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Effects of motor and cognitive loads on postural
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ABSTRACT
Traditionally postural control was considered an automatic task, currently it is considered a process that
involve higher control levels. The aims of study were to investigate the effects of cognitive and motor
secondary tasks on postural control in healthy students and reveal which of two tasks have a greater impact
on simple task. We enrolled eleven healthy children, who were asked to perform the following task: standing
with open eyes and performing the same task while performing a cognitive (an n-back subtraction) or motor
(finger tapping) dual task (DT). Our results demonstrated that both DT affects the postural control.
Specifically, we find higher Centre of Pressure (COP) sway area during cognitive DT as compared to both
single task and motor DT. Furthermore, results showed higher COP oscillation velocity in anteroposterior
direction during cognitive DT then motor DT. Moreover, this parameter was significantly different in single
task compared to motor DT. However, the secondary cognitive task showed a greater impact on postural
control then motor secondary task on postural control. Our findings may be applied in school setting to
elaborate motor programs useful to improve the postural stability and the ability to perform two tasks
simultaneously.
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INTRODUCTION
In school setting the attentional deficits are a crucial topic, frequent lapses in attention, recurrent postural
changes and restlessness are well known. Several factors could affect the attention, for example, when
students perform two tasks simultaneously, the attention requests could compete and limited attention span
may contribute in performing one or both tasks less efficiently (Woollacott and Shumway-Cook, 2002; Yogev‐
Seligmann et al., 2008). It may be important to understand which factors compete for attentional resources
while students are performing different tasks, in order to create an environmental school more conducive to
learning (Raiola et al., 2014; Raiola and Tafuri, 2015).
Attention is a cognitive process defined as the information processing capacity (Yogev‐Seligmann et al.,
2008). According to Kahneman’s model, this process has a limited capacity and the execution of a tasks
requires a portion of that capacity (Kahneman, 1973).
Traditionally, postural control was considered an automatic and reflex-dependent task, suggesting that
postural control systems use higher attentional minimal resources. However in recent decades, scientific
studies have shown that postural stability is a complex skill based on the interaction of dynamic sensorymotor processes that develop on different hierarchical levels, higher “controlled” and lower “automatic” levels
of processing (Jacobs and Horak, 2007). Evidence showing the involvement of higher control levels in
balance is based on studies that have demonstrated the theory of movement-specific reinvestment (Masters
and Maxwell, 2008), in which conscious processing of movement while maintaining a posture has been
manipulated. Masters et al. have observed that a reduction in superior control towards postural control, which
can occur when attention is directed internally, could increase the probability to interrupt the automated motor
execution. When the attention is focused internally, self-regulation mechanisms are triggered through which
the performer assesses whether his movement corresponds to the performance that has as its objective. If
the execution of the movement corresponds to the objective, the self-regulation mechanisms tend to
decrease, while if there is no correspondence the subject tends to increase the requests for internal attention
to reduce this discrepancy. Therefore, a specific reinvestment of movement which corresponds to a
reinvestment of actions and perception with attention, could interrupt the automation of movement. The
involvement of the higher control levels in postural control therefore falls within the theoretical framework of
learning skills proposed by Fitts and Posner (Fitts and Posner, 1967). The involvement of higher or lower
control levels depends on the characteristics of the postural task, the age of the individual, the ability to
balance and the environment in which the subject moves.
In recent years, the relationship between cognition and movement has been investigated through the dual
task paradigm (Woollacott and Shumway-Cook, 2002; Yogev‐Seligmann et al., 2008). This paradigm
provides for the simultaneous execution of two tasks in order to direct the attention of the performer to an
external source of attention (e.g., reciting the letters of the alphabet, counting backwards) while performing
a main task. In accordance with the hypothesis of constrained action (McNevin et al., 2003), a dual task
condition could result in a shift of the attention focus from the intern to extern, improving motor performance.
