Journal of Electromyography and Kinesiology 25 (2015) 540–547

Contents lists available at ScienceDirect

Journal of Electromyography and Kinesiology
journal homepage: www.elsevier.com/locate/jelekin

Differences in muscle activity patterns and graphical product quality in
children copying and tracing activities on horizontal or vertical surfaces
Sigal Portnoy a,⇑, Limor Rosenberg a, Tal Alazraki a, Esti Elyakim a, Jason Friedman b
a
b

Department of Occupational Therapy, Tel Aviv University, Tel Aviv, Israel
Department of Physical Therapy, Tel Aviv University, Tel Aviv, Israel

a r t i c l e

i n f o

Article history:
Received 26 October 2014
Received in revised form 27 January 2015
Accepted 31 January 2015

Keywords:
Motor equivalence
Electromyography
Tablet
Occupational therapy
Muscle fatigue
Motor control

a b s t r a c t
The observation that a given task, e.g. producing a signature, looks similar when created by different
motor commands and different muscles groups is known as motor equivalence. Relatively little data
exists regarding the characteristics of motor equivalence in children. In this study, we compared the level
of performance when performing a tracing task and copying ﬁgures in two common postures: while sitting at a desk and while standing in front of a wall, among preschool children. In addition, we compared
muscle activity patterns in both postures. Speciﬁcally, we compared the movements of 35 ﬁve- to sixyear old children, recording the same movements of copying ﬁgures and path tracing on an electronic
tablet in both a horizontal orientation, while sitting, and a vertical orientation, while standing. Different
muscle activation patterns were observed between the postures, however no signiﬁcant difference in the
performance level was found, providing evidence of motor equivalence at this young age. The study presents a straightforward method of assessing motor equivalence that can be extended to other stages of
development as well as motor disorders.
Ó 2015 Elsevier Ltd. All rights reserved.

