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This study aimed to identify biographical and behavioral factors
associated with children pianists’ motor skills using an objective
assessment of a music-relevant motor task. Motor skills at the
piano were assessed in 30 children pianists by measuring temporal
unevenness in standardized scale playing using musical instru-
ment digital interface (MIDI)-based scale analysis. Questionnaires
were used to collect detailed information about the amount of time
playing the piano, practice characteristics, attitudes toward music
and practice, and the environment of music and practice. Associa-
tions between performance values and variables from the ques-
tionnaire were investigated using multivariable linear regression.
A higher number of years playing the piano, more frequent paren-
tal involvement in the child’s practice, more frequent practice of
technical exercises, and greater enjoyment of practice and of the
visual arts were associated with better motor performance. In
addition to cumulative experience and aspects of practice, extrinsic
motivational factors (e.g., parental interest) and intrinsic motiva-
Weber,

ueller@

http://crossmark.crossref.org/dialog/?doi=10.1016/j.humov.2014.06.007&domain=pdf
http://dx.doi.org/10.1016/j.humov.2014.06.007
mailto:spectj@u.washington.edu
mailto:raymond@raymondyong.com
mailto:eckart.altenmueller@hmtm-hannover.de
mailto:eckart.altenmueller@hmtm-hannover.de
mailto:jabusch@hfmdd.de
http://dx.doi.org/10.1016/j.humov.2014.06.007
http://www.sciencedirect.com/science/journal/01679457
http://www.elsevier.com/locate/humov


158 J.T. Spector et al. / Human Movement Science 37 (2014) 157–166
tional factors (e.g., an artistic disposition) were associated with
better performance on a musically-relevant motor task in children
pianists.

� 2014 Elsevier B.V. All rights reserved.
1. Introduction

Instrumental music performance is one of the most complex of human accomplishments. Instru-
mental musicians must develop a high level of fine motor skill and coordination to achieve the spatio-
temporal accuracy required for this complex task (Kopiez, 2004). A model of the development of such
skills has been proposed by Gagne (2003) and adapted to the development of musical skills specifically
by McPherson and Williamon (2006). In this model, natural abilities in intellectual, creative, socio-
affective, and sensori-motor domains serve as a starting point in the developmental process of learn-
ing and practicing. This process is catalyzed by intrapersonal, environmental, and chance factors to
yield superior performance and skills. Natural abilities are characterized in this model as genetic in
origin and may manifest as parents or other family members of children pianists who have gravitated
toward piano playing and developed superior musical skills. Intrapersonal catalysts include motiva-
tion to seek challenges and constantly improve through high quality and lengthy interactions with
music. These intrapersonal factors may also include a willingness to frequently practice difficult tech-
nical exercises, a positive attitude toward music, practice, and art, and a desire to attend concerts.
Environmental catalysts may include the family’s involvement in music and practice and support
for attending concerts, which children do not necessarily have the means to accomplish by them-
selves. The developmental process includes high quality practice, such as deliberate practice, over a
long period of time. A detailed understanding of these factors is of interest to both researchers and
instrumental teachers.

Previous research has focused on biographic and behavioral factors associated with musical perfor-
mance achievement in children, music students, and expert musicians. Studies in children have
focused on young concert pianists (Sosniak, 1985), children in their very first year of piano study
(O’Neill, 1997), and musically-gifted school children (Sloboda & Howe, 1991). Consistent with Gagné’s
and with McPherson’s and Williamon’s model, certain practice-related, environmental, and intraper-
sonal factors have been reported to contribute to musical performance achievement in children. These
factors include: total time playing the instrument (McPherson, 2005; Sloboda & Howe, 1991); fre-
quency of technical practice (McPherson, 2005; Sloboda & Howe, 1991); parental support and involve-
ment (Davidson, Howe, Moore, & Sloboda, 1996; Howe, Davidson, Moore, & Sloboda, 1995;
McPherson, 2009; O’Neill, 1997; Sosniak, 1985); and frequency of listening to music (Davidson
et al., 1996; Howe et al., 1995).

