
CME Objectives:
Upon completion of this article, the
reader should be able to (1) recognize
the influence of age on the ability to
learn muscle relaxation, (2) identify the
effect of different timing conditions of
myofeedback on leaning muscle
relaxation, and (3) differentiate the
effect of myofeedback on the more
permanent changes in the relaxation
task from the transient changes in
performance.

Level: Advanced.

Accreditation: The Association of
Academic Physiatrists is accredited by
the Accreditation Council for
Continuing Medical Education to
provide continuing medical education
for physicians.
The Association of Academic Physiatrists
designates this continuing medical
education activity for a maximum of 1.5
credits in Category 1 of Physician’s
Recognition Award of the American
Medical Association. Each physician
should claim only those credits that he
or she actually spent in the education
activity.

Disclosure: Disclosure statements have
been obtained regarding the authors’
relationships with financial supporters of
this activity. There is no apparent
conflict of interests related to the
context of participation of the authors of
this article.
Supported, in part, by the National
Institute on Disability and Rehabilitation
Research, grant H133A010403. The
opinions contained in this article are
those of the grantee and do not
necessarily reflect those of the NIDRR
and the U.S. Department of Education.
0894-9115/06/8502-0148/0
American Journal of Physical Medicine
& Rehabilitation
Copyright © 2006 by Lippincott
Williams & Wilkins

DOI: 10.1097/01.phm.0000197959.17247.5b

Effects of Age and Timing of
Augmented Feedback on Learning
Muscle Relaxation While Performing
a Gross Motor Task

ABSTRACT

van Dijk H, Hermens HJ: Effects of age and timing of augmented feedback on
learning muscle relaxation while performing a gross motor task. Am J Phys Med
Rehabil 2006;85:148–155.

Objective: To examine the combined effect of age and timing of augmented
feedback on learning muscle relaxation. Performing a gross motor task, subjects
had to lower their trapezius muscle activity using the electromyographic signal as
visual myofeedback.

Design: Healthy subjects (16 young adults: 20–35 yrs; and 16 older adults:
55–70 yrs) were randomly assigned to one of two timing conditions of myofeed-
back: concurrent (feedback was provided immediately during the trial) and
terminal (feedback was provided delayed after the trial) condition.

Results: The results indicated that young adults had a higher level of motor
performance (i.e., lower muscle activity) compared with older adults when
myofeedback was provided. These effects persisted during short- (after 10 mins)
and long-term retention (after 1 wk) when no myofeedback was provided. In
contrast to young adults, older adults did not improve their performance through-
out the experiment. There were no interactions of age with the timing conditions
of myofeedback during acquisition and retention.

Conclusions: Either timing condition of augmented feedback was equally helpful
to young adults, whereas neither was helpful for older adults in learning muscle
relaxation.
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Learning new motor skills is essential across the
lifespan for our everyday adaptation to the environ-
ment. With aging, the ability to learn new skills
continues to be crucial for maximizing function
and quality of life. For example, older adults may
need to learn new skills such as a leisure activity or
an adaptation task such as propelling a wheelchair.
Although there is an abundance of research on how
young adults learn motor skills, little is known
about whether older adults learn skills in the same
manner as young adults do.

One general conclusion from motor learning
research using young adults is that the learning of
motor skills is a problem-solving process that re-
quires cognitive intervention between perception
and action, particularly in the early stages of skill
acquisition.1,2 Aging may influence how older
adults use information in this early, highly cogni-
tive stage. Research findings suggest that there are
changes in cognitive processing associated with
aging.3 In addition to these cognitive changes,
there is evidence that there are changes in how
older adults perform movements.4 The changes in
cognition combined with the age-related changes
in motor control may affect how older adults use
information to learn new motor skills.