1. Introduction
Motor equivalence is the similarity of movements produced by
different sets of motor commands, utilizing different muscle
groups (Sporns and Edelman, 1993; Wing, 2000), for example,
when signing one’s name on a piece of paper or signing it in larger
letters, on a blackboard (Merton, 1972). Although different muscles
are used to produce the two movements, the graphical product has
been found to be similar. This is considered natural in adults; however, motor coordination develops gradually during childhood, as
variations in neural and biomechanical structures evolve in the
child (Sporns and Edelman, 1993). There is a scarcity of studies that
investigate the characteristics of motor equivalence in children. An
early study comparing speech-motor equivalence in children,
adults and elderly individuals showed that young children and
elderly individuals have a similar muscle activity pattern, which
differs from that of adults, and which consequently results in alterations of rate and precision of speech (Rastatter et al., 1987). However, the effect of using different muscles to obtain a similar
graphical goal in children, e.g. copying a circle, has yet to be inves⇑ Corresponding author at: Occupational Therapy Dept., School of Health
Professions, Faculty of Medicine, Tel Aviv University, Ramat-Aviv, Tel-Aviv
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E-mail address: portnoys@post.tau.ac.il (S. Portnoy).
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tigated. The instruction for children to produce graphic products
under different conditions, e.g. using different tools or inclined surfaces, is a common activity in kindergartens and schools. Also, children having difﬁculties in acquiring graphomotor skills are
instructed by occupational therapists to draw on a vertical surface
(Amundson, 1992; Judge, 2006), under the unsubstantiated
assumption that in this position, the wrist is ﬁxated in a functional
drawing position and that shoulder stability is practiced (Benbow,
1995).
Motor equivalence is related to the notion of context-conditioned variability (Turvey et al., 1982). Even when repeating the
same task in the same posture, the precise context (e.g. posture,
muscle activations, fatigue) is always different between repetitions. These differences mean that the solution for performing
the same task also must differ between repetitions. The observation that we produce similar outputs (e.g. when drawing) despite
these differences in context implies that the motor programs we
use are unlikely to take the form of the muscle contractions necessary to perform a task. Rather, at the muscle and joint level we
expect to see signiﬁcant variability in performance due to these
differences in context. In a well-tuned system, we expect that this
variability in muscle activations will not, however, lead to signiﬁcant differences in task performance.
Movements produced in different planes (i.e. horizontally and
vertically) are subject to different constraints. For example,
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movements in the vertical plane must deal with the effect of gravity which may modify the dynamics of the movement (Atkeson and
Hollerbach, 1985). Further, this posture of the hand is related to
proximal motor function, i.e. the shoulder and upper arm, rather
than distal motor function, i.e., the wrist and ﬁngers. Proximal
function has been considered to be a prerequisite for distal function and manipulative hand use (Heriza, 1991), although empirical
ﬁndings revealed that these two systems might be independent of
each other, and relate to different types of control (NaiderSteinhart and Katz-Leurer, 2007). Although clinical experience
has implied positive outcomes on grasp when using the upright
position of the hand while working on a vertical surface, few
empirical studies support this premise. For example, a study with
2-year old infants given a crayon, a pencil, or a marker found that
only for the crayon, a more mature grasp was used with an upright
easel rather than drawing ﬂat on the table (Yakimishyn and MagillEvans, 2002), although the level of performance was not evaluated
in their study. The lack of studies in this area led us to examine
how performance differs between similar tasks performed by children on different surfaces with different body postures.
The objectives of this study were ﬁrstly to assess the level of
performance of a tracing task and a copying ﬁgures task in two
common postures, while sitting at a desk and while standing in
front of a wall, among preschool children. By comparing muscles
activity patterns, we can conﬁrm that the tasks are performed differently in the two postures. Based on our knowledge of motor
equivalence, we predicted that the level of performance in both
cases would be similar. Despite this, we expected that the proximal
muscles will be more activated and fatigued (in longer tasks) while
drawing on the vertical surface in a standing position.
2. Methods
2.1. Study design
This was a repeated-measures study, with the inclination of the
surface as the independent variable.
2.2. Participants
Thirty ﬁve right-hand dominant healthy children (17 boys, 18
girls; mean and SD age of 5.9 ± 0.4 years) participated in this study.
Inclusion criteria were healthy ﬁve- to six-year old children. Exclusion criteria were any orthopedic or neurologic impairment, visual
impairment that could not be corrected with glasses, or ability to
understand and follow simple instructions, reported by the parents. All participants were enrolled in fulltime preschool programs
and recruited through personal contact and snowball sampling.
The study was approved by the Occupational Therapy Department
Ethics Committee at the research facility.
2.3. Research tools and protocol
The parents signed an informed consent form and each subject
was administered the long form Beery-Buktenica Developmental
Test of Visual-Motor Integration (Beery VMI), frequently administered during visual perceptual evaluations (Beery, 1997), during
which the subject copies basic shapes. The subjects were divided
into two groups, matched according to the percentile ranks of this
test (mean and SD: Group 1: 59.6 ± 22.4, group 2: 60.9 ± 22.4;
p = 0.63). A repeated measure design with counter-balanced order
of two conditions was used, with half the participants ﬁrst tested
with the horizontal orientation and then the vertical orientation
and the other half tested in the reverse order, to eliminate the
effect of learning.
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Parts of the Fine Manual Control subtest of the Bruininks-Oseretsky Test of Motor Proﬁciency (BOT2) (Deitz et al., 2007) were
recorded with a digital tablet (Samsung Galaxy Note 10.1 GTN8010) using an 11.5 cm long stylus provided with the tablet. This
tablet has a built-in Wacom digitizer, with a manufacturer speciﬁed resolution of 0.01 mm. Speciﬁcally, the subjects had to copy
four shapes (circle, square, star and wave); and complete two path
tracing tasks between two lines (broken or curved paths) – see
Fig. 3 for the stimuli. The location of the tip of the stylus on the
tablet was recorded at 125 Hz (determined based on the collected
data) using custom Android software (available by request from
the corresponding author), and was analyzed using custom code
(Matlab R2012b, MathWorks, Natick, MA, USA). The raw data were
ﬁltered using a 2nd order two-way low-pass Butterworth ﬁlter (i.e.
effectively a 4th order ﬁlter), with a cut-off of 5 Hz. The tablet was
set in a wooden frame (Fig. 1), to allow the height of the tablet and
frame to be equal. A stand was built to hold the frame in a vertical
position, when required and clips were used to secure the tablet
when positioned vertically.
A telemetric surface electromyography (sEMG) system (Myon
RFTD, Myon AG, CH) with a ﬂoating ground and pairs of bipolar
Ag/AgCl surface electrodes (Ambu Blue Sensor N-Electrodes, Denmark) was used to measure activity of the upper trapezius (UT),
biceps brachii (BB), and extensor carpi radialis (ECR), chosen for
their major role during ﬁne dexterity tasks (Linderman et al.,
2009; Sporrong et al., 1998). Skin preparation and electrode placement were done according to the sEMG for a non-invasive assessment of muscles (SENIAM) guidelines (Hermens et al., 2000). The
electrodes were placed parallel to the general axis of the muscle
ﬁbers, with a center-to-center inter-electrode constant distance
of 20 mm and remained on the skin throughout the duration of
the trial. The system comprises of analogue differential ampliﬁers
and the sEMG signals were ampliﬁed no further than 10 cm from
the recording site. Data were collected at a sampling rate of
1000 Hz and bandpass ﬁltered (dual-pass 2nd order Butterworth,
10–500 Hz). Data were acquired and analyzed using custom code
(LabView V12, National Instruments, Austin, TX, USA). In order to
permit amplitude normalization of sEMG data, the subjects performed several maximum isometric voluntary contractions (MVCs)
for ﬁve seconds for each of the monitored muscles (Burden, 2010;
Frost et al., 2012). Recording was initiated following explanation
and practice by the subject. The signals were displayed on the computer while acquiring the MVC data in order to provide biofeedback to the subject to elicit a maximal contraction. Further,
verbal encouragement was provided by the researcher.
Each subject was asked to copy the four shapes and perform the
path tracing tasks twice: once when the tablet was positioned
horizontally on the table, during which the subject was seated on
a chair, ﬁtted to his or her height. The subject was able to rest
the elbow or wrist on the table, but no verbal instruction was provided so that each subject performed the task at his or her on convenience. Each subject repeated the task when the tablet was
positioned vertically, and the subject stood in front of it (the center
of the tablet was positioned in front of the midline of the subject
and the subject was asked to stand at a comfortable distance).
The task under each condition, horizontal or vertical, lasted
approximately two to three minutes and the subjects were
instructed to sit and rest their arm while the tablet was arranged
for the following setup.
2.4. Post analysis
2.4.1. Graphical product quality
As the tablet only records when the stylus touches the tablet,
movement start and end were determined from the ﬁrst and last
time the stylus touched the tablet. The movement time was
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Fig. 1. Experimental setup. The subjects performed the same 6 tasks in the two conﬁgurations, with the tablet either oriented (a) horizontally or (b) vertically.