To date, assessment of music performance achievement in research studies has relied largely on
subjective measures of performance. Overall musical achievement has been assessed using the results
of auditions and examinations at music schools (Davidson et al., 1996; Howe et al., 1995), ratings by
instrumental teachers (Ericsson, Krampe, & Tesch-Römer, 1993; Sloboda & Howe, 1991; Williamon &
Valentine, 2000), and competition results (Sosniak, 1985). Musical achievement has also been
assessed through observation of musical sub-skills, including performance of rehearsed music, playing
from memory, playing by ear, improvising, and sight-reading (McPherson, 2005). A large number of
studies in adults have used objective methods, such as musical instrument digital interface (MIDI)
techniques, to assess music achievement. These objective methods have been used to assess acquisi-
tion and maintenance of expert performance (Ericsson et al., 1993; Jabusch, Alpers, Kopiez, Vauth, &
Altenmüller, 2009; Krampe & Ericsson, 1996), sight-reading (Kopiez, 2006; Lehmann & Ericsson,
1993), and other musical sub-skills. There are, however, few published studies using similar objective
methods in children (Brotz, 1992; Frewen, 2009).
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In the present study, we aimed to assess the relationship between motor performance, using val-
idated objective methods, and biographical factors in children pianists. A comprehensive set of bio-
graphical factors, selected based on Gagné’s and on McPherson’s and Williamon’s model of skill
development (Gagne, 2003; McPherson & Williamon, 2006), was assessed using a standardized ques-
tionnaire rather than interview methods (Davidson et al., 1996; Howe et al., 1995; McPherson, 2005;
Sloboda & Howe, 1991).

Motor performance was measured using MIDI-based scale analysis, which has been shown to be a
valid and reliable tool to investigate temporal unevenness in playing in pianists (Jabusch, Vauth, &
Altenmüller, 2004). The practice of scales is relevant for pianists and piano students because scales
are basic elements of the musical architecture in classical music as well as in jazz, rock, and pop music.
Consequently, scale playing is a fundamental aspect of piano technique. Playing scales requires finger
cross-over maneuvers, which are considered to be the main difficulties in scale playing (Breithaupt,
1912). The achievement of temporal evenness in scale playing is a central goal in the training of pia-
nistic fluency (Dichler, 1948; Neuhaus, 1993). Professional pianists have been reported to display a
high degree of temporal evenness in C major scale playing (Jabusch, 2006). MIDI-based analysis of
C major scale playing has been successfully used to study the effect of practice on the long-term devel-
opment of adult pianists’ motor skills (Jabusch et al., 2009; van Vugt, Jabusch, & Altenmüller, 2013a).

We hypothesized that practice-related, intrapersonal, and environmental factors shown to facili-
tate overall musical skill development are associated with fine motor precision in a musically-relevant
context in children pianists. Specifically, we hypothesized that increased practice and frequency of
technical practice, greater motivation, and parental involvement are associated with increased fine
motor precision. Preliminary results of this research have been published by Jabusch, Yong, and
Altenmüller (2007).
2. Methods

2.1. Participants

Thirty-three school-aged children who were taking piano lessons at the time of the study were
recruited to participate from the Hannover music school and the Hannover University of Music, Drama
and Media. Potential participants were included in the study if they were able to play C major scales
on the piano over two octaves with both hands separately. Piano teachers at both institutions were
informed about the project and actively supported participation of their students. No financial com-
pensation was offered for participation. Informed consent was obtained by all participants and their
parents. The study was performed in accordance with relevant institutional and national regulatory
standards.

Three children were found not to be able to play scales according to the protocol and were excluded
from the study. The final study sample was 30 children (22 girls and 8 boys, aged 8–17 years, median
age 13). Participants had been studying piano for at least nine months prior to the study (median
5 years, range 9 months to 12 years) and took lessons once a week. Participants started playing the
piano at a median age of 7 (range 5–12) years and reported practicing from three to seven days per
week, with a median daily practice time of 30 min (range 10 min to 3.5 h). The median total life prac-
tice time was 559 (range 88–8697) hours. Total life practice time was strongly correlated with total
years playing the piano [Spearman’s q(28) = 0.70, p < .001] and weekly practice time [Spearman’s
q(28) = 0.80, p < .001]. Further details of participant characteristics are shown in Table 1.
2.2. Assessment of biographical factors

A self-administered questionnaire was developed that sought information on the pianistic and
musical history and attitudes of participants. A single researcher was present to give clarifications
when uncertainties arose in the questions, and parents of the younger participants were asked to
assist in the answering of questions. The questionnaire included questions on the following topics:



Table 1
Participant characteristics and Spearman correlations with MIOI where applicable (N = 30).