Motor learning research on young adults has
identified many variables such as augmented feed-
back that enhance learning processes.1,2,5–8 Al-
though there are a limited number of studies on
older adults, the available results suggest that de-
spite the changes associated with aging, older
adults benefit from augmented feedback similarly
to young adults.9–12

Wishart et al.13 conducted a study investigat-
ing the effects of age and the role of visual aug-
mented feedback in the acquisition of a new biman-
ual coordination pattern. Young and older subjects
were randomly assigned to receive either concur-
rent or terminal timing of feedback. The concur-
rent timing of feedback refers to augmented feed-
back that is given while the movement is in

progress; the terminal timing to augmented feed-
back that is given after the skill has been per-
formed. Both young and older adults benefited
from the concurrent condition, but older adults
gained more than young adults did, relative to the
terminal condition. The results suggest that when
learning bimanual coordination patterns, older
adults are more sensitive to the availability of con-
current visual information (i.e., older adults did
not benefit from augmented feedback similarly to
young adults).

The study by Wishart et al.13 raised the ques-
tion of whether their deviating findings were spe-
cific for the acquisition of a new bimanual coordi-
nation pattern. The above-mentioned previous
studies9–12 all involved the learning of motor tasks
using only the dominant hand, not a bimanual
coordination task.

Augmented feedback is usually implemented
as concurrent augmented feedback, which might
result in the development of a dependency on the
availability of feedback as indicated by the guidance
hypothesis. This hypothesis indicates that the role
of augmented feedback in learning is to guide per-
formance to be correct during practice.14 However,
if it is provided too frequently, it causes the learner
to develop a dependency on its availability, and
therefore to perform poorly when it is not available.
So, practice with concurrent augmented feedback
is beneficial for the immediate performance, but
might not be for the learning of motor skills. Ter-
minal augmented feedback can be effective in most
skill learning situations.15

In the present study, we compared young and
older subjects regarding their ability to use visual
augmented feedback to learn a new unilateral mo-
tor task. The task selected for the present study was
to lower muscle activity as measured by surface
electromyography (sEMG) while performing a
gross motor task. This task was based on a treat-
ment program used on groups of patients with
work-related musculoskeletal pain.16,17 Subjects
were provided with a visual EMG signal, which
varied in proportion to the electrical activity re-
corded from a target muscle. Subjects could then
monitor the target muscle while attempting,
through trial and error, to decrease muscle activ-
ity. Lowering muscle activity while actually using
the same muscle to perform a gross motor task is
physiologically possible, but difficult to perform for
many subjects, leaving room for improvement with
muscle reeducation procedures. Research by Voer-
man et al.18 has indicated that subjects performing
this muscle relaxation task profited from a sensory
feedback (myofeedback) training procedure.

Hermens and Hutten,16 Vollenbroek-Hutten et
al.,17 and Faucett et al.19 found similar results in
groups of patients with work-related musculoskel-
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etal pain receiving myofeedback training. The re-
sults indicated that the use of myofeedback can
result in a change of muscle activation pattern, so
apparently it assists in making subjects aware of
their muscle activation.

The first purpose of the present study was to
examine whether concurrent or terminal timing of
augmented feedback is most effective in facilitating
motor skill learning. Based on the understanding
of the detrimental guiding role of augmented feed-
back on learning, it was expected that by providing
terminal instead of concurrent augmented feed-
back, the dependence on augmented feedback
would decrease, and the learning of motor skills
would improve (i.e., lower muscle activity while
performing gross motor task).

The second purpose of this study was to exam-
ine the combined effect of age and timing of aug-
mented feedback on motor skill learning. Separate
groups of the feedback timing conditions were
formed for both young and older adults to examine
age-related effects on motor learning. We hypoth-
esized that both age categories would learn the new
motor task. However, given the cognitive and per-
formance changes associated with aging, the young
adults were expected to achieve a better level of
performance than the older adults (i.e., lower mus-
cle activity). In addition, based on previous findings
suggesting that older adults benefit from the learn-
ing variables similarly to young adults, it was ex-
pected that the guidance hypothesis is also valid for
older adults. In other words, the timing of aug-
mented feedback has similar learning effects on
both young and older adults.

METHODS
Design and Subjects

Healthy, able-bodied subjects within two age
categories (young adults: 20–35 yrs; and older
adults: 55–70 yrs) were selected by means of a
checklist concerning the health status of the sub-
jects. To be included in the study, subjects had to
be free of any history of upper-extremity pathology.
Subjects were excluded if they suffered from blind-
ness or cognitive impairments (e.g., dementia). Re-
cruitment of the young adults was performed un-
der the employee-population (also graduate
students) of Roessingh Research and Development
and the University of Twente in Enschede, the
Netherlands. Older adults were recruited among
the wide circle of acquaintances of the researchers.
The study was approved by the Roessingh ethics
committee. All subjects signed an informed con-
sent.