computed as the amount of time the stylus contacted the surface of
the tablet. The total number of acceleration zero-crossings in both
the x (left–right) and y (front-back or up-down) directions (which
correspond to peaks or troughs in the velocity signal) was computed for each drawing, as a measure of the ﬂuency of the drawing.
Zero crossings that occurred less than 100 ms after the previous
zero crossing were assumed to be spurious and were not included
in the count.
For the four copying tasks, the closest ideal curve was found,
deﬁned as the having the same shape as the prototype being copied, but potentially with a different scale (i.e. larger or smaller) and
shift in location (relative to the bounding box). This ideal curve was
found by varying the scale and location parameters to minimize
the sum of the squared distance between the curve drawn (e.g.
the dashed line in Fig. 2) and the ideal curve (e.g. the dotted curve
in Fig. 2). The minimization was achieved using the simplex algorithm. We note that this is similar to Procrustes analysis, although
we only consider translation and scale errors (and not reﬂection or
rotation). Three measures of shape quality were deﬁned for each
drawing (Fig. 2) – mean error: the mean distance between the
drawn shape and the ideal shape; scale: the difference in scale
between the ideal shape and the prototype (1 = same size, 2 = double the size, 0.5 = half the size); shift: the distance in location
between the ideal shape and the prototype. An example for a circle
in shown in Fig. 2. It should be noted that the units for mean error
and shift are cm, while scale is unitless.

Fig. 2. Calculation of the measures quantifying the quality of the reproduction of a
circle. The dashed curve is the shape drawn by the subject. The dotted line is the
best-ﬁt circle. The shift is the distance from the center of the template (solid circle
centered inside a solid square) and the best-ﬁt circle. The scale measure is the ratio
of the radius of the best-ﬁt circle (r2) relative to the radius of the template (r1). The
mean error is the mean distance from the best-ﬁt circle to the subject’s curve.