However, increased task complexity requires increased cognitive processing, and central interference could
adversely affect performance. The dual task effects are investigated in various populations including, people
with neurodegenerative disease (e.g. Parkinson, Alzheimer and Multiple sclerosis) (Jacini et al., 2018;
Liparoti et al., 2019; Rucco et al., 2017), as well as both young and older healthy adult (Gobbo et al., 2014;
Montuori et al., 2019; Raiola et al., 2015). Several studies about the dual task performance in healthy adult
have reported that the performance of the secondary task negatively affects motor ability. For example Kerr
et al. have been investigated the effects of attentional demands and the postural control in static condition in
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young adult comparing the spatial memory task respect to verbal memory task and they demonstrated that
the performance of a memory task with the concurrent balance task caused an increase of error numbers in
the spatial task (Kerr et al., 1985). However, in literature, studies about the effects of dual task paradigm
focused on the use of only a low cognitive demand dual task and the use of complex cognitive task or motor
task often it is not contemplated. Moreover, these effects are often investigated through the detection of
reaction times and although this is an efficient technique, it does not take into account the variations of
movement during the execution of the task. To overcome this problem, a biomechanical investigation could
be useful to quantify the effect of cognitive-motor interference on a main task such as the ability to maintain
postural stability in static conditions.
The 3D-Motion Analysis (3D-MA) techniques may be a suitable tools to study posture and how it changes
during different tasks providing quantitative measurements of spatiotemporal parameters (Troisi Lopez et al.,
2021). From biomechanical point of view, static balance is defined through the analysis of centre of mass
(COM) movements in relation to the base of support (BOS) (Lugade et al., 2011). Precisely the centre of
gravity (COG), that represent the projection of COM to the ground, should stay within the boundaries of BOS
in order to keep the balance. This static balance occurs when the displacement of the centre of pressure
(COP) through the feet is controlled and the body moves as a single segment like an inverted pendulum
(Rucco et al., 2018). Previous studies have investigated the impact of the difference in position between the
COP and COG on postural stability in static balance and it has been shown that a larger distance between
COG and COP indicate a greater body acceleration during quiet standing.
The present study was carried out in order to assess the effects of cognitive-motor dual task paradigm on
the ability to maintain the balance in static condition in healthy children students. To this aim we performed
a 3D-MA in a cohort of healthy children students under different task conditions performed while the
participants tried to maintain balance.
METHODS
Participants
Eleven healthy children students (nine males and two females) were recruited according to the following
exclusion criteria: (i) muscular or skeletal dysfunctions; (ii) neurological diseases; (ii) obesity. Our cohort
showed the following mean value of demographic and anthropometrics features: the age of 7.09 years ±
2.38, the weight of 32.5 ± 1.8 and the height of 132.1 ± 3.2.
Motion analysis evaluation
The motion analysis assessment was performed in the Motion Analysis Laboratory of the University of Naples
“Parthenope”. The evaluation was carried out by using a Stereophotogrammetric system equipped by 8
infrared cameras (ProReflex Unit-Qualisys Inc., Gothenburg, Sweden, with a frequency sampling of 120 Hz)
and at the same time information relating to ground reaction forces was collected by a force platform (Kistler
9260AA) (Liparoti et al., 2020; Rucco et al., 2020; Sorrentino et al., 2016). Fifty-five passive markers were
applied to each participant according to the modified Davis protocol on anatomical landmarks of feet, lower
limbs joints, pelvis, trunk, upper limb joints and head (Davis et al., 1991). The recorded data were processed
using a tracking data software (Qualisys Track Manager by Qualisys AB, Goteborg, Sweden) and a software
(Visual 3D by C-Motion Inc., Germantown, MD) to rebuild and model the skeleton. The 3D-MA and the force
platform were used to obtain the following parameters: COP area (area in mm² of the ellipse that includes all
the points of the COP measured and reported on a cartesian axis system), COG area (area in mm² of the
ellipse that includes all the points of the COG measured and reported on a cartesian axis system), average
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distance from ideal centre X (it is the distance in millimetres on the X axis (mediolateral axis) of the average
COG compared to the ideal COG), average distance from ideal centre Y (it is the distance in millimetres on
the Y axis (anteroposterior axis) of the average COG compared to the ideal COG), Vel max COGml & ap
(maximum velocity of displacement of the COG average expressed in millimetres per second on the
mediolateral and anteroposterior directions), Velmax COPml & ap (maximum velocity of displacement of the COP
average expressed in millimetres per second on the mediolateral and anteroposterior directions.
Experimental protocol
Participants were asked to remain in upright position while observing a fixed point on the wall (open eyes,
OE). Subsequently were asked to perform two tasks, proposed by the operator at random order: motor dual
task (MotDT, consisting of the finger tapping task, in which the thumb makes contact with other four fingers
of the dominant hand while they stood in an orthostatic position) and cognitive dual task (CogDT, counting
backward aloud by 7s from 100 while they stood in an orthostatic position). We recorded at least four trials
for each task condition.
