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Background. Intermanual transfer implies that motor skills learned on one side
of the body transfer to the untrained side. This effect was previously noted in adults
practicing with a prosthesis simulator.

Objective. The study objective was to determine whether intermanual transfer is
present in children practicing prosthetic handling.

Design. A mechanistic, pseudorandomized, pretest-posttest design was used.

Setting. The study was conducted in a primary school in the Netherlands.

Participants. The participants were children who were able-bodied (N�48; 25
boys, 23 girls; mean age�5.1 years) and randomly assigned to an experimental group
or a control group.

Intervention. The experimental group performed 5 training sessions using a
prosthesis simulator on the training arm. Before (pretest), immediately after (post-
test), and 6 days after (retention test) the training program, their ability to handle the
prosthesis with the contralateral (test) arm was measured. The control group only
performed the tests. Half of the children performed the tests with the dominant hand,
and the other half performed the tests with the nondominant hand.

Measurements. During the tests, movement time and control of force were
measured.

Results. An interaction effect of group by test was found for movement time. Post
hoc tests revealed significant improvement in the experimental group between the
posttest and the retention test. No force control effect was found.

Limitations. Only children who were able-bodied were included. Measurements
should have been masked and obtained without tester interference. The fact that 4
children whose results were slower than the mean result discontinued training may
have biased the findings.

Conclusions. The intermanual transfer effect was present in 5-year-old children
undergoing training in prosthetic handling. After training of one hand, children’s
movement times for the other, untrained hand improved. This finding may be helpful
for training children who are novice users of a prosthesis.
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The finding that a novel motor
task trained on one side of the
body leads to an improvement

in the performance of that task on
the other side is called intermanual
transfer.1–3 The intermanual transfer
effect can be useful in rehabilitation.
This effect was previously shown for
prosthetic training in adults.4,5 When
prosthetic training is started within 1
month after amputation, prosthetic
handling and acceptance will be
improved.6 However, after an upper
limb amputation, it often is not fea-
sible to obtain a prosthesis within 1
month. To enable the patient to start
training during this period, the un-
affected arm can be used. Training
the prosthetic skills of the unaffected
arm can improve the skills of the
affected arm. To date, it is not
known whether the intermanual
transfer effect can be applied in the
rehabilitation of children learning to
use a prosthesis. Intermanual trans-
fer was previously found to be pres-
ent from the age of 5 years,7–9 with
improvement continuing until at
least 17 years of age.8–12

In studies with young children (4–6
years old), the intermanual transfer
effect was shown for simple tasks,
such as button-press tasks,7 match-
ing,8,9 or finger lifting.13 However,
the successful use of intermanual
transfer in a rehabilitation setting
would require more than just simple
tasks. Rehabilitation requires com-
plex tasks,14 which contain more
degrees of freedom and multiple task
aspects and which involve real-
world activities.15 Such tasks are
especially useful when clinically rel-
evant. Therefore, in this study, func-
tional prosthetic training was used to
test the intermanual transfer of a
complex and novel task in young
children.

All previous intermanual transfer
studies with children comprised a
1-day training program.7–10,12,13,16,17

However, in a regular training pro-

gram, learning to execute a complex
task, such as handling a prosthesis
simulator, takes longer than a single
day. Improvement in movement
time while practicing prosthetic han-
dling can be seen after at least 5
days,18,19 and it takes even longer to
learn to control generated force.19 In
adults, intermanual transfer of move-
ment time was found in a retention
test performed 6 days after pros-
thetic training.5 Retention effects
have been reported in the literature
and are assumed to be due to the
consolidation of motor memory.20

We tested movement time and force
control in children by using inter-
manual transfer immediately after
several days of training and later in a
retention test.

For rehabilitation, the intermanual
transfer effect needs to be symmetri-
cal, meaning that the effect is trans-
ferred from the nondominant side to
the dominant side and vice versa
because, obviously, both sides can
be affected. The literature on the
direction of transfer provides var-
ious conclusions. In studies on
intermanual transfer in children,
asymmetry in laterality was often
found.10,13,16,17 It seemed that more
complex and novel tasks mostly
showed asymmetry,16,21,22 whereas
in adults who used a prosthesis sim-
ulator, symmetry was found.5,23

Therefore, in the present study, we
aimed to determine the direction of
transfer in children by using a pros-
thesis simulator.

