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Abstract

According to embodied cognition theory, cognitive processes originate from the areas of
the brain involved in motor programing and execution, and areas that are responsible for
processing sensory inputs. According to the embodied cognition perspective, cognitive
systems and perception-motor systems are deeply intertwined and exert a causal effect on
each other. Therefore, cognitive activity should cause changes in observable movements.
For this purpose, this study asked 20 females (M = 21+4) to listen to sentences with
action verbs while standing quietly on a balance board. Then, the standard deviation (SD)
and the mean within-trial of their center of pressure (CoP) were examined while the
participants were listening to the sentences. This test was repeated for three consecutive
days.The analysis of standard deviation demonstrated that CoP fluctuations changed
significantly from the baseline as participants were listening to action verbs. However,
none of the main effects were significant for the mean of CoP. The changes in CoP sways
compared to normal body sways, while participants were asked to stand quiet and listen
only to sentences, indicates how cognition and motor are intertwined, which was reflected
in their motor behavior.
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Extended Abstract

Background and Purpose

It has been recently discovered that mirror neurons (bimodal, audio-visual mirror
neurons) in the human premotor cortex are discharged not only when observing
or hearing action sounds (1), but also when understanding sentences describing
actions. This discovery strengthens the presumption that the comprehension of
action relies on the observation—execution matching system (2).
Accordingly, observing an action evokes responses in the frontoparietal circuits,
which are encoded for motor representations of the actions observed, allowing for
comprehending the meaning of observed actions (3). Similar to systems used for
activities, motor programs are executed instinctively and simultaneously while
observing an action, allowing the prediction of the observed-action outcome (4).
The question here is how these two systems (motor and language) interact with
one another. Therefore, this study aimed to investigate the effect of listening to
sentences with action verbs on postural sway, while participants were standing
quietly on the balance board.

Twenty native Persian speakers aged between 18 and 25 years volunteered to take
part in the experiment. Participants verified that they were free from any
neurological or musculoskeletal disorders. An instrumented balance board (Wii
Nintendo, Kyoto, Japan) was used to measure postural sway in this study. To
study embodied cognition in the Persian language, 16 sentences (8 forward and 8
backward) were used. Zwaan et al. (2012) showed that these sentences in English
caused those, who heard them, to move forward or backward (5). The researcher
trnnlltted teem into eersinn sssdd eetamnnti tt al’s isstruttisss fir miii gg
eett ccces with cction rr ::: ssnntccess wrre rraatdd yy mathhigg a transitive verb
in the first-person singular to a syntactically and semantically congruent object
mmiplemnnt” (2). Participants were asked to stand still on the balance board while
looking at a target on the white wall in front of them at a distance of 1.5 m, as
much as they could stand without any additional movement, while listening to the
16 randomly played sentences. Their center of pressure (CoP) was recorded
during this time. In order to focus their attention on the meaning of the sentences,
the participants were asked at the end of the test to identify sentences they had
heard. Balance board data was first smoothed using a 5-point moving average
filter. The whole signal then was centered around zero by subtracting mean values.
Sections of anterior-posterior CoP corresponding to hearing the sentences or
silence, and where applicable, periods of action verbs with forward or backward
semantics were identified. We calculated the within-trial SD of the CoP and mean
of CoP for backward, forward and rest periods, separately. Backward, forward
and rest intervals was marked by the software during the recordings according to
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the verb of the sentence; rest periods were the silent intervals in which no sentence
was played. To investigate the embodied cognition in the Persian language, one-
way repeated-measures ANOVA (3 Directions and 3 Tests) was run on all
participants regardless of groups and repeated 3 times during Test 1, 2 and 3; and
one-way analysis was also performed on single subject assessments on the same
participants who participated in tests 1, 2 and 3.

The one-way repeated-measures ANOVA indicated that none of the main effects
were significant for the mean of CoP. Analysis of standard deviation showed that
there was a statistically significant main effect for direction, F (2, 40) =4.28,
p=0.021, ny?=0.17. However, the main effect for test and interaction effect did not
reach statistical significance. Post-hoc comparisons indicated that the backward
direction was significantly different from the rest (p=0.040), and forward direction
was significantly different from the rest (p=0.036), while backward direction did
not differ significantly from forward direction (p=0.217). In single subject
assessments, the one-way analysis of variance indicated that there was no
statistically significant difference in the mean of CoP for all participants in all
three tests. On the contrary, the one-way analysis of standard deviation
demonstrated three participants in test 1, seven participants in test 2 and seven
participants in test 3 showed a statistically significant difference in all three tests.
The results of the post-hoc comparison test revealed that there was significantly
different in the mean score between forward direction and rest for 10 participants,
between backward direction and rest for 10 participants and also was significantly
different for backward and forward direction for 7 participants.

The observed postural fluctuations showed that sentences containing concepts
relating to forward and backward movement caused consistent fluctuations from
the baseline. Studies have shown that mirror neuroaa arl 1 oaataa at Brce’’ s rreas
44 and 45 of the brain, the areas in which semantic processing connects with motor
periphery. It is this connection that explains why hearing action-verb sentences
leads to increased postural fluctuations. However, since the ankle joint is closer
to the boundary of the rear-foot, there was no difference in fluctuations between
forward and backward movements; backward postural control is more challenging
than its forward counterpart (6). The similarity between backward and forward
movements indicates that the action-sentence compatibility causes the body to
move forward as much as it generates inherently unstable backward movements.
The group analysis and single subject assessments also demonstrated that the
maan of tee prrtiiipttt >> CPP rrvviee oo infrrmation uuuut pttt rral cctivitiss
while they were in a quiet stance and listening to action-verb sentences. In this
study, the participants were asked to stand perfectly stillbut no change in the mean
of CoP. It indicated that although hearing the sentences caused postural sways, as
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tee DD eeeee ee tee rrr tilinnnts’ prirrity wss to rrr frrm teeir takk while
maintaining their posture. Finally, their postural control system managed to
maintain posture, and their mean of CoP did not deviate from the baseline.

Keywords: Embodied Cognition, Mirror Neurons, Action-Sentence
Compatibility, Postural Sway, Cognitive Theories, Postural Fluctuations,
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Figure 1- An example of CoP fluctuations (blue) overlaid by the green trace of
onset/offset of the sentences and their embodied directions. Silent periods of the
green trace lie on the zero axis (=34 sec in this case).
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Table 2- Single subject assessments for standard deviation measure

Testy ?ubject F (2.28) Sig
o) RUEES g ' '
DR 591 .00
Test 1 BA 3.89 .03
AK 3.70 .03
DR 4.11 .02
MO 491 .01
oT 3.10 .05
Test 2 AL 3.95 .03
AK 5.69 .00
KL 4.25 .02
MA 5.35 .01
DR 4.67 .01
NE 3.94 .03
GH 5.42 .01
Test 3 GO 2.57 .05
KK 3.92 .03
KH 4.25 .02
FO 4.50 .02
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1. Inverted Pendulum Model
2. Base Line
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