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Abstract
Introduction. External focus instruction and self-controlled feedback have beneficial effects on motor learning. The purpose of
the present study was to investigate the benefits of combined effects of external focus instruction and self-controlled feedback
on balance performance in older adults. Material and Methods. Forty older adults (mean age: 63.21 ± 3.6 years; all female) were
selected and randomly divided into 4 groups: self-controlled feedback, external attention, external attention/self-controlled
feedback and control group. The task of standing on the platform of the stabilometer device and trying to keep the platform
horizontally as much as possible was performed in each 30-sec. trial. The participants of self-controlled group received feedback on the timing of balance after the trials. In the external focus of attention, participants noticed the signs that were located
horizontally ahead of their feet. The test was conducted in two sessions. In the acquisition phase, 10 trials of 30 seconds were
performed and the retention test was completed 24 hours later as 5 trials of 30 seconds. Results. The results of mixed ANOVA
on time data as an indicator of balance in the acquisition phase showed that the mixed group of external focus of attention and
self-controlled feedback had better performance than the other groups (p = 0.004). In the retention test, the results of mixed
ANOVA showed that the participants in the combined group of external focus and self-controlled feedback had better performance than the other groups (p = 0.006). The external focus of attention and self-controlled feedback performed similarly, and
both were superior to the control group (p < 0.05). Conclusions. The results of this study, supporting the OPTIMAL theory
of motor learning in the elderly, showed that the combination of two factors of external focus and self-controlled feedback has
a double advantage over the presence of each of the factors. Therefore, it is suggested that the combinations of external focus
instructions and self-controlled feedback should be used to improve performance and motor learning in the classes of practical
and clinical rehabilitation fields.
Key words: focus of attention, self-controlled feedback, motor performance, dynamic balance, elderly, OPTIMAL theory of
motor learning

Introduction
Aging involves complex structural and functional changes
in the brain that lead to reduced cognitive and motor performance [1]. The nervous system that organizes sensory inputs for
balancing changes at the beginning of aging [2]. Disruption in
the balancing performance is one of the secondary consequences of aging [3]. Balance is the ability to maintain the center of
gravity on the surface of the body with minimal change [4]. It
is also one of the indicators of independence in daily activities
[5]. Weakening of the balance due to increased age is the biggest
reason for falling that is a common and serious problem in the
elderly [6]. Therefore, it is necessary to consider some educational strategies and plans to increase the elderly balance and
reduce the risk of falling [7]. Previously, it was believed that the
balance control would occur automatically, including multiple
synaptic pathways within the spinal cord, brain stem and without cerebral involvement and cognitive activities of higher levels. However, a lot of research has provided evidence based on
the role of paying attention and cognition in balancing control
[8].
One of the ways to improve balance is to consider the focus
of attention. The results of many studies showed that one of the
important factors influencing the implementation and learning of motor skills is the focus of attention [9]. The instructions
that guide one’s attention towards body movements are referred

to as internal focus of attention, and in contrast, external focus
of attention refers to focusing on the effects and outcomes of
movement in the environment [9]. In this regard, many studies
have highlighted the external focus of attention; this superiority
has been shown to increase the effectiveness (accuracy and distance) and efficiency (kinetic and kinematic indices) of movements, regardless of the skill level of the performers [9, 10]. For
example, in the study on 36 children, Abdollahipour et al. [11]
showed that the practice of external focus of attention instructions led to more accuracy in bowling compared to the control
group and internal focus of attention. Chiviacowsky et al. [7]
also concluded that the external focus of attention group had
better performance than the internal focus of attention group.
Another factor that affects the implementation and learning of balance is how to receive and process feedback. Feedback
can be received internally by people themselves or from an external source [12]. One way to receive feedback is through selfcontrolled situations (in the context of autonomy support), in
which the learner receives feedback as self-control and at his/
her own choice; this method can improve learning and motor
performance [13]. Autonomy support is referred to as an expression of individual autonomy or the freedom of an individual to
determine his/her actions [14].
The studies in this area have shown that providing opportunity in determining the timing of feedback can be useful for
motor skill learning. For example, Chiviacowsky and Lessa [15]
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showed that feedback choices could increase motor skill learning in the elderly. In another study on 36 elderly persons, Lessa
and Chiviacowsky [14] also found that allowing elderly participants to choose the amount of practice supports their needs of
autonomy and exerts a positive influence on motor learning.
