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ABSTRACT

The purpose of this study was to determine the effect of attentional focus and Somato-sensory
manipulation on postural control and EMG in elderly man. For this purpose 34 older man (mean of age =
70.7+2.6) were selected and divided into external and internal focus of attention groups randomly. The
task consisted of performing balance task, on foam and on inflatable cushions. Subjects in external group
instructed to focus on a picture located 6 meters from them. Subjects in internal group instructed to focus
on their ankle muscles. Megawin EMG system was used for recording electromyography of Tibialis
anterior, Preroneuslongus, Soleus and Gastrocnemius muscles and RMS of signals was obtained. Mixed
between- within ANOVA, two independent and paired t tests were used for data analyzing. Results
showed that the internal attentional focus had no significant effect on RMS in three conditions (p>.05).
External focus of attention had significant effect in conditions of standing on foam and standing on
inflatable cushions (p<.01). Also the effect of external attention focus was more effective in challenging
conditions. In total, this study showed the external attention focus can reduce muscle activity and more
economical movement. These results are in line with Constrained Action Hypothesis.

Keywords: Attention, Postural Control, Elderly, Constrained Action Hypothesis, Performance,
Electromyography

INTRODUCTION

Elderly is a natural phenomenon that all people will feel it in their life and is along with biologic changes
such as weakness, decreased muscular mass, reduced mobility, disability, disorder in motor coordination
and balance. All these changes lead to increased risk in elderlies (Granacher et al., 2011). One of the
reasons for injuries, disabilities and death in elderlies is stumbling and falling (Bogaerts et al., 2011). In
overall, falling is considered as the defect and deficiency in control of height due to change in
displacement of the body pressure center at the time of static and dynamic balance (Baloh et al., 1998;
Abrahamova et al., 2008). Although, most falling downs don’t lead to serious injuries, at least they affect
the feeling of efficiency and life quality of individual (Deci and Ryan, 2008; Playfer, 2001). Thus, it is
required to develop some training strategies and programs to increase the balance of elderlies and reduce
their risk of falling (Chiviacowsky et al., 2010). Standing is a motor balance skill in daily life that is
controlled by subcortical nervous structures and moto-neuron pool (Lacour and Borel, 1993). Although
standing is a simple postural task; however, it is well proved that standing requires cognitive resources
(Lajoie et al., 1993). In normal standing in young people, the least attention resources are required;
however, in challenging conditions such as standing on a narrow surface or standing on one leg, postural
tasks require more cognitive resources (Rushworth et al., 2003).

Disruption in control of body balance and stability in elder lies due to attention deficient and disorder has
been recently considered (Weeks et al., 2003; Woollacott and Shumway-Cook, 2002). Undoubtedly, the
elderlies require more cognitive resources at the time of performing postural tasks rather than youth
(Brown et al., 1999; Hoxhold et al., 2006).

Two aspects of attention that are more affected by elderlies are divided attention and selective attention.
Divided attention refers to the ability of simultaneously dividing attention to several assignments.
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Simultaneous performing of two tasks and allocating attention to two things at the same time is probably
more difficult for elderlies than youth. Concerning divided attention, elderly related changes become clear
when the measuring task is complex; however, at the time of performing easy and automatic tasks, they
are negligible (Hoyer and Roodin, 2009).

Selective attention refers to focus on related information and prevention of unrelated information. Related
changes to age lead to weakness in the ability to neglect unrelated information. In other words, the ability
of selective attention decreases (Kramer and Madden, 2008). In past decades, various studies have shown
that individual’s attention has significant effect on motor learning and implementation. Attention to body
movements at the time of body activity is relatively ineffective. On contrary, focus on the effects of
individual’s movement or environment leads to more effective implementation and learning (Zachry et
al., 2005). Studies have shown that early attention that is given by verbal instruction have significant
effect on learning and performance of individuals (Zentgraf and Munzert, 2009). Focus of attention is
referred to the act of directing attention to data sources or objects (Schmidt and Lee, 2006). The
instructions that direct the attention of individual toward body movement are internal focus of attention
and, on contrary, external focus of attention include directing the individual’s attention to environmental
effects of movement (Perkins et al., 2003).