In total, 32 subjects (16 young and 16 older
adults) were recruited for the study. The subjects of
both age categories were randomly assigned to two

groups (A or B) with the restriction that the groups
were balanced for gender. Eight subjects were as-
signed to each group (three males and five females
per group). The two groups were differentiated in
terms of timing of augmented feedback that pro-
vided subjects with information related to the mus-
cle activity. Subjects had no prior experience with
the experimental task and were not aware of the
specific purposes of the study. Demographic char-
acteristics of the subject population for both age
categories are listed in Table 1.

Surface Electromyographic (sEMG)
Detection

sEMG was recorded from the upper trapezius
muscle of the dominant side. Its superficial loca-
tion makes the trapezius muscle highly suitable for
sEMG recording and feedback applications.20 Be-
fore electrode placement, the skin was prepared by
cleaning it with alcohol. Adhesive surface elec-
trodes (interelectrode distance 2.5 cm) were placed
2 cm laterally to the midpoint between cervical 7
and the lateral end of the acromion.21 The position
of the electrodes was marked with a permanent
marker to ensure identical placement of the elec-
trodes during measurements on different days.

The sEMG signal was amplified (15�), digi-
tized (22 bits ADC), and smooth rectified with
removal of the low frequency components. Sample
frequency was 512 Hz and the signal was band pass
filtered between 30 and 250 Hz. Embedded soft-
ware provided the root mean square (RMS). The
system was connected with a computer, and data
were stored for offline analysis.

Task and Procedure
Subjects were seated behind a table in a chair

without arm support. The height of the table and
the chair were then adjusted so that elbow flexion
of the dominant arm was within a range of 90–95
degrees when the upper arm was held along the
body with the forearm placed on the table. An angle

TABLE 1 Demographic characteristics of the
subject population

Characteristics
Young
Adults

Older
Adults

n 16 16
Sex (male/female) 6/10 6/10
Age,a yrs 27.1 (4.5) 64.3 (8.8)
Weight,a kg 68.7 (6.3) 80.1 (15.5)
Length,a cm 177.1 (8.7) 173.2 (9.5)
Body mass index,a kg/m2 21.9 (1.8) 26.5 (3.6)
Dominant hand (right/left) 13/3 14/2

a Mean (standard deviation).

150 van Dijk and Hermens Am. J. Phys. Med. Rehabil. ● Vol. 85, No. 2



�90 degrees would cause undesired trapezius ac-
tivation due to elevation of the shoulder when
moving the forearm and hand above the table. A
computer monitor was positioned approximately
50 cm directly in front of the subjects.

Subjects performed a unilateral gross motor
task in which they had to move their dominant
arm/hand continuously by performing a “bottles-
in-a-case” task. Herewith, a bottle (with a weight of
160 g) must be replaced inside a case (Fig. 1). The
hand starts on the table, then grabs the bottle in
the case and moves the bottle to the other side of
the case. After this, the hand returns to the table
and again replaces the bottle. The pace of the
arm/hand movement (88 marks per minute) was
kept constant with the use of a metronome.22 The
goal of the task is to try and keep the trapezius
muscle activity as low as possible during the motor
task. Subjects were provided with visual myofeed-
back (raw EMG signal on the computer monitor)
about their trapezius muscle activity. Besides a
postural and supporting function, the trapezius
muscle is important for the adjustment of the
scapula during elevation of the upper arm, and it
prevents from downward dislocation of the humer-
us.23

The 32 selected subjects were randomly as-
signed to two feedback timing conditions (A or B).
The conditions were differentiated in terms of con-
current and terminal timing of augmented feed-
back:

A. Concurrent augmented feedback—visual
myofeedback was provided immediately during
the trial by means of displaying the raw EMG
signal;

B. Terminal augmented feedback—visual
myofeedback was provided after a delay (10
secs) after the trial by means of displaying the
recorded EMG signal from the prior trial.