Wulf and Lewthwaite [16] have recently proposed the OPTIMAL theory of motor learning. According to this theory, three
important factors are mentioned that affect the acquisition
and learning of motor skills. The first factor is the application
of external focus of attention that is likely to facilitate learning
in comparison to internal focus [9, 17, 18]. Autonomy or selfcontrol condition is a motivational variable and it is the second
effective factor in Wulf and Lewthwaite’s OPTIMAL theory of
motor learning. The last factor is enhanced expectancies. Based
on the OPTIMAL theory of motor learning, by improving the
coupling of goals with actions, motivational and attentional factors lead to improving performance and motor learning [16].
To date, numerous studies have examined individual effects
of each of the three above-mentioned factors on motor learning
in different groups. However, given the OPTIMAL theory of motor learning [16], this effect can be increased when these attentional (external attention) and motivational (enhanced expectancies for future performance and autonomy support) factors
are used together in workouts [16]. In this regard, several studies
have recently investigated the additive effects of attentional and
motivational variables on performance and motor learning. For
example, in adult-age research, Pascua et al. [19] showed that
the performance of both groups of enhanced expectancies and
external focus of attention increased in the retention test and
transfer of a throwing task. In another study, Wulf et al. [13] investigated the additive effects of all three factors of the OPTIMAL theory of motor learning (external attention, self-controlled feedback and enhanced expectancies). The results of their
research point once again to the positive effects of combining all
three factors on motor learning and support the OPTIMAL theory of motor learning. Abdollahipour et al. [11] also studied the
external focus of attention and autonomy support of collective
benefits for motor performance in children. Their findings also
supported the OPTIMAL theory of motor learning in children.
However, due to the lack of studies in this field and the need
to do further research in order to test the OPTIMAL theory of
motor learning and to review the generalizability of this theory in other age groups such as the elderly, the present study
seeks to answer the following question: can the external focus
of attention and self-controlled feedback, along with their individual effects, have additive effects on improving the balance of
elderly people?
Material and methods
Participants
This research was a quasi-experimental study and was approved by the ethical committee of a local university for biological research. The participants were 40 healthy elderly individuals (age = 63.21 ± 3.6 years; all female) who met the criteria for
entering the study. They were selected using the convenience
sampling method and divided randomly into four experimental
groups (each group included 10 elderly persons). The criteria for
entering the study included age over 60, normal vision, no brain
damage and orthopedic injuries, an ability to stand for at least
one minute and walk the distance of 10 meters independently,
and also an ability to follow simple commands [20]. The exclusion criterion was an inability to perform static and dynamic
tasks independently and without a cane.
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Apparatus and task
In the present study, learning and motor performance were
reported as the amount of time needed to maintain dynamic
balance in the elderly. The stabilometer was used to measure
dynamic balance [21]. This device includes a moving plate (platform), a chassis and a control unit. After standing on the platform, the person should hold the plate in a horizontal position.
The distortion of the participant’s balance and deviation to the
left and right caused the stabilometer device to record the deviation from balance. At that moment, the light faced by the
person changed from green to red. This device has different timings of 15, 30, 60 and 90 seconds. The timing of 30 seconds was
used in the present study. This device has been used in a lot of
research in the field of motor learning [7].