McNenin et al., (2003) proposed constrained action hypothesis to describe various effects of focus of
attention on implementation. This hypothesis explains that external focus of attention facilitates motor
performance due to improvement of automatic control of movements. On contrary, internal focus of
attention leads to conscious and deliberate control of movement that leads to disruption of automatic
processing. This hypothesis explains the effect of focus of attention on implementation of most tasks and
activities such as basketball shooting (Zachry et al., 2005), balance tasks (Shea and Wulf, 1999;
Chiviacowsky et al., 2010) and vertical jumping (Wulf et al., 2007; 2010).

One way to evaluate movement automaticity is analysis of movement implementation in relation with the
parameters that show how movements are implemented automatically or consciously. One of these
parameters is electromyography, based on this, if the movement is consciously controlled, it leads to
higher electrical activity compared to the time when the movement is automatically controlled and in fact
in leads to more efficiency in movement control (Wulf et al., 2010). Electromyography studies have
shown that external focus of attention leads to reduction of electromyography indices compared to
internal focus of attention. In addition, it leads to more efficient and economic implementation of
movement (Zachry et al., 2005).

Vance et al., (2004) showed that muscular electrical activity is less in external focus of attention
compared to internal focus of attention. Zachry et al., (2005) also used surface electromyography of
neuromuscular system to measure the effects of focus of attention in basketball free shooting. In this test,
the subjects should either pay attention to their wrist motion or to basket. In addition to improvement of
precision of free shoot in external focus of attention, higher muscular electrical activity in biceps and
triceps in internal focus of attention indicates muscular stiffness that disrupt fine movement control. The
studies of focus of attention in some balance tasks of elderly society indicate the priority of external focus
of attention. For example, Chiviacowsky et al., (2010) in their study found that external focus of attention
leads to rapid learning of balance skill in elderlies. In addition, external focus of attention in the elderlies
affected by Parkinson disease also improved.

Landers et al., (2005) measured the oscillations of the ability to maintain balance in people affected by
Parkinson by a balance apparatus. The subjects under external and internal focus of attention performed
balance task. The scores of balance in external focus of attention condition was better that internal focus
of attention. They showed that the balance of patient affected by Parkinson cannot be improved by the
instruction of external focus of attention.

So far, no study has been done investigating the electromyography pattern in balance muscles of elderlies
treated by different instructions on focus of attention. Thus, the aim of this study is to investigate the
effect of focus of attention on muscular electrical activity of the selected balance muscles of elderlies.
Concerning the literature review, this question arises that whether the type of focus of attention can lead
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to more efficiency and automaticity in muscular electrical activity of the selected balance muscles in
elderlies or not. In addition, whether in challenging balance conditions of daily life of elderlies such as
walking on sand, walking on snow, passing the barriers and walking on narrow levels, that are assimilated
in this study by walking on the foam and standing on the inflatable pillow, can be effective or not?

MATERIALS AND METHODS

Methodology

This is a semi-experimental pretest-posttest study with two test groups. The statistical population of the
study includes male elderlies of age 65-75 in Tehran. To this end, from elderly male, a sample of 34
subjects was selected through simple non-probable sampling. The independent variables of the study were
focus of attention (external and internal) and manipulation of body sense in three levels and the dependent
variable includes the root mean square of data recorded from electromyography signal that was obtained
based on “microvolt”. The evaluating muscles include antigravity muscles, Tibialis anterior, peroneus
longus, soleus and gastrocnemius. After preparation of skin and installation of electrode on intended
muscles and in normal standing, standing on of foam and standing on inflatable pillow positionshy
MEGAWIN 6000 made in Finland, electromyography data were recorded.

In external focus of attention, the subjects were asked to pay attention to the image that was installed on
the opposite wall in 6 meter distance and in internal focus of attention; they were asked to focus on their
leg muscles. Data obtained in the initial stage (normal standing without intervention) was considered as
base data and the data obtained from three states of normal standing, standing on the foam and standing
on inflatable pillow with instruction of focus of attention (external and internal) were compared with base
level.

Kolmogorov—-Smirnov test was used to determine data distribution normality and Levene statistic was
used to determine the homogeneity of variances, mixed between-within ANOVA was used to determine
the main and mutual effects of two variables of manipulation and type of group and paired T test was
used to determine the effect of focus of attention (external and internal) on dependent variable.

RESULTS AND DISCUSSION

Results

The underlying variables of subjects in the present study include age, height, weight and rate of sport
activity in week. The results showed that internal and external focus of attention has not meaningful
difference in terms of mentioned underlying variables (P>.05) (tablel).