Participant characteristic Median (IQR) or n (%) Spearman’s q (p-value)a

Gender
Male 8 (27%)
Female 22 (73%)

Total years playing the piano 5 (3, 6.5) �0.40 (.03)

Total life practice hours 559 (362,1129) �0.43 (.02)

Frequency of practicing technical exercises 0.02 (.92)
Never 2 (7%)
Seldom 3 (10%)
Sometimes 5 (17%)
Often 11 (37%)
Very often 9 (30%)

Attitude toward practiceb �0.27 (.15)
Sometimes likes to practice 8 (27%)
Often likes to practice 19 (63%)
Always likes to practice 3 (10%)

Frequency of parental involvement in practice �0.18 (.34)
Never 4 (13%)
Seldom 5 (17%)
Sometimes 6 (20%)
Often 11 (37%)
Very often 4 (13%)

Parents play the piano
No 18 (60%)
Yes (one parentc) 12 (40%)

Attitude toward musicd �0.33 (.07)
Somewhat likes 2 (7%)
Likes 9 (30%)
Likes very much 19 (63%)

Frequency of attending classical music concerts �0.44 (.01)
Never 3 (10%)
Less than once a year 6 (20%)
A few times a year 11 (37%)
Once every few months 9 (30%)
Once a month or more 1 (3%)

Enjoyment of artrel
e,f 0.91 (0.83,1.36) 0.20 (.32)

IQR = Inter-Quartile Range.
a Correlation of participant characteristic with MIOI.
b No participants reported never or seldom liking to practice.
c No participants reported that both parents play the piano.
d No participants reported enjoying music not at all or not much.
e Four values missing.
f Enjoyment was rated on a scale of 1–5 (1 represents the highest level of enjoyment), and scores were normalized by

dividing the score by the mean score for all school subjects to yield a relative (rel) enjoyment value.
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demographics, total length of time playing the piano, practice characteristics, attitudes toward music
and practice, and the environment of music and practice, including attitudes toward school subjects.

To assess total life practice times, participants were asked to indicate the amount of average daily
practice time for different age segments (each of two years’ duration) since the start of piano playing.
Total life practice times were calculated by summing total practice durations during these age seg-
ments. Interviews have previously been shown to be a reliable method for the calculation of cumula-
tive practice time. Lehmann & Ericsson compared retrospective estimates of cumulative practice time
with cumulative practice time from participants’ practice diaries and found an estimation error of
10–15% (Lehmann & Ericsson, 1998). Bengtsson et al. found a high test–retest reliability for the
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assessment of practice times in professional pianists using interviews; for interviews conducted at
baseline and one year later, reliability coefficients of childhood, adolescent, and adult reported prac-
tice times were 0.81, 0.86, and 0.95, respectively (Bengtsson et al., 2005).

Responses to questions addressing attitudes (e.g., attitude toward practice) were assessed using 5-
point Likert scales. For questions addressing enjoyment of school subjects (e.g., visual arts, mathemat-
ics, sports), children rated their enjoyment using a scale of 1–5 (where 1 represents the highest level of
enjoyment). Non-musical and non-artistic school subjects were assessed to allow for normalization of
ratings: scores were normalized by dividing the score by the mean score for all school subjects to yield
a relative enjoyment value.

2.3. Assessment of temporal unevenness in scale playing using MIDI-based scale analysis

The procedure of scale playing and analysis of temporal unevenness was performed according to a
previously published protocol (Jabusch et al., 2004). Scales were performed on a digital piano (Kawai
MP 9000) that was connected to a computer, and performances were recorded and converted to MIDI-
files using commercially available music editing software (Musicator Win, v. 2.12). Sequences of
10–15 C major scales were played over two octaves (range: C3-C5) in both directions, inward and out-
ward, with each hand separately. Participants were asked to play in legato-style. Fingering was
according to the regular C major fingering: 1, 2, 3, 1, 2, 3, 4, 1, 2, 3, 1, 2, 3, 4, 5 (fingers 1–5 refer to
thumb, index, middle, ring, and little finger, respectively). The tempo was standardized and paced
by a metronome (80 beats per minute, two notes per beat, resulting in desired inter-onset intervals
of 375 ms). Inter-onset intervals for all individual notes of the scales, except the very last note of each
scale (upward note c2, downward note c), were analyzed using researcher-developed software. The
standard deviation of inter-onset intervals represents the temporary unevenness of key strokes and
was previously reported to be a precise indicator of pianists’ motor control as well as its impairment
in pianists with movement disorders (Jabusch et al., 2004). Scale analysis was performed for each hand
and in both directions separately. Median standard deviations of inter-onset intervals (medsdIOI)
were calculated for all scales of each hand and playing direction. To assess participants’ scale playing
performance, regardless of their handedness, we collapsed performance data of both hands and both
playing directions using protocols analogous to those previously reported (Jabusch et al., 2009; van
Vugt, Treutler, Altenmüller, & Jabusch, 2013b). The median of the medsdIOI values of both hands
and playing directions (MIOI) indicated the overall temporal unevenness of note onsets for each par-
ticipant. A low MIOI score corresponds to a low level of temporal unevenness in scales (greater fine
motor precision), while a high score denotes a high level of temporal unevenness between the notes
of the scales (lesser fine motor precision).