For the path tracing task, the percentage of time inside/on the
lines, and outside the lines were calculated, as well as the shortest
distance from a center line.
2.4.2. Motor equivalence
As there is no standard measure of motor equivalence used in
the literature, we deﬁned a measure based on comparing variance
within subjects (between the two postures) with variance between
subjects. If motor equivalence is observed in this population, we
expect that the difference in measures of graphic quality between
the two postures for the same subject would be lower than the difference in graphic quality between the two postures for two randomly selected individuals from the same population. To test
this, we used an approximate permutation test (Nichols and
Holmes, 2002). That is, we randomly shufﬂed 10,000 times the
subject labels and calculated the sum (over tasks) of the mean difference for each measure described above between the two postures, and compared this to the sum of the mean differences for
the correct labeling. A p-value can be computed by calculating
the proportion of randomly labeled trials that have a sum of the
mean differences lower than the correct labeling.
2.4.3. Muscle activity patterns
The MVC value for each muscle was computed as the average of
three peaks of the sEMG data, which differed by no more than 10%
from one another. The mean root mean square (RMS) values of the
sEMG data were normalized by the MVC value for each muscle.
Also, frequency analysis was performed on the EMG data collected during paths trailing, separately for each inclination. Median
power frequency (MDF) was computed following short-time Fourier transform (STFT) spectrogram calculation using a Hanning sliding 500 ms window. Fatigue is associated with a compression of
the power spectral density of the EMG toward the lower frequencies, so that a decrease in MDF corresponds to an increase in fatigue (Alfonsi et al., 1991).
2.4.4. Statistical analysis
Statistical analysis was performed using SPSS (V22, IBM,
Armonk, NY, USA). To test differences between graphical product
quality and muscle activity patterns in each surface orientation,
mixed design MANOVAs were performed separately: We performed a mixed design MANOVA for the copying tasks to test the
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effect of tablet orientation on ﬁve dependent variables (movement
time, shift, scale, mean error and number of acceleration zero
crossings), with two intra-subject variables (object shape and
tablet orientation) and one inter-subject variable (gender). We performed a similar analysis for the path tracing tasks, but with four
dependent variables (movement time, percent time between the
lines, distance from center and number of acceleration zero crossings). We performed a mixed design MANOVA on the muscle activity patterns data, with three dependent variables (the three
muscles), and two intra-subject independent variables (task type,
i.e. path tracing or copying; and tablet orientation) and one
inter-subjects variable (gender). We repeated the MANOVA for
normalized peak values, mean values, and MDF.
For the ANOVAs we tested the assumption of sphericity using
Mauchly’s test of sphericity. We used Greenhouse-Geisser correction when sphericity was violated. A level of P < 0.05 was considered statistically signiﬁcant.