Table 1: Descriptive indices of external and internal focus of attention groups in terms of
gualitative underlying variables

Variable Mean SD

External Internal External Internal
Age 70.7 69.4 2.4 3.2
Height (cm) 175.8 174.8 5.08 4.06
Weight (kg) 81.1 80.1 9.62 7.6
Activity per week (h) 4.6 4.2 1.26 1.3

In the present study, despite the fact that the subjects of present study were randomly placed in external
and internal focus of attention groups, it was required to specify the difference between internal and
external focus of attention groups in the score of main variable (RMSMAX). Thus, independent t-test was
used to study the difference between external and internal focus of attention groups in RMSMAX index in
base state (normal standing without instruction). The results showed that external and internal focus of
attention groups had not meaningful difference in RMSMAX index at the beginning of the study (P>.05).
To evaluate the effect of focus of attention (internal and external) on various levels of manipulation
(normal standing, standing on foam and standing on pillow) in electromyography index of RMSMAX,
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mixed between-within ANOVA (3*2) was used. The results showed that in RMSMAX index, the
interaction of focus of attention and manipulation level was not meaningful in none of the muscles
(P>.05). Moreover, the main effect of manipulation level and the main effect of focus of attention was
meaningful in all muscles (p<.05) (table2). Furthermore, the effect factor of each of the effects has been
presented in the table. As seen, all effect factors of main effects are above 0.7 that indicate relatively high
effect factor (Field, 2009). To compare the mean scores before and after proposing external focus of
attention instruction in RMSMAX index of leg muscle in various states, correlated t-test was used. The
results showed that external focus of attention had not meaningful effect on RMSMAX index of various
leg muscles in normal standing position (p>.05); however, external focus of attention had meaningful
effect on this index in various muscles of leg in standing on foam position (p<.05). In standing on pillow
position, the results showed that external focus of attention had meaningful effect on RMSMAX index of
selected muscles of leg (p<.05). In internal focus of attention group, the results of correlated t-test showed
that internal focus of attention had not significant effect on RMSMAX index of selected muscles of leg in
normal standing, standing on foam and standing on infallible pillow (p>.05).

Table 2: Statistical indices related to the study of the main and interactional effects of focus of
attention and manipulation levels on RMSMAX electromyography index

Leg muscles  Statistical index Intergroup df  Intragroup df  WilksLambada F Eta
Effect type squared
Main effect of 1 29 --- 51.5%* 0.79
focus of attention
= Main effect of 2 30 0.018 72.8*%* 0.84
é manipulation level
s Focus of 2 30 0.51 2.14 0.15
'S attention*
g manipulation level
Main effect of 1 29 41.4** 0.76
focus of attention
Main effect of 2 30 0.015 53.2** 0.79
< manipulation level
3 Focus of 2 30 0.85 0.91 0.17
> attention*
§ manipulation level
Main effect of 1 29 38.8** 0.75
focus of attention
Main effect of 2 30 0.075 45.2** 0.77
manipulation level
Focus of 2 30 0.81 2.67 0.18
=1 attention*
.D‘._? manipulation level
Main effect of 1 29 21.2** 0.72
focus of attention
Main effect of 2 30 0.021 41.5%* 0.76
manipulation level
Focus of 2 30 0.91 2.58 0.17
3 attention*
3 manipulation level

*

*

Meaningful in 0.01
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Discussion and Conclusion

The aim of this study is to investigate the effect of focus of attention and manipulation of body sense on
muscular electrical activity of selected balance muscles in elderlies. Data analysis showed that focus of
attention instruction had been effective on electrical muscular activity in some manipulation levels. One
of the research findings showed that external focus of attention had no effect on electrical activity of
selected muscles in normal standing position. The results of present study were consistent with Lohse et
al., (2011) and Kal et al., (2013) studies and didn’t match with Vanse (2004) and Zachry (2005). Lohse
showed that although external focus of attention leads to less error and less muscular electrical activity in
antagonist muscles, it had no effect on agonist muscles. He claimed that external focus of attention leads
to effective use of muscular units and contractile in muscles has decreased; thus, the performance
improves. However, in contrary, internal focus of attention has decreased effective motor control in force
production; thus, contractile has increased and efficiency decreases. Kal et al., (2013) studied the effect
of focus of attention on the automaticity of movement. The subjects performed leg flexion and extension
tasks in both states of focus of attention and simultaneously registered electromyography data of leg
muscles. The results showed that although external focus of attention leads to better, effective and easier
motor performance, the muscular electrical activity had no difference with each other in both focus of
attention states.