2.4. Statistical analyses

Descriptive statistics were used to summarize biographical characteristics. Spearman rank correla-
tion coefficients were calculated to assess correlations between biographical variables and MIOI val-
ues. The Shapiro–Wilk test indicated that age, attitude toward practicing, total years of piano playing,
parental involvement in practice, frequency of attending classical music concerts, and MIOI were nor-
mally distributed. Other variables were not normally distributed. For consistency, we used Spearman
rank correlations.

Multivariable linear regression was used to estimate adjusted associations of biographical variables
with MIOI. Questionnaire variables that were hypothesized to be associated with MIOI based on the
theoretical framework described above and on previously reported factors that were found to be
related to musical achievement in general, as well as relevant potential confounders, were selected
a priori as variables to include in the linear regression model. Variables included in the regression
model, and total life practice hours, are shown in Table 1. We included gender in the regression model,
but we did not adjust for age, as age was strongly correlated with total years of piano playing [Spear-
man’s q(28) = 0.73, p < .001]. The variable attitude toward music, which was not significantly corre-
lated with enjoyment of the school subject music, was included in the regression model. The
relative rating for the enjoyment of the school subject music was not included in the regression model
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because it exhibited a borderline correlation with that of the enjoyment of the school subject art
[Spearman’s q(26) = �0.34, p = .09], indicating that pupils with greater enjoyment of the school sub-
ject art relative to other subjects tended to have lesser enjoyment of the school subject music. The rel-
ative rating for the enjoyment of the school subject music also exhibited a borderline correlation with
the frequency of parental supervised practice [Spearman’s q(28) = �0.32, p = .09], indicating that
pupils with greater enjoyment of the school subject music relative to other subjects tended to have
more frequent parental supervision of practice.

Years playing the piano and relative enjoyment of visual arts as a school subject were coded as con-
tinuous variables in the multivariable regression model. Variables for which bivariate descriptive anal-
yses suggested an approximate linear relationship with MIOI, and an underlying interval scale could
be reasonably assumed, were coded as continuous variables (frequency of parental involvement in
practice, attitude toward practice, frequency of attending classical music concerts). Other variables
were coded as categorical variables (gender, frequency of technical practice, whether parents play
the piano, attitude toward music). p-values less than .05 were considered statistically significant.
All analyses were performed using STATA 11 (StataCorp. College Station, TX).
3. Results

3.1. Reliability of performance values in children pianists

To assess the reliability of the performance parameter (MIOI) in children pianist participants, we
divided all recorded MIDI data into two groups. Recordings with even numbers of scales were divided
half. In recordings with uneven numbers of scales, the scale in the middle position of the recording
was included in the first group. We calculated the MIOI values of the first (MIOI-1) and second group
of scales (MIOI-2) played by each child. The intraclass correlation for MIOI-1 and MIOI-2 values was
0.91, indicating that scale playing performance values were highly consistent throughout the
performances.
3.2. Scale playing performance (MIOI) and correlations with participant characteristics

The median MIOI was 19.19 ms (IQR 17.54–22.39). Correlations between independent variables
and MIOI are shown in Table 1. There was no significant correlation of MIOI with age
[q(28) = �0.24, p = .20]. There was also no significant difference in MIOI for boys (M = 20.77,
SD = 3.61 ms) and girls (M = 19.63, SD = 3.09 ms), t(11.9) = 0.79, p = .45, d = 0.34. A lower MIOI score
(greater fine motor precision) was significantly correlated with increased years playing the piano
and with increased total life practice hours as well as with increased frequency of attending classical
music concerts. There was a borderline correlation between lower MIOI scores and more favorable
attitudes toward music.
3.3. Associations of participant characteristics with MIOI in the multivariable linear regression model

Results of the linear regression analysis are shown in Table 2. There was a decrease in mean MIOI of
0.81 ms for every additional year of piano playing (95% CI �1.44, �0.17). A higher frequency of paren-
tal involvement in the child’s practice was associated with better (lower) MIOI scores (b = �1.19; 95%
CI �2.02, �0.36). Increasing enjoyment of practice was associated with better (lower) MIOI scores
(b = �2.09; 95% CI �3.77, �0.41), and more frequent practice of technical exercise was associated with
better MIOI scores [F(4,12) = 4.61, p = .02]. More enjoyment of the school subject art (greater values of
enjoyment of art correspond to less enjoyment) was strongly associated with better MIOI scores
(b = 3.58; 95% CI 1.08, 6.09). The R2 and adjusted R2 for the multivariable linear regression model were
.86 and .72, respectively.



Table 2
Participant characteristics in the multivariable linear regression model of MIOI (N = 26a).