Procedure
The participants took part in the laboratory tests according to the defined timetable. They gave their written informed
consent to participate in the tests. They study included the experimental groups (external focus of attention, self-controlled
feedback and external attention/self-controlled feedback) and
the control group. The participants from the external attention/
self-controlled feedback group yoked with the external attention
group, while the self-controlled feedback group yoked with the
control group. All the participants were beginners in terms of
skill level and had no previous acquaintance with the task. Prior
to the task performance, the participants were provided with
information on the method of performance and how to receive
feedback information and instructions from the external focus
of attention. After seeing and hearing the basic information,
the researcher demonstrated the working way on the balance
device to the participants several times. The participants performed two trials of 15 seconds without feedback and attentional instruction on the balance device to familiarize themselves
with the task. Subsequently, the participants stood on the balance plate in such a way that the legs were opened a little more
than the width of the shoulders, and the hands were stretched
along the shoulders, the trunk and the head were placed in the
same direction. After being assured of the participant’s readiness for the practice trials, the start button was triggered. At the
same time, the light determining the balance state was hidden
for the participants. Given that the participants did not see the
balance keeping time and the balance light and could not use
the feedback information, they were given feedback based on
the placing in the particular group. The participants in the selfcontrolled group received feedback on the balance time after
the trials. The participants paid attention to the signs on the
horizontal surface, two colored circles with a diameter of 3 cm
on the platform and about 20 cm ahead of the participant’s feet,
in the condition of external focus of attention. The participants
from the external attention/self-controlled feedback group received simultaneous self-controlled feedback and external attentional instructions while performing the task. In the control
group, the participants performed the balancing task without
any attentional instruction and feedback. As long as the participant was keeping his balance, the stabilometer’s light was green,
and when the participant was not keeping his balance, the light
was red. The participants completed the acquisition phase; 10
trials of 30 seconds were performed with 90 seconds of rest between the trials at this stage. The retention test was carried out
24 hours after the completion of the acquisition sessions; the
participants performed 5 trials of 30 seconds on the balance device without instructions, reminders or feedback.
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Data Analysis
After collecting the data, descriptive statistics such as mean,
standard deviation, tables and charts were used to analyze the
data. Also, parametric inferential statistics such as mixed ANOVA with Bonferroni posttest were used at the significant level of
p ≤ 0.05. The η2 index was used to report the effect size and data
were analyzed with SPSS software, version 22.

tion group (19.68 ± 0.97) and the self-controlled feedback group
(20.22 ± 0.99) performed similarly and both were superior to
the control group (7.64 ± 0.98; Fig. 1).
Discussion
The purpose of this study was to investigate the additive
effect of external focus of attention and self-controlled feedback on balance in the elderly in order to test the Wulf and
Lewthwaite’s OPTIMAL theory of motor learning in older
adults. The findings showed that in the acquisition phase, all
groups experienced significant performance improvement in
the practice trials and the combined group of external attention
and self-controlled feedback showed considerable performance
improvement compared to the other groups. In the retention
test similar to the acquisition phase, the results showed that the
external attention/self-controlled feedback group had better
performance than other groups. Also, the performance of the
self-controlled feedback group and the external attention group
was better than that of the control group.
In their research supporting the OPTIMAL theory of motor learning, Wulf et al. [22] showed that the additive effects of
two factors of external attention and self-controlled feedback in
adults can improve motor learning. Abdollahipour et al. [11] also
studied the OPTIMAL theory of motor learning in children. The
results of their study supported the theory in the children community and showed that the combination of external attention
and self-controlled feedback can have more positive effects on
each factor alone in improving motor learning. Recently, Ghorbani [23] has also studied the test of OPTIMAL theory of motor
learning in adults and investigated the motivational effects of
enhanced expectancies and autonomy support on motor learning. His research findings also supported the OPTIMAL theory
of motor learning. The results of the present study by extension
of the results of the research by Wulf et al. [22], Ghorbani [23]
and Abdollahipour et al. [11] supported the OPTIMAL theory of
motor learning even in the elderly.
Based on the OPTIMAL theory of motor learning, an attentional factor (external attention) and two motivational factors
(autonomy support and enhanced expectancies) together create

Results
Acquisition
The results of 4 (four experimental groups) × 10 (number
of practice trials) mixed ANOVA on time data as an indicator
of balance at the acquisition phase showed that the main effect
of the acquisition phase was significant, F(9, 324) = 11.12, p =
0.0001, η2 = 0.23. In other words, all groups experienced significant improvements in balance performance during acquisition sessions. The main effect of the group, F(3, 36) = 41.41, p =
0.0001, η2 = 0.77 and the interaction effect, F(27, 324) = 1.93, p
= 0.004, η2= 0.13 were also significant. Based on the results of
the Bonferroni post hoc test, it was found that the participants
in the combined group of external attention/self-controlled
feedback (21.59 ± 0.96) had better performance than the other
groups. The external attention group (17.36 ± 0.95) showed better performance than the self-controlled feedback group (15.59
± 0.96) and the control group (21.59 ± 0.94). However, the participants from the self-controlled group were better than the
control group (Fig. 1).