3. Results
3.1. Graphical product quality
An example of performance on the six tasks is depicted in Fig. 3.
The performance measures for the copying tasks are presented in
Fig. 4. The results showed a signiﬁcant main effect of shape
(F(15, 19) = 40.2, p < 0.001) and tablet orientation (F(5, 29) = 2.82,
p = 0.033). There was no main effect for gender, nor any signiﬁcant
interaction. Univariate tests showed a main effect of shape on all
ﬁve variables (movement time: F(1.52, 50.18) = 97.2, p < 0.001;
shift: F(2.13, 70.39) = 29.1, p < 0.001; scale: F(3, 99) = 132.9,
p < 0.001; mean error: F(3, 99) = 87.6, p < 0.001; zero-crossings:
F(3, 99) = 87.6, p < 0.001). Post-hoc pairwise comparisons showed
that for movement time, all shapes were signiﬁcantly different
from each other (circle: 2.4 ± 0.2 s; square: 5.2 ± 0.3 s; wave:
3.9 ± 0.4 s; star: 10.9 ± 0.7 s). For shift, all pairs were signiﬁcantly
different, apart from the circle and the wave (circle:
0.81 ± 0.06 cm; square: 0.54 ± 0.05 cm; wave 1.2 ± 0.1 cm; star:
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1.5 ± 0.1 cm). For scale, all pairs were signiﬁcantly different, apart
from the wave and the star (circle: 0.70 ± 0.02; square:
0.86 ± 0.03; wave 1.26 ± 0.03; star: 1.23 ± 0.03). For mean error,
all pairs were signiﬁcantly different, apart from the circle and the
square (circle: 0.18 ± 0.01 cm; square: 0.20 ± 0.01 cm; wave
0.31 ± 0.01 cm; star: 0.42 ± 0.02 cm). For acceleration zero-crossings, all pairs were signiﬁcantly different (circle: 9.6 ± 0.9; square:
23.5 ± 1.9; wave 16.9 ± 2.0; star: 46.2 ± 4.4). Surface orientation
only had a signiﬁcant effect on movement time (F(1, 34) = 25.68,
p = 0.019), with the movements slower in the horizontal condition
(5.9 ± .4 s) compared to the vertical condition (5.3 ± .3 s), but not
on shift, scale, mean error or zero-crossings.
Performance measures for the path tracing tasks are presented
in Fig. 5. The results showed that there was a main effect only for
shape (F(4, 30) = 109.1, p < 0.001) and again there was no main
effect of gender. Univariate tests showed a signiﬁcant effect on percent between the lines (F(1, 33) = 38.3, p < 0.001), with the broken
line more accurate (97.8 ± 0.4%) than the curved line (87.8 ± 1.9%);
on distance from center (F(1, 33) = 12.2, p = 0.001), with the broken
line closer (0.11 ± 0.02 cm) than the curved line (0.09 ± 0.04 cm).
There was no main effect of shape on movement time or number
of zero crossings. There was also no signiﬁcant main effect of tablet
orientation for the path tracing tasks.
3.2. Motor equivalence
To test for motor equivalence, we compared the variation within a subject between the two orientations, and compared it to the
variation between subjects. We found that for all measures of graphical quality described above, the intra-subject variation was signiﬁcantly lower than the inter-subject variation (p < 0.001).
3.3. Muscle activity patterns
There were no statistically signiﬁcant differences in the normalized peak values of the three muscles. There was, however, for the
mean values a main effect of tablet orientation (F(3, 24) = 9.76,

Fig. 3. Example of performance on the 6 tasks. For the copying tasks (a–d), the drawing produced (dashed line) is shown superimposed on the template (solid line). In the
path tracing tasks (e and f), the solid lines show the boundaries, with the dotted line the performance. During production of the movements, the drawing produced by the
subject was shown as a solid blue line. The distances are all relative to the lower-left corner of the tablet. (For interpretation of the references to colour in this ﬁgure legend,
the reader is referred to the web version of this article.)
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Fig. 4. Performance measures for the copying tasks. The bar graphs show the mean and standard error for copying the four shapes, for the (a) movement time, (b) shift
(distance between center of the drawn shape and the template), (c) scale (ratio of the drawn shape to the template, >1 indicates the drawn shape is larger), (d) mean error
between the best-ﬁt and drawn shapes, (e) number of acceleration zero crossings.

Fig. 5. Performance measures for the path tracing tasks. The bar graphs show the mean and standard error for the two tasks, for the (a) movement time, (b) percent time
within/on the lines, (c) mean distance from the center, (d) number of acceleration zero crossings.

p < 0.001), and interactions of orientation and task type
(F(3, 24) = 5.18, p = 0.007), orientation and gender (F(3, 24) = 5.13,
p = 0.007) and orientation, task and type (F(3, 24) = 4.93,
p = 0.008), shown by the multivariate tests, and as depicted in
Table 1. We followed this up with univariate tests to identify which
muscles showed different patterns.
The normalized mean EMG activity in both the UT and BB were
signiﬁcantly greater in the vertical orientation (UT: median 7.60%;

BB: median 1.67%) compared to the horizontal orientation (UT:
median 6.46%; BB: median 1.48%) (UT: F(1, 27) = 12.15, p = 0.002;
BB: F(1, 27) = 13.19, p = 0.001). There was a signiﬁcant interaction
of orientation and task for all three EMG signals (UT:
F(1, 26) = 7.50, p = 0.011, BB: F(1, 26) = 5.08, p = 0.033, ECR:
F(1, 26) = 7.19, p = 0.013). Post-hoc paired tests showed that only
for the path tracing task the normalized mean EMG activity was
greater in the UT in the vertical orientation (median 7.83%)