Participant characteristic b Coefficient (95% CI)b p-value

Gender (ref. male) 0.32 (�2.07,2.72) .77
Female

Total years playing the piano �0.81 (�1.44,�0.17) .02
Frequency of practicing technical exercises (ref. never) .02

Seldom 6.31 (�1.48, 14.10)
Sometimes 1.64 (�4.66,v7.95)
Often �0.60 (�7.45,6.25)
Very often �0.33 (�6.78,6.13)

Attitude toward practice �2.09 (�3.77,�0.41) .02
Frequency of parental involvement in practice �1.19 (�2.02,�0.36) .01
Parents play the piano (ref. no)

Yes (one parent) �0.92 (�3.26,1.42) .41
Attitude toward music (ref. somewhat likes)

Likes �3.59 (�8.75,1.56) .15
Likes very much �4.35 (�9.17,0.47)

Frequency of attending classical music concerts 0.21 (�1.04,1.47) .72
Enjoyment of artrel

c 3.58 (1.08,6.09) .01

CI = Confidence Interval.
a Four unique values missing (4 enjoyment of art).
b b coefficient of participant characteristic in multivariable linear regression model of MIOI, adjusted for all other variables in

the Table. For categorical variables, the b coefficient represents the mean change in MIOI compared to the reference category.
c Enjoyment was rated on a scale of 1–5 (1 represents the highest level of enjoyment), and scores were normalized by

dividing the score by the mean score for all school subjects to yield a relative (rel) enjoyment value.
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4. Discussion

In this study of biographical and behavioral factors associated with children pianists’ motor skills, a
higher number of years spent at the instrument, environmental factors (e.g., more frequent parental
involvement in the child’s practice), and intrapersonal factors (e.g., greater enjoyment of art, positive
attitude towards practice) were associated with better temporal fine motor precision. These findings
are consistent with previous reports of factors associated with musical performance achievement.
However, to our knowledge, this is one of the first studies to use an objective measure of a musi-
cally-relevant motor task to evaluate motor skills and associated factors in children.

Age and gender were not significantly associated with fine motor precision in our study. The chil-
dren in our study were older (aged 8–17, median age 13) than children in previous studies that have
examined the relationship between age, gender, and motor performance. Frewen reported increased
keyboard performance accuracy with increased grade level in children in kindergarten through fourth
grade (approximately 9 years of age) (Frewen, 2009). In a study of children aged 7–11, decreased piano
performance accuracy was associated with younger age and male gender, and this finding was
hypothesized to relate to aspects of early motor development (Brotz, 1992). However, our findings
suggest that for slightly older children, such as those in our study, age and gender are not related
to music-related motor performance.

We observed an association of better temporal motor precision with a higher total number of years
playing the piano and with a higher number of total life practice hours in the correlation analysis. Fur-
thermore, the number of years at the piano appeared to be significantly related to temporal precision
in the regression model. In our study, there was also a strong correlation between total life practice
time and total years playing the piano. These observations are in keeping with McPherson’s and Willi-
amon’s model of skill development through practice over a long period of time and with previous
studies that have related the number of years of practice with instrumental achievement
(McPherson, 2005; Sloboda & Howe, 1991). This concept is also supported by studies in other domains,
ranging from chess players to sports professionals (Charness, Krampe, & Mayr, 1996; Ericsson et al.,
1993).
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Higher frequency of practicing technical exercises was correlated with better temporal motor pre-
cision, and this variable was a significant predictor of temporal motor precision in the regression anal-
ysis. Technical exercises can be classified as a type of deliberate practice, as defined by Ericsson et al.,
and deliberate practice has been reported to be associated with greater expert musical performance
achievement (Ericsson et al., 1993). The frequency of technical practice has been reported to contrib-
ute to musical performance achievement in children in previous reports (McPherson, 2005; Sloboda &
Howe, 1991). A willingness to practice difficult exercises may be categorized as an intrapersonal cat-
alyst of musical skill development in McPherson’s and Williamon’s model (McPherson & Williamon,
2006). This motivational factor, together with a positive attitude toward practice, is likely related to
more frequent practice of technical exercises.

There was a significant association between a more positive attitude toward practice and better
motor performance in the regression analysis. A more positive attitude toward practice is an indicator
of intrinsic motivation. Children who reported enjoyment of their practice may be more likely to
engage, over time, in the kind practice that is widely thought of as being an essential part of musician-
ship and effective learning. According to Ericsson et al., deliberate practice is comparatively low in
inherent enjoyment (Ericsson et al., 1993). Lehmann reported that musicians’ subjective enjoyment
levels of the different practice-related activities were different; for example, the study of new reper-
toire was regarded as more enjoyable than problem spot practice (Lehmann, 2002). It is possible that
high enjoyment ratings for musical practice in general help children to overcome less enjoyable
moments during practice (Austin, Renwick, & McPherson, 2006).