Statistical analysis
Statistical analysis was performed using MATLAB (MathWorks®, version R2013a). The means and standard
deviations of the outcome measures were calculated. We computed the dual task cost (DTC) using the
previously published equation (Liparoti et al., 2019), where OE was the basic task output and DT was a dual
task output for a specific variable:
𝐷𝑇 =

𝑂𝐸 − 𝐷𝑇
× 100
𝑂𝐸

The normal distribution of variables was checked through the Shapiro-Wilk test. In order to compare, in all
task conditions, the 3D-MA parameters we used the Friedman test. Subsequently, the post-hoc analysis was
carried out using Wilcoxon test. The same test was used to estimate the cost of the dual task. The statistical
significance was defined as p < .05.
RESULTS
The statistical analysis showed significant different in two motion parameters, the COP area (χ 2 (df = 2, N =
11) = 3.45, p = .008) and the maximum velocity of COP anteroposterior (χ2 (df = 2 , N = 11) = 6.73, p = .001)
direction (Figure 1 A and B). In detail, the post-hoc analysis showed significantly higher COP area during
CogDT as compared to both OE (p = .013) and MotDT (p = .002). Furthermore, significantly higher maximum
velocity of COP in anteroposterior direction was exhibited in CogDT as compared to both OE (p = .041) and
MotDT (p = .001). In addition, also significant difference was showed between OE and MotDT (p = .001) in
velocity of COP in anteroposterior direction.
Finally, we compared the impact of DT on postural control (Figure 1 C) and we found that the CogDT condition
produced more consistent cost (p = .039) then MotDT.
DISCUSSION
This investigation aimed to detect the effects of interference attention, induced by the execution of two
different secondary tasks, motor and cognitive dual tasks, on postural control in children students.
Furthermore, we estimate which of the two secondary tasks had a greater impact on posture.
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We find higher oscillation COP area during cognitive secondary task as compared to both single and motor
secondary tasks. Our results also showed greater COP oscillation velocity in anteroposterior direction during
cognitive dual task compared to motor secondary task.

Plots of the centre of pressure (COP) during single-task (OE), cognitive dual task (CogDT) and motor dual task (MotDT) conditions
in children students. (A) Graph show higher COP area during CogDT respect to both OE and MotDT. (B) Graphs illustrate higher
maximum velocity of COP in anteroposterior direction during CogDT then both OE and MotDT. In addition, show significant
difference between OE and MotDT. C) Graphs illustrate higher impact of CogDT respect to MotDT in maximum velocity of COP in
anteroposterior direction.

Figure 1. Postural control assessment.
Maintaining postural control while standing is often considered an automatic task, requiring minimal attention
involvement and poor cognitive resources. However, even an automatic task when performed at the same
time as a cognitive or motor task can be compromised and cause loss of balance and control. Previous
researchers have studied the dual-task effects on postural control (Maylor and Wing, 1996; Rankin et al.,
2000; Shumway-Cook and Woollacott, 2000), however some of them have only evaluated the effects of
different cognitive dual task in different groups of participants and have not evaluating the effects of different
types of tasks, such as motor secondary task. At the same time, several researchers did not check the
secondary task load on the basic performance. In our study, we attempted to fill the gap of previous studies,
using two different types of dual tasks, cognitive and motor secondary tasks, in order to understand the
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effects of a greater demand for brain resources when participants perform different types of secondary task
and understand the degree of difficulty performing two tasks simultaneously.
In our study we have chosen a counting back task and a finger tapping task. The n-back task requires the
working memory involvement that is defined as an integral component of executive functions engaged in
complex cognitive coordination useful for the activity of daily living, since it allows to shifting attention from
one task to another and perform two tasks simultaneously. Working memory is a skill that develops linearly
during childhood and, depending on the maturation of the brain components, it reaches the adult level during
adolescence (Gómez et al., 2018). For this reason, we thought it was interesting to study the effects of a
secondary task that requires the involvement of working memory on postural control and to understand the
strategies necessary to maintain balance. Instead, the finger tapping task is a simple motor task that involve
the motor fatigue and motor learning. This task is useful to evaluate the rhythmic movement pattern and it is
commonly used in clinical assessment because it is sensitive to the rhythmic movement alteration. In
particular, this task includes repetitive and sequential movements representing respectively basic movements
that develop early and movements that require higher order skills in later development.
Our results revealed the difficulty to allocate an adequate attention and brain resources when the participant
perform a secondary task while maintaining the standing position, resulting in an unstable equilibrium as
demonstrated by higher total displacement of COP during secondary cognitive task then other conditions.