Table 1
Median (25th–75th percentiles) of the mean recorded muscle activity normalized by maximal voluntary contraction (MVC) and presented in %MVC, for the three monitored
muscles during shape copying or path tracing in the two inclination conditions. Also, the median (25th–75th percentiles) of the median power frequency (MDF) computed for the
three monitored muscles during path tracing in the two inclination conditions.
Shape copying (%MVC)

UT
BB
ECR

Path tracing (%MVC)

MDF (Hz)

Horizontal

Vertical

Horizontal

Vertical

Horizontal

Vertical

6.55 (4.76–8.84)
1.48 (1.14–2.59)
2.17 (1.68–2.75)

7.41 (5.58–9.69)
1.81 (1.33–3.16)
2.08 (1.44–2.67)

5.87 (3.94–7.97)
1.48 (0.89–2.32)
2.54 (1.69–3.15)

7.83* (5.88–10.27)
1.62 (1.23–3.77)
2.12* (1.612.55)

107.3 (101.8–129.1)
97.0 (90.2–118.0)
159.2 (138.8–171.7)

107.5 (98.6–114.1)
104.0(86.3–122.1)
182.0* (158.5–196.2)

UT = upper trapezius; BB = biceps brachii; ECR = extensor carpi radialis.
*
P < 0.05.
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compared to the horizontal orientation (median 5.87%), while in
the ECR, the opposite pattern was observed (Table 1): greater
EMG activation in the horizontal orientation (median 2.54%) compared to the vertical orientation (median 2.12%) for only the path
tracing task. Normalized mean EMG activity in the BB in the path
tracing task was greater in the vertical orientation (median
1.61%) compared to the horizontal orientation (median 1.50%),
and showed the opposite pattern for the copying task, where the
activity was greater in the horizontal orientation (median 7.14%)
than in the vertical orientation (median 1.94%).
A signiﬁcant interaction was also observed for orientation and
gender for the UT (F(1, 26) = 5.77, p = 0.024) and the BB
(F(1, 26) = 11.0, p = 0.003). Post-hoc tests showed that only for
females the UT activity was higher for the vertical orientation (median 8.74%) compared to the horizontal orientation (median
5.97%). For the BB, the activity was higher for the vertical orientation for both males (median 1.53%) and females (median 3.10%)
compared to the horizontal orientation (males: 1.38%;
females:2.06%), however the difference between orientations was
greater for the females.
A three-way interaction was observed only for the BB
(F(1, 26) = 8.27, p = 0.008). Post-hoc tests showed that this is due
to the higher activity of BB in females for the vertical orientation
in the path tracing task (median 3.15%) compared to the copying
task (2.77%); whereas for the horizontal orientation, and for males
for both orientations, there was higher activity during the copying
task compared to the path-tracing task.
The results of the frequency analysis are presented in Table 1.
The multivariate tests showed a signiﬁcant main effect of tablet
orientation (F(3, 30) = 4.70, p = 0.008). The follow-up univariate
tests showed that there is a main effect of MDF for the ECR, with
the MDF value lower, i.e. greater fatigue, for the horizontal orientation (160 ± 6 Hz) compared to the vertical orientation (177 ± 6 Hz).
No statistical differences were found between the MDF values of
both the UT and the BB, and there was no main effect of gender.