The objective of this study was to
reveal the intermanual transfer effect
on 1 arm after training of the con-
tralateral arm with a prosthesis sim-
ulator in 5-year-old children. We
compared the movement time of a
training group with that of a control
group (no training), and we tested
the difference in intermanual trans-
fer between the dominant hand and
the nondominant hand. In addition,
we compared the control of force of

an experimental group with that of a
control group.

Method
Design Overview
Participants in the experimental
group started with a pretest (first
day) to establish the baseline skills of
the “affected” arm with the simula-
tor and then practiced with the
opposite, “unaffected” arm (day 1
until day 4 or 5) (see below). Subse-
quently, the participants performed
a posttest (last day of training) and a
retention test (6 days later) of the
affected arm with the simulator. Par-
ticipants in the control group exe-
cuted the pretest, posttest, and
retention test of only the affected
arm on the same test days but with-
out receiving any training (Fig. 1).
Because of practical limitations, the
training program consisted of 4 ses-
sions for half of the children and 5
sessions for the other half (both
experimental and control groups).
Sessions took place on consecutive
days at about the same time every
day. The flow of the participants in
the study is shown in the CONSORT
diagram presented in Figure 2.

Setting and Participants
Fifty-two children participated.
Three girls and 1 boy from the exper-
imental group were excluded
because of a lack of motivation.
Three of these children trained for 3
days, 1 trained for 4 days, and all of
them dropped out before the post-
test. The 48 children (25 boys, 23
girls; mean age�5.1 years, range�
4–6) who were included were right-

Available With
This Article at
ptjournal.apta.org

• eFigure: Deformable Object

• eTable: Means for Deformation
of Objects in the Force Control
Task Per Test
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handed, were able-bodied, were free
of neurological and upper extremity
musculoskeletal problems, had nor-
mal or corrected-to-normal sight, and
had no earlier experience with the
prosthesis simulator. The children
were recruited at their primary
school. Parents signed an informed
consent form for participation of
their child. The training procedures
and the consent form were approved
by the national medical ethics com-
mittee (NL37362.000.11).

A myoelectric prosthesis simulator
(OIM Orthopedie, Haren, the Neth-
erlands) (Fig. 3),5,24 adapted for chil-
dren, was used in the experiments.
The simulator was controlled in the
same way as a real myoelectric pros-
thesis but could be attached to an
unaffected arm. The simulator con-
sisted of a myoelectric hand, the
Electrohand 2000 (Otto Bock Health-
care Products GmbH, Vienna, Aus-
tria), which was attached to an open
cast in which the hand was placed.
The cast extended into a splint along
the forearm and was adjustable in
length. The splint could be attached
to the arm with a self-adhesive Vel-
cro (Velcro USA Inc, Manchester,
New Hampshire) sleeve. The hand
was controlled by electrical activity
derived from muscle contractions,
detected by 2 electrodes that were
placed on the muscle bellies of the
wrist flexor and extensor muscles.
The prosthetic hand had propor-
tional speed control (15–399 mm/s)
and proportional grip force control
(0 to �35 N).

For the training sessions, the South-
ampton Hand Assessment Procedure
(SHAP)25 was used; this test evalu-
ates the functionality of prostheses
while different grasps are per-
formed. The test consists of 26 tasks:
12 abstract tasks and 14 tasks from
daily life. The SHAP was chosen
because it standardized the training.
Some of the tasks were not feasible
because of the smaller hand opening

and reduced power of the prosthetic
hand and, therefore, required adap-
tation (Appendix).

For registration of the movement
times (in milliseconds) for the test
tasks, E-Prime, an application suite
(Psychology Software Distribution,
Stittenham, York, United Kingdom)
was used. With this suite, the tasks
were shown on a screen, and the
accompanying times were saved.

Two deformable objects (eFigure,
available at ptjournal.apta.org) were
used to measure force control during
the tests. The deformable objects
consisted of 2 plates (4 � 3.5 � 9
cm) with a spring in between them;
one object had a spring that was
stiffer than the spring in the other
object.

Randomization and
Interventions
The children were pseudorandomly
assigned to the experimental group
or the control group. Boys and girls
were equally divided into these
groups. For the measurement of lat-

erality, the test side (dominant ver-
sus nondominant) was equally repre-
sented in the groups. All test tasks
were executed in an order that was
randomized with E-Prime.