Lehmann argues that quality and quantity of practice, rather than innate talent, largely explains
individual differences in performance in non-experts (Lehmann, 1997). In McPherson’s and Willi-
amon’s model, natural abilities are characterized as genetic in origin and could manifest as multiple
family members who have gravitated toward piano playing and developed superior musical skills.
We did not find a significant relationship between parents playing the piano and better temporal
motor precision. Although we have no information about the innate talent of participants, our finding
is consistent with Lehmann’s argument.

The correlation between practice time and performance in our study was stronger than correlations
reported in certain prior studies of non-experts (Lehmann, 1997). Further, in a previous study in chil-
dren, aspects of effective practice, including self-regulation, were reported to be low (McPherson &
Renwick, 2001). The stronger correlation between practice time and performance observed in our
study may be explained by greater proportions of effective practice time exhibited by children in
our study compared to the general population of piano-playing children. Two-thirds of children in
our study reported practicing technical exercises often or very often. Half of participants reported
parental involvement in practice, which may enhance the effectiveness of practice (Lehmann, 1997).

More frequent parental involvement in the child’s practice was associated with better motor per-
formance. Studies have consistently shown that various forms of parental support or encouragement
are associated with a greater likelihood of musical achievement in children (Davidson et al., 1996;
O’Neill, 1997; Sloboda & Howe, 1991; Sosniak, 1985). Family involvement in practice, and support
for attending classical music concerts, may serve as environmental catalysts for musical skill develop-
ment, according to McPherson’s and Williamon’s model (McPherson & Williamon, 2006). Sloboda et al.
emphasized the importance of the development of extrinsic motivation, which includes parental
involvement, into intrinsic self-motivation by the early teenage years as a prerequisite to sustain
the commitment required to persist with musical instrument learning (Sloboda & Davidson, 1996).
Further study is needed to determine whether children with better motor performance at early ages,
which may reflect successful extrinsic motivation, go on to develop strong intrinsic self-motivation
and persistence with musical instrument learning.

Our results suggest that factors that may influence intrinsic motivation, such as attending classical
music concerts or general enjoyment of the arts, are associated with motor performance. These factors
may also be characterized as intrapersonal catalysts of musical skill development per McPherson’s and
Williamon’s model (McPherson & Williamon, 2006). Intrinsic motivation has been described by Erics-
son et al. as a key component of deliberate practice (Ericsson et al., 1993). In addition, audiovisual per-
ception in the live experience of classical music concerts may facilitate the acquisition of music by
observation and imitation through the previously described observation–execution system that links



J.T. Spector et al. / Human Movement Science 37 (2014) 157–166 165
visual and auditory perception to motor performance (Haslinger et al., 2005). Artistic disposition in a
child might determine the extent of creativity and imagination brought to the practice of their instru-
ment. An artistic disposition, as well as enjoyment of practice, may therefore positively affect a child’s
likelihood of engaging in deliberate practice.

4.1. Strengths and Limitations

Strengths of this study include the use of an objective, validated measure of motor performance
that is relevant in the musical setting. This study also has several important limitations. First, the
study is relatively small in size, and a lack of statistical significance in some of the effect estimates
in the regression analysis may reflect a lack of study power. This issue may have been exacerbated
by a priori coding of some variables as categorical variables in the regression model. These results
should be confirmed in a larger study. Second, although a structured questionnaire was used, this
questionnaire has not yet been validated, and the possibility of recall bias is present.
5. Conclusions

Years of piano playing, as well as external and internal motivational factors, were associated with
temporal fine motor precision in children pianists. Although this study focused on a selected music-
relevant motor task, results are consistent with previous studies of factors that influence musical
achievement on the piano. Approaches that encourage and support a child’s motivation to persist in
musical instrument playing may contribute to improved music-related motor performance. Similar
principles may also apply to other motor-intensive activities.

Acknowledgements

The authors would like to express their appreciation to all participating piano students and to the
piano faculty of the Musikschule Hannover and the Hannover University of Music, Drama and Media
for their kind support.

References

Austin, J., Renwick, J., & McPherson, G. E. (2006). Developing motivation. In G. E. McPherson (Ed.), The child as musician: A
handbook of musical development (pp. 213–238). Oxford, UK: Oxford University Press.

Bengtsson, S. L., Nagy, Z., Skare, S., Forsman, L., Forssberg, H., & Ullén, F. (2005). Extensive piano practicing has regionally specific
effects on white matter development. Nature Neuroscience, 8, 1148–1150.