sEMG recordings started with four reference

contractions of the upper trapezius muscle per-
formed according to the guidelines of Mathiassen
et al.24 These reference contractions were fol-
lowed by three tasks of 1 min without myofeed-
back to determine baseline activity. Subjects
were instructed that they had to perform the task
with the upper extremity (especially the domi-
nant shoulder) as relaxed as possible with the
nondominant arm resting on the table. Subse-
quently, subjects performed the 1-min task 15
times with myofeedback. In between each mea-
surement, there was a rest period of 1 min to
prevent subjects from muscle overload. Subjects
were instructed that they had to discover a man-
ner of performing the task that would result in
the lowest muscle activity (shown on the com-
puter monitor). Again, the nondominant arm
was resting on the table. These 15 tasks are
considered the acquisition phase. Three 1-min
tasks without myofeedback were performed twice
to study retention: after 10 mins (short-term
retention) and after 1 wk (long-term retention).
Instructions were identical as those given during
baseline measurement. The retention trials after
1 wk (again preceded by a reference measure-
ment) were measured on the same part of the day
(morning or midday) as the acquisition trials.
The retention trials were implemented to differ-
entiate the effect augmented feedback may have
on the more permanent changes in a motor skill
from the transient changes in performance that
may be observed during the acquisition phase of
the study.

The myofeedback training procedure had a
comparable amount of practice (and subsequent
myofeedback exposure) to the study by Voerman et
al.18 in which subjects actually learned to lower
their muscle activation level while performing a
gross motor task.

Data Analysis
Learning muscle relaxation was defined as a

decrease in trapezius muscle activity expressed in
sEMG outcome parameter root mean square (RMS,
in �V). sEMG was continuously recorded during
baseline, acquisition, and retention trials, and after
the removal of artifacts, the RMS values were cal-
culated over a period of 40 secs within the 1-min
trials (first and last 10 secs were neglected because
of possible starting and ending effects). This re-
sulted in three baseline values, 15 acquisition val-
ues, and 2 � 3 retention values of RMS. These
values were subsequently averaged resulting in one
value for baseline, one per three acquisition trials,
and one for each retention measurement per sub-
ject.

The RMS values during the reference contrac-
tions were computed for the middle 10 secs of each

FIGURE 1 “Bottle-in-a-case” task.
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reference contraction,24 and the mean value was
used for normalization. This means that RMS val-
ues during baseline, acquisition, and retention tri-
als were expressed as percentages of this mean
reference value (RMS relative � RMS trial/RMS
reference * 100%). After this normalization proce-
dure, individual values were averaged to obtain
group results.

Statistical Analysis
The dependent measure RMSrel was analyzed

in a two-sample t test for baseline measurements
comparing the two feedback timing conditions sep-
arately for the age categories. This was done to
check the randomization procedure for both young
and older adults.

With regard to the first purpose of the present
study, the acquisition data were analyzed using a 2
(feedback conditions) � 6 (baseline and acquisition
blocks) analyses of variance (ANOVA) with repeated
measures on the last factor. Retention data were
analyzed with a similar design, except that there
were only two trial blocks (short- and long-term
retention). These analyses were done separately for
the age categories young and older adults. With
regard to the second purpose of this study, the
acquisition and retention data were analyzed using
a 2 (age categories) � 6 (baseline and acquisition
blocks) ANOVA with repeated measures on the last
factor. These analyses were done separately for the
feedback timing conditions concurrent and termi-
nal. The Greenhouse-Geisser correction factor for

df was used in all ANOVAs. Alpha was set at 0.05 for
all statistical tests.

RESULTS
Baseline Phase

The initial performance level on the relaxation
task was compared between the two feedback tim-
ing conditions separately for the age categories by
conducting a two-sample t test for the baseline
phase. This analysis did not result in a statistical
significant difference for young adults: 95% confi-
dence interval (CI) from �0.26 to 0.11, P � 0.41;
and for older adults: 95% CI from �0.17 to 0.31,
P � 0.55. Therefore, randomization was accepted
as satisfactory for both age categories.