All test and training sessions took
place in the primary school and were
performed individually in a quiet
room. The testers were trained in a
pilot study to execute the measure-
ments according to a protocol. For
most testing sessions, 2 testers were
present to make sure testing was
done the same way. A session always
started with a standard procedure to
fit the simulator. The electrodes
were placed on the wrist extensor
and flexor muscles, which had been
marked with a permanent marker
after palpation. The sensitivity of the
electrodes was always highest when
starting. If the child could not easily
open and close the prosthesis—for
example, because of the 2 electrodes
counteracting—the sensitivity was
adapted. The maximum speed of the
hand was set to the default setting of
6 (on a scale of 1–6). After fitting of
the stimulator, verbal instruction for

Figure 1.
Design of the study.

Intermanual Transfer Effect in Young Children After Training in a Complex Skill

732 f Physical Therapy Volume 95 Number 5 May 2015

http://ptjournal.apta.org/content/95/5/730/suppl/DC1


task execution was given with the
request to perform all of the tasks as
rapidly and accurately as possible.

Pretest, posttest, and retention
test. During all tests, participants
sat, with the elbow flexed 90 degrees,

at a table on which the starting and
ending positions of the objects were
marked. Three functional tasks and 2
force control tasks were all executed 3
times. The functional tasks were based
on the 3 different ways in which a
prosthesis is used in daily life26: direct

grasping, indirect grasping, and fixat-
ing. The 3 functional tasks (as used in
the adult study5) were as follows: the
mug task, in which a mug had to be
picked up and put on a 25-cm-high
shelf (direct grasping); the jar lid task,
in which a jar had to be handed from
the sound (training) hand to the pros-
thetic hand, after which the lid had to
be removed with the sound hand
(indirect grasping); and the pen case
task, in which a pen case was fixed
with the prosthetic hand while the
sound (training) hand opened and
closed the zipper (fixating).

To measure movement times with
E-Prime, the researcher released the
space bar when the child started to
open the prosthetic hand and then
pressed the space bar after task com-

Assessed for eligibility (N=52)

Excluded (n=0)
*   Did not meet inclusion criteria (n=0)
*   Declined to participate (n=0)
*   Other reasons (n=0)

Randomized (n=52)

Allocation

Follow-up

Analysis

Enrollment

Allocated to intervention group (n=28; 15 girls, 13 boys)
*   Received allocated intervention (n=28)
*   Did not receive allocated intervention (n=0)

Lost to follow-up (n=0)

Discontinued intervention (n=4; lack of
motivation of the children) 

Lost to follow-up (n=0)

Discontinued intervention (n=0) 

Analyzed (n=24)
*   Excluded from analysis (n=0)

Analyzed (n=24)
*   Excluded from analysis (n=0)

Allocated to control group (n=24; 11 girls, 13
boys)

Figure 2.
Diagram of the flow of participants in the study.

Figure 3.
Prosthesis simulator for children.
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pletion. Movement times were mea-
sured in milliseconds.

In the force control tasks, 2 deform-
able objects5 had to be picked up
and put on a shelf 25 cm above the
table, with the instruction to com-
press the objects as little as possible.
The maximum deformation was
measured by reading a scale attached
to the plates.

The 2 dependent variables, move-
ment time and force control, were
used for the analysis.

Training sessions. During all
training sessions, the children in the
experimental group executed tasks
from the SHAP.25 On the first and last
days, only half of the SHAP tasks
were performed together with the
tests, whereas on the other training
days, the complete SHAP was per-
formed once. This approach was
used to keep the children focused
and motivated. At the end of each
session, children could color a draw-
ing to motivate them to participate
in the next session. After completion
of the experiment, all children
received a toy.

Data Analysis
The means of the movement times
and the means of the deviation in the
force control tasks for the 3 trials in
each test were calculated with the
IBM Social Package Statistical Sci-
ence (SPSS) 19.0 software package
(IBM Corp, Armonk, New York). For
comparison of the movement times
and the object deformations in the
different tasks for the 2 groups, z
scores were used; z scores were cal-
culated per task and were used for all
further analyses.