Breithaupt, R. M. (1912). Die natürliche Klaviertechnik, Vol. I: Handbuch der modernen Methodik und Spielpraxis (3rd ed.). Leipzig:
C. F. Kahnt Nachfolger.

Brotz, T. (1992). Key-finding, fingering, and timing in piano performance of children. Psychology of Music, 20, 42–56.
Charness, N., Krampe, R. T., & Mayr, U. (1996). The role of practice and coaching in entrepreneurial skill domains: An

international comparison of life-span chess skill acquisition. In K. A. Ericsson (Ed.), The road to excellence: The acquisition of
expert performance in the arts and sciences, sports and games (pp. 51–80). Mahwah, NJ: Erlbaum.

Davidson, L. W., Howe, M. J. A., Moore, D. G., & Sloboda, J. A. (1996). The role of parental influences in the development of
musical performance. British Journal of Developmental Psychology, 14, 399–412. Retrieved from http://cat.inist.fr/
?aModele=afficheN&cpsidt=2484083.

Dichler, J. (1948). Der Weg zum künstlerischen Klavierspiel. Wien: Doblinger.
Ericsson, K. A., Krampe, R. T., & Tesch-Römer, C. (1993). The role of deliberate practice in the acquisition of expert performance.

Psychological Review, 100, 363–406. Retrieved from http://www.definingsomeday.com/wp-content/uploads/2010/05/
EricssonDeliberatePracticePR93.pdf.

Frewen, K. (2009). Effects of familiarity with a melody prior to instruction on children’s piano performance accuracy. Journal of
Research in Music Education, 57, 320–333.

Gagne, F. (2003). Transforming gifts into talents: The DMGT as a developmental theory. In N. Colangelo & G. A. Davis (Eds.),
Handbook of gifted education (3rd ed., pp. 60–74). Boston, MA: Allyn and Bacon.

Haslinger, B., Erhard, P., Altenmüller, E., Schroeder, U., Boecker, H., & Ceballos-Baumann, A. O. (2005). Transmodal sensorimotor
networks during action observation in professional pianists. Journal of Cognitive Neuroscience, 17, 282–293.

Howe, M. J. A., Davidson, J. W., Moore, D. G., & Sloboda, J. A. (1995). Are there early childhood signs of musical ability? Psychology
of Music, 23, 162–176.

Jabusch, H.-C., Alpers, H., Kopiez, R., Vauth, H., & Altenmüller, E. (2009). The influence of practice on the development of motor
skills in pianists: A longitudinal study in a selected motor task. Human Movement Science, 28, 74–84.

http://refhub.elsevier.com/S0167-9457(14)00100-6/h0005
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0005
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0010
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0010
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0180
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0180
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0020
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0025
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0025
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0025
http://cat.inist.fr/?aModele=afficheN%26cpsidt=2484083
http://cat.inist.fr/?aModele=afficheN%26cpsidt=2484083
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0035
http://www.definingsomeday.com/wp-content/uploads/2010/05/EricssonDeliberatePracticePR93.pdf
http://www.definingsomeday.com/wp-content/uploads/2010/05/EricssonDeliberatePracticePR93.pdf
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0045
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0045
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0050
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0050
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0055
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0055
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0060
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0060
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0070
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0070


166 J.T. Spector et al. / Human Movement Science 37 (2014) 157–166
Jabusch, H.-C. (2006). Movement analysis in pianists. In E. Altenmüller, J. Kesselring, & M. Wiesendanger (Eds.), Music, motor
control and the brain (pp. 91–108). New York, NY: Oxford University Press Inc.

Jabusch, H.-C., Yong, R., & Altenmüller, E. (2007). Biographical predictors of music-related motor skills in children pianists. In
A. Williamon & D. Coimbra (Eds.), Proceedings of the International Symposium on Performance Science 2007 (pp. 363–368).
Utrecht: European Association of Conservatoires (AEC).

Jabusch, H.-C., Vauth, H., & Altenmüller, E. (2004). Quantification of focal dystonia in pianists using scale analysis. Movement
Disorders, 19, 171–180.

Kopiez, R. (2006). Classification of high and low achievers in a music sight-reading task. Psychology of Music, 34, 5–26.
Kopiez, R. (2004). Virtuosität als Ergebnis psychomotorischer Optimierung [Virtuosity as a result of psychomotor optimization].

In H. von Loesch, U. Mahlert, & P. Rummenhöller (Eds.), Musikalische Virtuosität [Musical virtuosity] (pp. 205–231). Mainz,
Germany: Schott.

