,

2006). The availability of visual or auditory cues has not

found to have any role in the coordination of clapping/

marching (Mackenzie et al., 2008). Since hand–hand coor-

dination patterns have been found easier than contralateral

(different body side) hand–foot coordination patterns

among healthy children (Rose, 2016) and children with

developmental coordination disorder (Volman et al.,

2006), we assume that simultaneous clapping while march-

ing would be a good task to examine dual- and multi-limb

rhythm coordination among children.

The main limitations of the study are the small sample

size and the use of only one tester. Owing to the small

sample size, possible deviation from the normality of the

distribution cannot be detected and therefore, for instance,

the ICC can be biased. Thus, for future research, a larger

study population is needed to examine the differences

between younger and older children. In addition, the inter-

rater reliability of the rhythm coordination test should be

assessed. It would also be important to examine testers’

subjective assessment concerning measured accuracy of

the child’s marching and clapping, as well as possible dif-

ferences in performance when the child has an audio cue

versus an audiovisual cue. As for the strength of the study,

there has been a lack of rhythm coordination tests available

for children. To our knowledge, this kind of rhythm coor-

dination test has not yet been performed among children.

Thus, this study provides valuable information for further

studies and clinical practice.

Conclusion

Concerning the consistency of pilot test sessions, the pre-

liminary results of test–retest mean ICC indicated a high

repeatability of the procedure within this population. Thus,

simultaneous clapping while marching would be a good

task for examining dual- and multi-limb rhythm coordina-

tion among children. In addition, the rhythm coordination

test has clinical relevance, for example, when testing chil-

dren in music education or inspecting children’s

coordination.
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Harding, E., & Kotz, S. A. (2017). BAASTA: Battery for the

assessment of auditory sensorimotor and timing abilities.

Behavior Research Methods, 49(3), 1128–1145. http://doi.

org/10.3758/s13428-016-0773-6

Eerola, T., Luck, G., & Toiviainen, P. (2006). An investigation of

pre-schoolers’ corporeal synchronization with music. Pro-

ceedings of the 9th International Conference on Music Percep-

tion and Cognition, Alma Mater Studiorum University of

Bologna, Italy, 472–476.

Einarson, K. M., & Trainor, L. J. (2016). Hearing the beat. Young

children’s perceptual sensitivity to beat alignment varies

according to metric structure. Music Perception, 34(1),

56–70. http://doi.org/10.1525/mp.2016.34.1.56

Getchell, N. (2006). Age and task-related differences in timing

stability, consistency, and natural frequency of children’s

rhythmic, motor coordination. Developmental Psychobiology,

48(8), 675–685. http://doi.org/10.1002/dev.20186

Getchell, N. (2007). Developmental aspects of perception-action

coupling in multi-limb coordination: Rhythmic sensorimotor

synchronization. Motor Control, 11(1), 1–15.

Giavarina, D. (2015). Understanding Bland Altman analysis. Bio-

chemia Medica, 25(2), 141–151. http://doi.org/10.11613/BM.

2015.015.

Gill, S. V. (2015). Walking to the beat of their own drum: How

children and adults meet timing constraints. PloS One, 10(5),

e0127894. http://doi.org/10.1371/journal.pone.0127894

Ireland, K., Parker, A., Foster, N., & Penhune, V. (2018). Rhythm

and melody tasks for school-aged children with and without

musical training: Age-equivalent scores and reliability. Fron-

tiers in Psychology, 9, 426.

Kirschner, S., & Tomasello, M. (2009). Joint drumming: Social

context facilitates synchronization in preschool children.

Journal of Experimental Child Psychology, 102(3), 299–314.

http://doi.org/10.1016/j.jecp.2008.07.005

Koo, T. K., & Li, M. Y. (2016). A guideline of selecting and

reporting intraclass correlation coefficients for reliability

research. Journal of Chiropractic Medicine, 15(2), 155–163.

http://doi.org/10.1016/j.jcm.2016.02.012.

Lexell, J. E., & Downham, D. Y. (2005). How to assess the relia-

bility of measurements in rehabilitation. American Journal of

Physical Medicine & Rehabilitation, 84(9), 719–723. http://

doi.org/00002060-200509000-00013

Mackenzie, S. J., Getchell, N., Deutsch, K., Wilms-Floet, A.,

Clark, J. E., & Whitall, J. (2008). Multi-limb coordination and

rhythmic variability under varying sensory availability condi-

tions in children with DCD. Human Movement Science, 27,

256–269. http://doi.org/10.1016/j.humov.2008.02.010

Repp, B. H., & Su, Y. H. (2013). Sensorimotor synchronization: A

review of recent research (2006–2012). Psychonomic Bulletin

& Review, 20(3), 403–452. http://doi.org/10.3758/s13423-

012-0371-2

Rinne, M. (2010). Effect of physical activity, specific exercise

and traumatic brain injury on motor abilities. Theoretical

and pragmatic assessment (Doctoral thesis). Studies in

sport, physical education and health. University of
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