Baseline. The results on the pre-
tests for the experimental and con-
trol groups were compared with a
repeated-measures analysis of vari-
ance (ANOVA) to assess baseline
differences. For the movement

times, the task (mug, jar lid, and
pen case) was a within-subject fac-
tor, and the training group (train-
ing and control) was a between-
subjects factor. For the deviation in
force control, the task (strong and
light springs) was a within-subject
factor, and the training group
(training and control) was a
between-subjects factor.

Movement time and laterality.
A repeated-measures ANOVA on the
movement time was conducted for
the functional tasks with the test
(pretest, posttest, and retention test)
and the task (mug, jar lid, and pen
case) as within-subject factors and
the training group (training and con-
trol) and test arm (dominant and
nondominant) as between-subject
factors.

Training days. Because the train-
ing took place for 4 or 5 days, we
assessed whether the duration of
training influenced the data. In an
additional analysis, the number of
training days was entered as a
between-subjects factor in the
repeated-measures ANOVA on the
movement time.

Force control tasks. Another
repeated-measures ANOVA was con-
ducted for the maximum deforma-
tion in the force control tests with
the test (pretest, posttest, and reten-
tion test) and the task (strong and
light springs) as within-subject fac-
tors and the training group (training
and control) as a between-subjects
factor.

Dropouts. An additional analysis
was performed on the data from the
children who dropped out. The
mean movement times and mean
object deformations on the pretest
were compared with the 95% confi-
dence interval of the mean scores for
all children.

When sphericity was violated, the
degrees of freedom were adjusted
with the Greenhouse-Geisser correc-
tion. An alpha value of .05 was used.
Bonferroni corrections were used in
the post hoc tests.

Role of the Funding Source
This study was supported by grants
60-62300-98-119 from ZonMW,
1103-029 from Fonds NutsOhra,
R2011147 from Revalidatiefonds,
210.130 from Stichting Beatrixoord,
and 1103 from OIM Stichting. None
of the funding agencies had any
influence on the design and conduct
of the study; on the collection, man-
agement, analysis, and interpretation
of the data; or on the preparation,
review, or approval of the article.

Results
Baseline
No baseline differences between the
experimental group and the control
group were found for movement
time or force control.

Movement Time
The ANOVA on the z scores of the
movement time for the 3 functional
tasks revealed a significant differ-
ence in the interaction between
group and test (F2,88�3.215,
P�.045) (Table). Two paired t tests
revealed that the experimental
group showed improvement from
the posttest to the retention test
(t23�2.54, P�.018) but that the con-
trol group did not (Fig. 4). A signifi-
cant difference was found between
tests (F2,88�83.390, P�.000). Post
hoc tests revealed that the pretest
differed significantly from the post-
test and from the retention test (P
values of �.001), indicating im-
provement after training.

Laterality
No interaction effect between hand
dominance and test was found in the
movement times, revealing no later-
ality effects. An interaction effect
between task and hand dominance
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was found (F2,88�3.394, P�.038).
Post hoc tests revealed a significant
difference between hands in the jar
lid task (t46��3.409, P�.001).
Although the mug and pen case tasks
were performed at about the same
speeds regardless of the test arm, the
jar lid task was executed faster when
the nondominant test hand held the
jar and the dominant hand opened
the lid (Fig. 5).

Training Days
No difference was found between
the group that trained for 4 consec-
utive days and the group that trained
for 5 consecutive days.

Force Control Tasks
The ANOVA on the z scores of the
object deviation indicated no signif-
icant main or interaction effect,
implying no difference between
the groups (eTable, available at
ptjournal.apta.org).

Dropouts
The movement times of the children
who dropped out were between
11.5 and 15.4 seconds on the pre-
test; the upper bound of the 95%
confidence interval of the children
who were included was 11.3 sec-
onds. The upper bounds of the 95%
confidence intervals for the deforma-
tions of light and heavy objects were
9.1 and 6.3 mm, respectively. For
both objects, 3 of the 4 excluded
children scored worse (between 7.9
and 10.1 mm for the light object and
between 5.2 and 7.7 mm for the
heavy object).

Discussion
An intermanual transfer effect was
found after training on prosthetic
handling in young children. After
training of one side, the movement
time of the contralateral side
improved significantly on a retention
test relative to the findings for the
control group. To our knowledge,
this is the first report of improve-
ment in the execution of a more
complex and novel task through
intermanual transfer in 5-year-old
children.