Krampe, R. T., & Ericsson, K. A. (1996). Maintaining excellence: Deliberate practice and elite performance in young and older
pianists. Journal of Experimental Psychology, 125, 331–359. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/8945787.

Lehmann, A. C. (1997). The acquisition of expertise in music: Efficiency of deliberate practice as a moderating variable in
accounting for sub-expert performance. In I. Deliege & J. A. Sloboda (Eds.), Perception and cognition of music (pp. 161–187).
London, UK: Taylor & Francis.

Lehmann, A. C., & Ericsson, K. A. (1993). Sight-reading ability of expert pianists in the context of piano accompanying.
Psychomusicology, 12, 182–195. Retrieved from http://psycnet.apa.org/?&fa=main.doiLanding&uid=1996-25225-001.

Lehmann, A. C., & Ericsson, K. A. (1998). Preparation of a public piano performance the relation between practice and
performance. Musicae Scientiae, 2, 67–94.

Lehmann, A. C. (2002). Effort and enjoyment in deliberate practice: A research note. In I. M. Hanken, S. G. Nielsen, & M. Nerland
(Eds.), Research in and for music education (pp. 153–166). Oslo, Norway: Norwegian Academy of Music.

McPherson, G. E. (2005). From child to musician: Skill development during the beginning stages of learning an instrument.
Psychology of Music, 33, 5–35.

McPherson, G. E. (2009). The role of parents in children’s musical development. Psychology of Music, 37, 91–110.
McPherson, G. E., & Renwick, J. M. (2001). A longitudinal study of self-regulation in children’s musical practice. Music Education

Research, 3, 169–186.
McPherson, G. E., & Williamon, A. (2006). Giftedness and talent. In G. E. McPherson (Ed.), The child as musician: A handbook of

musical development (pp. 239–256). Oxford, UK: Oxford University Press.
Neuhaus, H. (1993). The art of piano playing. London: Kahn & Averill.
O’Neill, S. A. (1997). The role of practice in children’s early musical performance achievement. In H. Jorgensen & A. C. Lehmann

(Eds.), Does practice make perfect? (pp 53–70). Oslo, Norway: Norges musikkhøgskole.
Sloboda, J. A., & Davidson, J. W. (1996). The young performing musician. In L. Deliege & J. A. Sloboda (Eds.), Musical beginnings:

The origins and development of musical competence (pp. 171–190). Oxford, UK: Oxford University Press.
Sloboda, J. A., & Howe, M. J. A. (1991). Biographical precursors of musical excellence: An interview study. Psychology of Music, 19,

3–21.
Sosniak, L. A. (1985). Learning to be a concert pianist. In B. S. Bloom (Ed.), Developing talent in young people (pp. 19–67). New

York, NY: Ballantine.
van Vugt, F. T., Jabusch, H.-C., & Altenmüller, E. (2013a). Individuality that is unheard of: Systematic temporal deviations in scale

playing leave an inaudible pianistic fingerprint. Frontiers in Psychology, 4, 134.
van Vugt, F. T., Treutler, K., Altenmüller, E., & Jabusch, H.-C. (2013b). The influence of chronotype on making music: Circadian

fluctuations in pianists’ fine motor skills. Frontiers in Human Neuroscience, 7, 347.
Williamon, A., & Valentine, E. (2000). Quantity and quality of musical practice as predictors of performance quality. British

Journal of Psychology, 91, 353–376. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/10958579.

http://refhub.elsevier.com/S0167-9457(14)00100-6/h0065
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0065
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0075
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0075
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0090
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0085
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0085
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0085
http://www.ncbi.nlm.nih.gov/pubmed/8945787
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0100
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0100
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0100
http://psycnet.apa.org/?%26fa=main.doiLanding%26uid=1996-25225-001
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0115
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0115
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0105
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0105
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0120
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0120
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0125
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0130
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0130
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0135
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0135
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0140
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0145
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0145
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0150
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0150
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0155
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0155
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0160
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0160
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0165
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0165
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0170
http://refhub.elsevier.com/S0167-9457(14)00100-6/h0170
http://www.ncbi.nlm.nih.gov/pubmed/10958579

	Biographic and behavioral factors are associated with music-related motor skills in children pianists
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Assessment of biographical factors
	2.3 Assessment of temporal unevenness in scale playing using MIDI-based scale analysis
	2.4 Statistical analyses

	3 Results
	3.1 Reliability of performance values in children pianists
	3.2 Scale playing performance (MIOI) and correlations with participant characteristics
	3.3 Associations of participant characteristics with MIOI in the multivariable linear regression model

	4 Discussion
	4.1 Strengths and Limitations

	5 Conclusions
	Acknowledgements
	References