Acquisition Phase
The dependent measure RMSrel is plotted as a

function of feedback timing conditions and blocks
in Figure 2.

The first part of the analysis concerned the two-
way ANOVA (feedback condition � block) for re-
peated measures on the second factor. This was done
separately for the age categories young and older
adults. Concerning the young adults, a statistical sig-
nificant main effect for block was found, F � 7.82,
P � 0.00. No statistical significant main effect for
feedback condition, F � 0.24, P � 0.63, and no
interaction effect (feedback condition � block) was
found, F � 1.00, P � 0.39. Concerning the older
adults, no statistical significant effects were found on

FIGURE 2 RMSrel as a function of blocks for baseline, acquisition, and retention.
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main effect for block, F � 1.19, P � 0.33, main effect
for feedback condition, F � 0.02, P � 0.90, and
interaction effect, F � 1.11, P � 0.35.

The second part of the analysis consisted of the
two-way ANOVA (age category � block) for re-
peated measures on the second factor, performed
separately for the feedback timing conditions con-
current and terminal. The concurrent condition
showed a statistical significant main effect for
block, F � 3.24, P � 0.04, and for age category, F
� 9.53, P � 0.01. No statistical significant inter-
action effect (age category � block) was found, F �
0.03, P � 0.98. The terminal condition only
showed a statistical significant main effect for age
category, F � 6.40, P � 0.02. No statistical signif-
icant effects were found on main effect for block, F
� 2.01, P � 0.16, and interaction effect, F � 3.15,
P � 0.06.

Retention Phase
Again, two parts of analysis were performed.

The first part that was performed separately for
both age categories concerned the two-way ANOVA
(feedback condition � block) for repeated mea-
sures on the second factor. For young adults, no
statistical significant effects were found on main
effect for block, F � 2.20, P � 0.16, main effect for
feedback condition, F � 0.31, P � 0.56, and inter-
action effect, F � 0.10, P � 0.75; and for older
adults on main effect for block, F � 0.24, P � 0.63,
main effect for feedback condition, F � 0.09, P �
0.77, and interaction effect, F � 1.17, P � 0.30.

The second part of the analysis consisted of the
two-way ANOVA (age category � block) for re-
peated measures on the second factor, performed
separately for the feedback timing conditions. The
feedback timing conditions only showed a statisti-
cal significant main effect for age category; concur-
rent condition, F � 21.38, P � 0.00, and terminal
condition, F � 8.00, P � 0.01. For concurrent
condition, no statistical significant effects were
found on main effect for block, F � 1.44, P � 0.25,
and interaction effect, F � 0.02, P � 0.91; and for
terminal condition on main effect for block, F �
0.62, P � 0.45, and interaction effect, F � 2.06,
P � 0.17.

DISCUSSION
The present study compared the effects of tim-

ing of myofeedback on learning muscle relaxation
in two age categories (young and older adults). Due
to the small simple size used in this study, we must
be cautious when interpreting the data. This is
especially the case in the group of older adults
because aging is a highly personal process, with
individuals possiblly being different from each oth-
er.4

As expected and indicated by the significant

main effect for block during baseline and acquisi-
tion, young adults succeeded to lower their muscle
activity while performing the gross motor task;
that is, they improved their performance. In con-
trast, older adults did not improve their perfor-
mance of the relaxation task. No statistical signif-
icant main effect for block was found. The latter
result is in contrast to the findings of Hermens and
Hutten.16 Their study indicated that the use of
myofeedback can result in a change of trapezius
muscle activation pattern in patients with work-
related musculoskeletal pain. Palmerud et al.25

showed that a redistribution of activity takes place
as the subject endeavors to minimize the signal
level from the trapezius muscle. We expected that
healthy subjects were also able to change this mus-
cle activation pattern in the completion of a given
task as was reflected in the study by Voerman et
al.18 Apparently, this was just the case for young
adults and not older.