Our design was innovative in several
respects. Contrary to other studies
involving young children, the pres-
ent study involved complex tasks.
Instead of tasks such as finger lift-
ing13 or button pressing,7 our partic-
ipants had to practice activities of
daily living while wearing a prosthe-
sis simulator. Such complex tasks
might be more difficult to learn;
thus, a small intermanual transfer

effect might be expected. On the
other hand, the tasks were novel,
implying a larger learning effect at
the start of the training exercise—
which would foster an intermanual
transfer effect. Furthermore, to pro-
mote motor memory consolidation,
we conducted the training exer-
cise over several days,20 whereas
other studies usually included
training for one, sometimes brief,
session.7–10,12,13,16,17 Thus, the possi-
ble small transfer effect caused by
task complexity might be balanced
through the use of novel tasks and
more training days. Neither a com-
plex and novel task nor a longer
training period was used in previous
studies with young children; hence,
the relevance of the effects and their
possible interactions warrant further
study to advance the understanding
of intermanual transfer in young
children.

Table.
Means (95% Confidence Intervals) for Movement Times (in Seconds) in Functional Tasks Per Test

Test

Training Group Control Group

Mug Pen Case Jar Lid Mug Pen Case Jar Lid

Pretest 9.17 (7.65, 10.69) 8.30 (6.90, 9.70) 15.52 (13.62, 17.41) 8.46 (6.93, 9.98) 7.81 (6.40, 9.22) 14.50 (12.59, 16.41)

Posttest 5.67 (4.85, 6.50) 5.81 (4.68, 6.95) 9.69 (8.58, 10.81) 6.22 (5.39, 7.05) 5.68 (4.54, 6.82) 8.51 (7.39, 9.62)

Retention test 5.03 (4.07, 6.00) 5.13 (4.24, 6.03) 8.16 (6.50, 9.82) 6.73 (5.77, 7.70) 4.81 (3.91, 5.71) 9.73 (8.06, 11.40)

Figure 4.
Means (95% confidence intervals) for movement times (in seconds) in all functional
tasks for the 3 tests administered to the experimental and control groups. Real move-
ment times are shown, but analyses were performed on z scores. *P�.025.
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The difference in movement times
between the training groups was
found on the retention test. Improve-
ment between the posttest and the
retention test has been described
more often in the literature.20 Inter-
estingly, the retention test was found
to be a better indicator for learning.
This learning effect was probably
due to the consolidation of mem-
ory.20 Therefore, it can be assumed
that the results on the retention test
for the training group revealed a
learning effect that was retained.

The direction of the intermanual
transfer of movement time for the
complex tasks was symmetrical. This
means that the transfer of the effect
from the dominant side to the non-
dominant side did not differ from
that in the opposite direction. Stud-
ies of adults training with a prosthe-
sis simulator showed similar symmet-
rical effects.5,23 Other studies,
however, revealed mostly asymme-
try of transfer for complex and novel
tasks.16,21,22,27 A possible explana-
tion for the symmetry in both the
present study with children and our
previous study with adults5 is that 2
of the 3 functional test tasks were
executed bimanually. The effect for
the test hand might have been lim-
ited by the use of 2 hands. However,
Weeks et al23 used only unilateral

tasks and still found symmetrical
effects. Studies with children, all
using unilateral tasks, showed asym-
metrical effects, although not always
in the same direction. Some studies
showed larger effects from the non-
dominant side to the dominant
side,13,17 but some studies showed
effects in the other direction.10,16 In
a recent study, Pan and van Gem-
mert28 demonstrated differences in
the symmetry of transfer with differ-
ent performance parameters. For
instance, movement time transferred
symmetrically, whereas initial move-
ment direction in a point-to-point
drawing task did not. However, the
findings of Pan and van Gemmert28

cannot explain all of the findings
regarding symmetry in intermanual
transfer. There appear to be more
subtleties to laterality in intermanual
transfer, and this topic warrants fur-
ther study.

To increase sample size, we per-
formed experiments at 2 schools. At
one school, a training program of
only 4 (instead of 5) consecutive
days was feasible. An additional sta-
tistical analysis showed no differ-
ence in performance for groups of
children with different numbers of
training days. We hope that bias due
to this difference was minimal. Fur-
thermore, 4 children did not com-

plete the study. The mean move-
ment times of these children on the
pretest were slower, and the means
of the maximum deformation of the
compressible objects were usually
higher for these children than for the
other study participants. Perhaps
prosthetic use was more difficult for
these children, causing them to drop
out. This factor might have biased
our results, thus limiting their
applicability.

