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Abstract

Posture-cognition studies show that postural control is affected by cognitive task.
Therefore, the effect of factors such as task difficulty is evaluated in dual-task paradigm
but the impact of difficulty of cognitive and postural task on postural control remains
inconclusive. The purpose of the present study was to examine the interaction effect of
cognitive and postural tasks difficulty on postural control. Twenty healthy young
volunteers (Mean age 22 + 2.3 years) performed six random conditions while standing
on a force platform. Conditions involved combinations of two levels of postural task
difficulty (standing on the floor and narrow base) and three levels of cognitive task
difficulty (without, easy and difficult cognitive tasks). Two-way ANOVA (significant
level P <0.05) results demonstrated marked decrease in the standard deviation of the
center of pressure in the anterior-posterior and medial-lateral directions for the difficult
cognitive task condition in both postural task. (P <0.05). Also, the easy cognitive task
reduced the standard deviation of the center of pressure in the anterior-posterior
direction in the narrow base standing condition (P <0.05). According to the results of the
present research, it seems that the difficult cognitive task requires a greater part of
attention capacity; subsequently, attention is withdrawn from the postural task and
automatic control regulates posture more efficiently through unconscious, fast, and
reflexive processes. Also, postural control is simultaneously affected by the difficulty of
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postural and cognitive tasks. Therefore, in designing appropriate interventions, it seems
necessary to pay attention to the interactive effects of posture and cognitive tasks.

KeyWOI’dS: Attention, Automatic Control, Secondary Task, Postural Task, Difficulty

Extended Abstract

Background and Purpose

This research which examines posture and cognition strongly suggests that
postural control synergies are sensitive to cognitive manipulations (1, 2).
Therefore, the effect of cognitive task on postural control is evaluated in dual-
task paradigm as studies in this field have led to contradictory results (3, 4).
Studies have found that performing a cognitive task while standing can decrease
(2, 5) or increase (6, 7) postural sway. More specifically, some studies have
found that increasing the attentional load of the cognitive task leads to increased
postural sway (8, 9), which is commonly interpreted as a destabilization effect.
However, manipulations of cognitive task load have often failed to elicit such
effects on postural sway. These inconsistent results may be due to several factors
such as the difficulty of cognitive and postural tasks (10). Therefore, the purpose
of the present study was to examine the interaction effect of cognitive and
postural tasks difficulty on postural control.

Materials and Methods

Twenty healthy young volunteers (Mean age 22 + 2.3 years) performed six
random conditions while standing on a force platform. Conditions involved
combinations of two level of postural task difficulty (standing on the floor and
narrow base) and three levels of cognitive task difficulty (without, easy and
difficult cognitive tasks). The easy cognitive task was comprised of thirty 3-digit
random numbers that were presented every 2 seconds on the computer screen.
To confirm cognitive involvement of participants, another one random single
digit was appeared on the monitor; the participants were instructed to mentally
count the total number of times that one of the pre-selected digits were appeared.
Participants had to simultaneously search for the specified digit in each 3-digit
number and keep a running total in their mind without counting by fingers. To
avoid memorization, the pre-selected digits were not the same across all trials.
The difficult cognitive task was comprised of twenty 5-digit random numbers
that were presented every 3 seconds on the computer screen. To confirm
cognitive involvement of participants, another two random single digits were
appeared on the monitor; the participants were instructed to mentally count the
total number of times that one of the two pre-selected digits was appeared.
Participants had to simultaneously search for the specified digit in each 5-digit
number and keep a running total in their mind without counting by fingers. To
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avoid memorization, the pre-selected digits were not the same across all trials.
At the end of trials, participants were instructed to verbally give the total count
to ensure cognitive involvement for the entire duration of the trial. Rest break
between conditions was 5 minutes, while between trials was 1 minute, if
requested (10)

Results

Two-way ANOVA results in the variable of the standard deviation of center of
pressure in the anterior posterior direction demonstrated a significant main effect
of postural task (F (1, 18) =59.51, P =0.001, n2P= 0.77), cognitive task (F (2,
36) =9.1, P=0.001, n2P= 0.34), and interaction effect (F (2, 36) =9.15, P=
0.007, n2P= 0.33). Bonferroni post hoc test showed marked decrease in the
standard deviation of the center of pressure for the difficult cognitive task
condition in both postural task. (P <0.05, Fig. 1). Also, the easy cognitive task
reduced the standard deviation of the center of pressure in the narrow base
standing condition (P<0.05, Fig. 1). Also, two-way ANOVA results in the
variable of the standard deviation of center of pressure in medio-lateral direction
demonstrated a significant main effect of postural task (F (1, 18) = 9.39, P=
0.007, n2P=0.34), and cognitive task (F (2, 36) =4.9, P=0.01, n2P=0.21), but
interaction effect (F (2, 36) = 0.58, P=0.56, n2P= 0.03) was not significant. The
results of Bonferroni post hoc test showed that the standard deviation of center
of pressure in difficult cognitive task conditions was less than without cognitive
task (P = 0.01) and the easy cognitive task (P = 0.01) conditions but there was
no significant difference between easy cognitive task and no cognitive task (P =
0.11) conditions. In the mean velocity of center of pressure variable, a
significant main effect of postural task (F (1, 18) =161.9, P=0.001, n2P=0.9),
was observed but the main effect of cognitive task (F (2, 36) = 0.4, P = 0.66,
n2P=0.02), and interaction effect (F (2, 36) = 1.11, P = 0.34, n2P= 0.06) was
not significant. The results of two-way ANOVA in the path length of center of
pressure variable, a significant main effect of postural task (F (1, 18) =86.5,P =
0.001,712.=70.82, was observed but the main effect of cognitive task (F (2, 36)
=1.23, P=0.3, n12P=0.006), and interaction effect (F (2, 36) = 1.30, P = 0.28,
n2P=0.07) was not/significant. The results of Friedman test showed a
significant difference of ¥2 (5, N =19) = 52.5 in the area of 95% confidence
ellipse of center of pressure in different conditions. According to the results of
pairwise comparisons, in general, it can be said that the area of 95% confidence
ellipse of center of pressure in the standing on the narrow base is significantly
higher than standing on the ground (P<0.05) and cognitive task had no
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significant effect (P >0.05).
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Figure 1- Standard deviation of the center of pressure (CoP) position in the
anterior-posterior direction (AP) in different conditions.

Conclusion

According to the results of the present research, it seems that the difficult
cognitive task requires a greater part of attention capacity; subsequently,
attention is withdrawn from the postural task and automatic control regulates
posture more efficiently through unconscious, fast, and reflexive processes (11-
13). The difficult level task may has also been more effective in retaining focus,
as a result of their higher cognitive demand. Ultimately, limiting opportunities to
internalize focus relative to the easy level tasks (10). Also, postural control is
simultaneously affected by the difficulty of postural and cognitive tasks.
Therefore, in designing appropriate interventions, it seems necessary to pay
attention to the interactive effects of posture and cognitive tasks.

Keywords: Attention, Automatic Control, Secondary Task, Postural Task,
Difficulty
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3. Mean Velocity of Center of Pressure

4. Path length of Center of Pressure

5. Area of 95% Confidence Ellipse of Center of Pressure
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Table 1- Mean and standard deviation of center of pressure variables
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Table 1- Mean and standard deviation of center of pressure variables
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Figure 2- Standard deviation of the center of pressure (CoP) position in the
anterior-posterior direction (AP) in different conditions.
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