Although this result is interesting, it provides only a quantitative indication of the total COP shift and does not
provide specific indications about mediolateral or anteroposterior body shifts or information on the strategy
implemented to maintain balance and better manage cognitive load. To overcome this limit, we also
calculated the postural sway variations in mediolateral and anteroposterior directions in the three
experimental conditions (open eyes, cognitive and motor dual tasks). Our results revealed that the maximum
velocity of COP displacement in anteroposterior direction was affected by both cognitive and motor secondary
dual tasks compared to single task. Furthermore, the maximum velocity of COP displacement in
anteroposterior direction was higher in cognitive dual task then in motor secondary task. This means that
participants presented more body mass sway in AP direction during CogDT. This results are partially in
accordance with previous study in which it was observed that the children have a greater body sway in AP
direction than young children (Cherng et al., 2003). Our results may be explained by the body morphology of
our cohort that may have more mass in upper extremity of body hence the inverted pendulum showed higher
frequency sway in AP direction, furthermore the body stability is still developing. In summary we have shown
that postural control during standing is affected by a secondary task regardless of the type of task being
performed, therefore the body is predisposed to a risk of loss of balance. Attentional resources are limited
when shared between primary and secondary tasks and a competition of brain resources leads to a
deterioration in performance, known as dual-task cost.
The dual task cost express the impact of secondary task on primary task (Siu and Woollacott, 2007;
Woollacott and Shumway-Cook, 2002). We calculate the cost of dual task and our results showed higher
cognitive dual task impact in the maximum velocity of COP displacement in anteroposterior direction then
motor dual task. This result highlight that the type of secondary task is one important factor which can impact
dual task performance. During cognitive dual task condition the level of difficulty is higher and there is a
decrease in additional information that can be retained and less efficient motor performance when two tasks
are performed separately. The complexity of the task have a pivotal role in the success of the performance.
The more cognitive resources are needed, the lower the efficiency of primary performance. The interference
of postural control in the present study could result from immaturity of integrative sensory functions and a
reduced ability to control posture when several stimuli were processed at the same time. With advancing of
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age, integrative sensory functions develop and the ability to manage two tasks simultaneously could improve
the control of posture stability during dual task paradigm.
This is a preliminary study and has a number of limitations that may be addressed in future studies. For
example, we evaluated only one type of cognitive task and only one type of motor task it would be interesting
to observe how tasks of different difficulty and requiring the use of different cognitive resources can affect
the ability to control posture. It would also be interesting to observe how this ability evolves with increasing
age and therefore with a greater ability to manage two tasks simultaneously.
Application of research in educational setting
In our study, we demonstrated that there is a relationship between cognition and movement control.
Specifically, the students experienced the interference of a dual cognitive and motor task with respect to a
simple main task such as standing. We observed the inability to control posture, which presented with higher
maximum displacement of the COP in the anteroposterior direction during the execution of the dual cognitive
task.
In the academic field, this type of information could be very useful for planning experiences and creating a
more conducive learning environment (Gaetano et al., 2015; Sorrentino et al., 2019). Performing a cognitive
task that requires attention could overload naturally limited attentional resources, resulting in interference of
postural control and loss of balance. For example, experiences of exploration and discovery that are
accomplished, using the various parts of the body, playing and manipulating objects, through which the
gradual construction of the body scheme is favoured, intended as a representation of the image of the body
in globally or multilinked segments. Activities that require not only motor but also cognitive involvement could
be integrated into the school program, for example meditation is a mind-body practice more and more in
different educational and training contexts and which improves not only an improvement in movement but
also functions cognitive (Lardone et al., 2018; Minino et al., 2020). Furthermore, the results of this study
support the need to include, in academic contexts, motor education programs useful for the development of
motor control based on perceptual-motor activities, that takes into account the needs of all children, including
children who require special and personalized attention, such as children with Down syndrome, autism or
spastic paraplegia (Rucco et al., 2019).
The more automatic postural control, less attentional resources needed to postural control and therefore
more are the attentional resources should be available for cognitive processing.
CONCLUSION
In conclusion, our results show that postural control cannot be considered just an automatic task but there is
a strong relationship between cognition and movement. In particular, a dual task performance can affect the
ability to maintain the standing position, depending on the secondary activity required. Our results highlight
the importance of developing new motor education programs in order to make posture control more automatic
and improve the ability to manage tasks performed simultaneously.
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