Retention
The results of 4 (four experimental groups) × 5 (number of
practice trials) mixed ANOVA on time data as a balance index in
the retention test showed that the main effect of the retention
phase was not significant, F(4, 144) = 0.68, p = 0.6, η2 = 0.01.
The main effect of the group F(3, 36) = 60.20, p = 0.0001, η2=
0.83 and the interaction effect F(12, 144) = 2.47, p = 0.006, η2 =
0.17 were significant. Based on the results of Bonferroni post hoc
test, it was found that the participants in the combined group of
external attention/self-controlled feedback (26.6 ± 0.99) had
better performance than the other groups. The external atten-
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a more productive learning environment [16]. It seems that external attention plays a dual role by focusing directly on the purpose of the task and reducing focus on itself (like body movements). In other words, in the context of external attention, the
participant, by focusing on the effects of moving in the environment, allows his/her motor system to be more self-organized in
the process of automated processing and this self-organization
results in improved performance and motor learning [10, 24, 25,
26]. Considering that balance keeping requires the integration
of various types of sensory and motor information such as vestibular, visual and proprioceptive information, and due to the
decreased efficacy of these senses in the elderly, it is believed
that the adaptation of an external attentional focus has led to
better use of sensory inputs and compensated to a large extent
the loss of sensory systems involved in controlling balance in
older adults [7].
In the OPTIMAL approach, autonomy support or self-controlled feedback conditions play an effective role in improving
learning and motor performance. Halperin et al. [27], for example, showed that boxers in the condition of autonomy support
with their small choices improved their motor performance. It
seems that having control over practice and how to receive feedback and autonomy support leads to an increase in expectations
for positive outcomes. Therefore, it can be concluded that people in autonomy conditions improve their learning and motor
performance due to the fact that they have enhanced expectancies.
In cases where autonomy support is low and the person
has no choice, the level of cortisol increases and subsequently
dopamine decreases. This decrease can lead to loss of performance and motor learning. Based on the OPTIMAL theory of
motor learning, individuals increase their motor performance
in autonomy support conditions by improving the connection
between target and action [16, 23].
In the OPTIMAL theory of motor learning, external attention and autonomy support (in addition to enhanced expectancies) are seen as key factors in the process of creating effective
neural connections in order to support performance and motor learning [28]. Implementation under optimal motivational
conditions (e.g., self-controlled feedback) and external focus
of attention facilitate functional communication and will have
specific neural connections between brain regions, which ultimately leads to improved motor learning [11, 16, 23].
It seems that effective structural connections in the brain
regions provide the way for efficient connections in brain networks. The conditions of autonomy support help to strengthen
the goal-efficient action connection by providing a motor system
for doing the task. The practice conditions that create positive
motivation with autonomy support facilitate motor learning by
producing dopamine for online and offline memory consolidation and neuroplasticity changes such as structural and functional connections [28, 29]. In particular, relatively challenging
practice provides conditions for enhancement and continuation
of dopamine [30]. Some of the benefits of autonomy support
and external focus of attention occur by facilitations in changes
within and across the brain networks [13]. Proximity and connectivity of motivational and sensory-motor systems, perhaps
in remarkable networks, change precision from default mode to
the corresponding motor networks, which transforms into a position to strengthen the goal-action coupling.
The present study supported the OPTIMAL theory of motor
learning in the elderly; however, there were some limitations.
Among the limitations of this research, we can mention a small
number of training sessions and a small sample size. Therefore,
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it is suggested that future studies should include more days and
sessions, the measurements of long-term effects of learning as
well as a larger sample size. It is also suggested that enhanced
expectancies add to two other factors and the test of the OPTIMAL theory in the elderly in the existence of all three factors.
Conclusion
Regarding the results of this research and the superiority of the effectiveness of the combined external attention and
self-controlled feedback, it is suggested that sports coaches
and physiotherapists should use the instructions of external attention and self-controlled feedback simultaneously in sports
classes and in elderly clinical rehabilitation to improve learning
and motor performance.
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