No intermanual transfer effect for
force control was found in the
experimental group. Although the
transfer of force control is possi-
ble,29,30 learning to control force
with a prosthesis is difficult and
takes time.31,32 The training program
consisting of SHAP tasks did not
focus on force control in particular.
Furthermore, in adults who received
SHAP training, the transfer of force
control also was not found.5 Presum-
ably, to obtain intermanual transfer
of force control, specific attention to
force control in the training exercise
or a longer training program may be
necessary.

The effect of intermanual transfer
improves with age8–12; that is, inter-
manual transfer in simple tasks is
observed from the age of 5 years,7–9

and the effect increases until at least
the age of 17 years.10 Parlow and
Kinsbourne16 used an inverted writ-
ing task for groups of adults and chil-
dren and found similar intermanual
transfer effects in both groups.
When we compared our results for
children with those for adults,5 the
patterns in the transfer of the move-
ment times also were similar; that is,
the largest differences between the
experimental group and the control
group were found on the retention
test, revealing a motor memory con-
solidation effect.20 However, the dif-
ferences and similarities for the inter-
manual transfer effects in the
different age groups should be inter-
preted with caution because of the

Figure 5.
Means (95% confidence intervals) for movement times (in seconds) in 3 functional tasks
for dominant and nondominant test hands. Real movement times are shown, but
analyses were performed on z scores. *P�.025.
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differences in training. Children exe-
cuted the adapted SHAP 4 times,
whereas adults executed the original
SHAP 8 times. Therefore, determin-
ing whether there is an improve-
ment with age in the intermanual
transfer of learning with a prosthesis
simulator is difficult.

The present study was designed to
imitate a clinical setting. Improve-
ment in the execution of a clinically
relevant skill—namely, prosthetic
handling—was measured. We used
complex and novel tasks, extended
the training program to several days,
and used activities of daily living to
train the participants. Moreover, test
tasks and training tasks differed,
implying that we measured the learn-
ing of a skill instead of improvement
in the execution of a learned task. An
interesting consequence, in terms of
the generalizability of our findings
and the mimicking of a clinical set-
ting, is that our findings might be
applicable to the rehabilitation of
children with upper limb amputa-
tion. Through intermanual transfer,
children can start training directly
with the unaffected arm after an
amputation. Handling of objects
while using a prosthesis, even at a
starting level, along with acceptance
of the prosthesis could improve.6

Now that the concept of intermanual
transfer after the execution of a com-
plex task has been shown to be pres-
ent in children who are able-bodied,
it is important to establish whether
such an effect also can be found in
children with peripheral upper limb
disorders affecting one side of the
body, such as reduction deficiency
or brachial plexus injury. The use of
intermanual transfer in children with
a disorder on one side of the body
has not been studied. Therefore, it
might be interesting to explore
whether the intermanual transfer
concept is applicable to different
groups of patients. Future research
should include children with an

upper limb amputation as well as
find a way to overcome the limita-
tions of the design of the present
study. In addition, this concept
should be applied to older children.

A limitation of the present study is
that, to generalize the effect of inter-
manual transfer, we should have
obtained measurements in novice
users of a prosthesis. However,
because of the low incidence of
amputations, we had to rely on chil-
dren who were able-bodied by using
a prosthesis simulator. We assume
that a comparable intermanual trans-
fer effect can be found in children
who are novice users of a prosthesis
because they are usually healthy and
because the kinematic performances
of adults using prostheses or pros-
thesis simulators showed relevant
similarities.31

A further limitation of the present
study is that the testers administered
the training program as well as the
tests; as a result, the testing was not
masked. Furthermore, because of
the children’s limited focus, move-
ment times were recorded by a
researcher instead of by the chil-
dren. The researcher pressing the
button may have introduced bias.
However, this procedure was used
because—in an unpublished pilot
study—the children often forgot to
press the button; this situation
would have led to even greater bias.
Nevertheless, this limitation should
be considered in the interpretation
of the data. In subsequent experi-
ments, movement times should be
assessed with kinematic measure-
ments. Finally, the test-retest proper-
ties of the test tasks were unknown.
The tests used were chosen because
they represented several skills found
in tasks of daily living and could be
administered in a short span of time.