4. Discussion
In this study, we performed a preliminary investigation into the
basic mechanism of motor equivalence in children, during common everyday activities of drawing while sitting at a desk or while
standing near a vertical drawing board. We used objective and precise means to quantify the graphical level of performance and muscle activity patterns to test the hypothesis that the level of
performance in both cases would be similar, although the proximal
muscles would be more activated and fatigued while drawing on
the vertical surface in a standing position.
Our main ﬁndings support our hypothesis, showing differences
in muscle activity patterns with no differences in graphical level of
performance in 35 children drawing on two different conditions:
sitting and drawing on a horizontal surface or standing and drawing on a vertical surface. Speciﬁcally, there was no difference in the
quality of the graphical outcome between the two surface inclinations. In addition, a permutation test showed that the intra-subject
variation in performance of the task for the two postures was signiﬁcantly smaller than the inter-subject performance. This similarity in performance further supports our claim that the graphical
performance in the two postures was similar despite the differences in muscles used.
Motor equivalence in ﬁve-to six- years olds was demonstrated
in this study, as we observed that while the motor strategy differed
between states, as was registered by the EMG, the graphic performance level was maintained. This agrees with previous studies
showing spatial invariance in handwriting quality across different
size ranges and task conditions (Rogers and Bryan, 1996;
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Thomassen and Hans-Leo, 1985). We found that the surface orientation had a signiﬁcant effect on the time it took the subjects to
complete the four shape copying tasks, which was longer when sitting at a desk. However, no difference in duration for completion
was found in the longer path tracing task, analyzed for muscle fatigue. It would be interesting to compare these results with those of
children with DCD, as it was reported that these children tend to
take longer pauses (Prunty et al., 2013, 2014). In this study, during
path tracing on a vertical surface, the normalized mean EMG activity of the UT and BB were signiﬁcantly higher when compared to
the horizontal surface, whereas the normalized mean EMG activity
of the ECR was lower. Also, the signiﬁcantly lower MDF values
found for the ECR muscle during path tracing on the horizontal surface compared to the vertical surface suggests greater fatigue.
These ﬁndings emphasize the different muscles activity patterns
used in each condition. Not surprisingly, the wrist plays an important part in producing graphics on a horizontal surface. Although
we recorded different physical strategies in performing the task
on each inclination, on the cognitive aspect, we assume that a similar motor program was retrieved on both surfaces so that no cognitive surplus was required.
Some gender differences were observed in terms of the EMG
activity, but not for the graphic quality. A previous study looking
at a large number of children found differences in movement time
between males and females when performing tracking, aiming and
tracing tasks with a stylus on a tablet (Flatters et al., 2014a), with
females being faster in the four to ﬁve year old group. This difference in movement time was not observed in this study, although
this may be due to the smaller sample size. In terms of EMG activity, however, a number of differences were observed between the
male and female subjects. These differences were manifested by
a greater variety of EMG activity between tasks and postures for
the female subjects compared to the male subjects, suggesting that
the female subjects showed a wider range of motor strategies for
the different tasks. The implication of these EMG differences in
terms of movement and force production remains an interesting
question for further study.
The main limitation of this study was the differences in postures between the horizontal drawing task, performed while the
subject sat on a chair, and the vertical drawing task, performed
while the subject was standing. This setup was chosen for our
study protocol to best imitate the conditions in classroom or clinical settings. However, while in the sitting position, the subject
may have rested one or both elbows and/or wrists on the table,
thereby supporting the torso and relieving the gravitational workload demands from the proximal muscles. During the standing
task, the child was subjected to various postural demands
(Flatters et al., 2014b) as well as the demand to support the full
weight of the limb, which might have inﬂuence the performance.
Despite these postural differences, there were no signiﬁcant differences in the graphic quality produced in the two different postures.
It would be interesting to further explore how much of the differences in the muscle activation patterns observed in this study
relate to the plane of movement and to what extent do they relate
to the posture of the subjects. Second, the use of the electrodes
taped to the skin might have inﬂuenced the movements of the subjects. In order to minimize this effect, each subject was asked to
move the monitored limb about before recording commenced, in
order to get accustomed to the stickers. Third, the friction properties of a stylus are different from that of a pen on paper (Wann and
Nimmo-Smith, 1991). Last, in the shape copying tasks, the shapes
are viewed from different vantage points. While standing, the
shape was presented directly in front of the subject so that a circle
would have appeared undistorted. However, while seated near a
table, the subject might not have leaned forward to observe the
shape directly from above so that a circle, for example, might have
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slightly been distorted to an ellipse. Despite these potential differences in the observation of the shapes, no differences in graphical
quality were found.
5. Conclusions
In conclusion, the ﬁndings of this study suggest that although
different muscle activation patterns are utilized by the children
while drawing on horizontal and vertical surfaces, motor equivalence is observed, i.e. the graphic product performance level is
maintained. Some gender differences were observed in terms of
EMG activity, which suggest that female children at this age use
a wider variety of muscle strategies. Further studies should explore
the developmental trajectory of motor equivalence, and how it is
affected in children with motor difﬁculties.
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