To explain this lack of improvement in older
adults, it can be argued that the provided informa-
tion about the muscle activity (myofeedback) used
in the present study was too complicated for older
adults to interpret. The age-related changes in cog-
nitive processing3 possibly hindered them to com-
prehend this specific information and use it to
improve their performance. In addition to this ar-
gument, Swinnen et al.26 argued that learning new
motor skills in older adults is more susceptible to
the influence of previous learning than it is for
younger adults. Old habits, over learned tasks, and
naturally preferred or automated processes seem
particularly difficult for older adults to inhibit
when trying to perform tasks in which these pro-
cesses must be suppressed.

The first purpose of the present study was to
examine whether concurrent or terminal timing of
augmented feedback is most effective in facilitating
motor skill learning. Regardless of age, no signifi-
cant interaction effects were found between the
two feedback timing conditions on both acquisition
and retention phase. These results do not support
the predictions based on the guidance hypothesis,
according to which the dependence on augmented
feedback can be decreased by reducing the avail-
ability of the feedback.14,15

In accordance with the present results,
Wishart and Lee12 encountered a similar failure to
replicate previous findings based on the guidance
hypothesis. They found for both young and older
adults that relative frequency conditions of aug-
mented feedback do not have a differential influ-
ence on learning a motor skill during any phase of
the experiment. Also, Mulder and Hulstijn27

showed no difference between the effect of concur-
rent and terminal myofeedback in learning volun-
tary abduction of the big toe. They suggested that
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the timing of feedback is not the main factor in
myofeedback, but rather the specificity of the in-
formation.

In the present study, the lack of differences
between the two feedback timing conditions could
be caused by the response complexity of the task.
The relaxation task used in this study is very dif-
ferent from the tasks that were typically used in
motor learning research.1,2 Motor learning re-
search usually concerns simple, one-dimensional
tasks that generally require little response com-
plexity. The task in this study requires an interac-
tion between more influential factors like actual
performance factors (posture, placement of the
bottle, and pace of the movement according to the
metronome) and physiologic factors (stress, mus-
cle fatigue, and energy level). In accordance with
this, Swinnen8 challenged in a review the current
understanding of the detrimental guiding role of
augmented feedback on motor learning in that the
role of feedback may be quite task (and subject)
specific.

The second purpose of the present study was to
examine the combined effect of age and timing of
augmented feedback on motor skill learning. Re-
gardless of the timing condition of myofeedback,
young subjects performed the task with lower mus-
cle activity than older adults did both during the
acquisition trials (when myofeedback was pro-
vided) and during the retention trials (when
myofeedback was withheld) as illustrated in Figure
2 and by the significant main effects for age cate-
gory. In accordance with the present results,
Laursen et al.28 found in their study higher levels
of EMG activity in older adults compared with
young adults. Their explanation was that the
changed motor control in older adults necessitates
an increased muscle activity. The higher levels of
EMG activity indicate a relatively higher effort of
the older adults. Considering that the absolute
mechanical load was very similar for both age cat-
egories, a decrease in mechanical output of the
muscles might contribute to this finding.

Based on previous results of studies examining
the combined effect of age and learning variables
on motor skill learning,9–12 we expected no differ-
ences in the manner motor learning was facilitated
by the variable timing of augmented feedback for
both age categories. The absence of any interac-
tions of age with the timing conditions supports
the contention that older subjects used the con-
current and terminal timing conditions in a similar
manner as young adults did. However, because
older adults did not improve their performance
throughout the experiment, this finding should be
interpreted with caution. The chosen task did not
illustrate the effects of timing of augmented feed-
back for the older adults, that is, either timing

condition was equally helpful to young adults,
while neither was helpful for older adults.

From motor learning research, there is evi-
dence that as task complexity increases, the differ-
ences in motor performance between young and
older adults increase.29 It is possible that a more
complex motor task (like the specific tasks used in
the present study and in the study by Wishart et
al.13) would elucidate the age-related changes in
the use of learning variables. Further research is
needed to examine the role of augmented feedback
on the learning of motor skills in older adults,
particularly as it relates to the complexity of the
specific motor tasks. Perhaps using another less
complicated type of feedback, older adults are able
to improve the relaxation task as presented in this
study. The impact of the present study on the use
of myofeedback systems (e.g., as used by Hermens
and Hutten16) is that the treatment program
should be carefully evaluated (and possibly ad-
justed) when treating older patients to increase
their level of muscle rest.
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