In conclusion, an intermanual trans-
fer effect was found following a pros-
thetic training program in children.

To our knowledge, we are the first to
find an intermanual transfer effect in
young children performing complex
and novel skills. Using a situation
resembling a clinical setting, we
found a movement time effect that
might be applicable to prosthetic
training.
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Appendix.
Modifications of Southampton Hand Assessment Procedure (SHAP) Tasksa

Task Objects and Protocol Downsized Object Modified Protocol

Abstract object tasks

Light sphere Wooden sphere transferred from
location 1 to location 2

Sphere (diameter�3 cm) —

Light power Wooden cylinder transferred from
location 1 to location 2

Cylinder (height�10 cm,
diameter�3 cm)

—

Light lateral Wooden shape in the form of a squared
mug transferred from location 1 to
location 2

— The object was positioned with the handle
lateral to the side on which the
participant was wearing the simulator,
not facing the participant

Heavy sphere Metal sphere transferred from location 1
to location 2

Sphere (diameter�3 cm) —

Heavy power Metal cylinder transferred from location
1 to location 2

Cylinder (height�10 cm,
diameter�3 cm)

—

Heavy lateral Metal shape in the form of a squared
mug transferred from location 1 to
location 2

— The object was positioned with the handle
lateral to the side on which the
participant was wearing the simulator,
not facing the participant

Activities of daily living
tasks

Pick up coins Independently pick up 4 coins and place
them in a jar

— The coins were dragged to the edge of the
table by the participant, the assessor
held a coin with his or her index finger
at the edge of the table, and the
participant picked up the coin and
placed it in a tin

Cut food Cut a plastic block with a knife — The assessor helped fix the knife in the
prosthetic hand

Remove a jar lid Pick up a jar with the nonassessed hand;
open the lid with the assessed hand
using a flexion grip with the lid in the
palm

Smaller jam jar (diameter�4 cm,
diameter of lid�4.2 cm,
height�9 cm)

—

Pour water from a jug Place a jug containing 100 mL of water
with the handle oriented to the side
of the assessed hand, lift it up by the
handle, and pour the water into a jar

50 mL of water —

Pour water from a carton Fill a carton with 200 mL of water, grasp
it, and pour the water into a jar

Smaller juice carton with 100
mL of water (length�5.1 cm,
width�3.7 cm, height�11
cm)

—

Move a full jar Lift a full jar of water from location 1,
pass it over a barrier (a carton), and
place it at location 2 (location 1 for
the jar is the side opposite the
assessed hand)

Smaller jam jar with 150 mL of
water (diameter�3.7 cm,
height�10.1 cm)

—

Move an empty tin Lift an empty tin from location 1, pass it
over a barrier (a carton), and place it
at location 2 (location 1 for the jar is
the side opposite the assessed hand)

Smaller tin (diameter�3.5 cm,
height�9 cm)

—

Move a tray Using both hands and remaining seated,
pick up a tray from location 1, pass it
over a barrier, and place it at location
2 (the tray is placed on the side
opposite the assessed hand, and the
SHAP unit is placed with the longer
side facing the participant to serve as
a barrier)

Smaller, lighter tray (length�42
cm, width�26 cm)

The unit was placed with the shorter side
facing the participant

Open and close a zipper Open and close a zipper Extension of the pull tab of the
zipper (paper clip)

The assessor held the pull tab for easier
grasping

Rotate a screw 90° Guide a screwdriver to a screw (the
screwdriver is placed on a form-board
on the side of the assessed hand, and
the screw is clipped on the exterior of
the SHAP unit on the side of the
assessed hand; both hands can be
used to guide the screwdriver to the
screw, but only the assessed hand can
turn the screwdriver)

— The participant picked up the screwdriver
with the nonassessed hand and passed it
to the assessed hand, and the assessor
helped fix the screwdriver in the
prosthetic hand

a —�no modification was applied. Location 1 and location 2 were specified on the form-board for each task. Adapted and reprinted with permission from:
Vasluian E, Bongers RM, Reinders-Messelink HA, et al. Preliminary study of the Southampton Hand Assessment Procedure for children and its reliability. BMC
Musculoskelet Disord. 2014;15:199.
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