Vance (2004) and Zachry (2005) claimed that external focus of attention had positive effect on muscular
electrical activity in their study and external focus of attention had decreased the muscular electrical
activity not only in the muscles that the subjects focused on; but also in the close muscles.

This reduced electrical activity in external focus of attention was interpreted as more economic efficiency
in movement. External focus of attention (focus on wrist muscles) constrained their motor system and led
to stabilization of degrees of freedom; however, EMG reduction in external focus of attention indicates
more effective coordination between agonist and antagonist muscular groups (Zachery, 2005).

Although in standing on foam and pillow position, the rate of electrical activity of selected muscles
increased; compared to groups in standing on foam and pillow positions and with external and internal
focus of attention instruction in standing on foam and pillow positions without focus of attention
instruction, the results indicate decreased electrical activity of muscle in external focus of attention state.
The results in standing on foam position was consistent with Lohse (2010) and inconsistent with Wulf
(2010). Lohse (2010) showed that external focus of attention leads to improvement of movement
economy through reduction of agonist and antagonist muscles activity and increased change of
movement. While, Wulf (2010) claimed that in vertical jumping task at the beginning of muscular
activity, no meaningful difference was observed between external and internal focus of attention.
According to Wulf (2010), internal focus of attention leads to false neural reactions or noise in
neuromuscular system such that this noise constrains maximum power production; however, external
focus of attention decreases noise in neural system and leads to more efficient and economic
neuromuscular control. Lohse (2011),claimed that when the subjects select internal focus of attention,
action and performance will be constrained due to ignorance of automatic control mechanisms. When
individuals consciously try to control their movements, they constrain motor system through intervening
in processes that naturally regulate movements; thus, automatic and effective control processes of
movement will be ruined (Lohse et al., 2011).

According to Masters and Maxwell (2002) hypothesis, obvious processing hypothesis, at the time of
internal focus of attention, individuals pay attention to internal data sources and process external
highlighted data. Thus, the internal focus of attention instruction applies more loads on working memory.
More pressure or load on working memory is along with weaker performance in internal focus of
attention conditions. Disruption of more skill treated by secondary task in internal focus of attention
indicate high attention load related to skill on working memory since internal attention leads to
accumulation of task data (Polton et al., 2006).

In standing on pillow position, the results indicate positive effect of external focus of attention on
reduction of muscular electrical activity and the results of the study matched with the results of Vance
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(2004), Lohse (2011), Marchant (2009, 2011) who showed that external focus of attention leads to
reduced muscular electrical activity and more efficient and effective movement (McNovin et al., 2003).
Marchant et al., (2009, 2011) claimed that internal focus of attention leads to false neural inputs or noise
in neuromuscular system and this noise constrain maximum power production. However, Zachry (2005)
argued that external focus of attention decreases noise in neural system and leads to more efficient neural
control, this is while if the external focus of attention leads to more automaticity than internal focus of
attention, it is expected that more distinct motor ways is used or more distinct movements happen under
external focus of attention condition.

The shared coding of perception and action of Prinz theory is a document on the priority of external focus
of attention. This theory asserts that despite traditional opinions that assumed there are different coding
systems for users and data providers, just they can be produced commonly just in a far retrieval level. It
means that this is the only framework that is accepted for shared coding and planning. Perception and
action planning are based on approaches that are beyond the body. He argues that if the actions are
planned based on their perceived results, they will be more effective. Thus, the advantages of focus on the
effects of movement instead of focus on the movement itself are along with shared coding theory (Wulf
and Prinz, 2001). The results of present study showed that external focus of attention can be effective in
challenging conditions for maintaining balance and efficiency. The findings can be used for rehabilitation
intervention in implementation and learning of various motor skills. It is better that during rehabilitation
interventions, the attention of elderly subjects be directed toward external data sources. In addition, it is
possible to develop intervention programs for elderlies and train them on that during performing some
tasks that require maintaining balance in challenging condition such as walking and standing on unstable
levels, walking on wet surfaces and walking and standing on the snow and ice and most risky conditions,
direct their attention on external data sources rather than their body. Although most previous studies have
provided and offered evidences on priority of external focus of attention on reduced muscular electrical
activity and thus improvement of the efficacy of the movement and its automaticity, this study also
provided other evidences in this context.
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