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The underlying mechanism of communicative
behavior in both humans and other animals was
proposed to be “mirroring,” which refers to the similar
neural pattern during action production and action
observation. Nevertheless, the role of mirroring in
human communication remains a puzzle, since human
communication systems can take a symbolic form
not relying directly on body action. We hypothesized
that mirroring contributes to the formation of
implied meaning, i.e., connotation, in symbolic
communication. We used electroencephalography to
study human brain mirroring activity, indexed by mu-
suppression measured in the 10-12 Hz band over
the left-central area, firstly in a non-communicative
single-player game then in a communicative
coordination game. We evaluated the effect of the
mirroring activity in each game upon the performance
of symbolic communication in the communicative
game. We found that the participants showed
significant mirroring in both games performed better
on connotation-forming than those who showed
significant mirroring in the communicative game only.
Our results suggest that imagining signaling action in
both communicative and non-communicative contexts
could be a key to connotation-forming in symbolic
communication.
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Introduction

In the brain of humans and other primates, mirroring
activity refers to the similar neural activity during action
production and action observation (Mukamel, Ekstrom,
Kaplan, lacoboni, & Fried, 2010; Rizzolatti & Arbib,
1998). Mirroring was supposed to be the core of the neural
mechanism that underlies communicative behavior in
humans and other animals (Arbib, 2005; Rizzolatti &
Arbib, 1998). However, does mirroring also play a role
in human symbolic communication, where the forms
of symbols are not bound to body action? The potential
involvement of mirroring in the formation of symbolic
communication systems was suggested by Li, Konno,
Okuda, & Hashimoto (2016), but the role of mirroring in
that process has not been well understood.

According to Tomasello (2003), the meaning of any
symbols must base on their use in social interaction.
Therefore, even though a symbol’s denotation (i.e., the
literal meaning) could lie beyond the physical world,
its connotation (i.e., the implied meaning inferred from
context) could only be formed through social interaction,
where intention-reading of body action plays a key role. As
intention-reading of body action is proposed as being based
on mirroring (lacoboni et al., 2005), we hypothesized that
mirroring contributes to the formation of connotation,
which should be closely related to the intention of sending a
message, in symbolic communication in two ways. Firstly,
upon receiving a symbolic message in a communicative
context, imagining the signaling action for sending that
message may directly benefit the understanding of the
sender’s intention. We call this direct effect. Secondly,
the tendency to automatically simulate others’ actions
has been related to social alignment, which provides a
foundation for intention-sharing (Hasson & Frith, 2016).
Upon receiving a symbol in a non-communicative context,
a tendency towards imagining the signaling action may
fundamentally benefit intention-sharing in the future
symbolic communication. We call this bias effect. Using
mu-suppression of electroencephalography (EEG) power
as an index, this study examined mirroring activity
in communicative and non-communicative contexts
employing a communicative coordination game (Li et al.,
2016). We measured the performance on the formation
of denotation and connotation in the communicative
context. We predicted that mirroring in both contexts
yields better connotation-forming performance than non-
communicative-only and communicative-only mirroring,
demonstrating the direct and bias effects, respectively.

Methods
The communicative coordination game (CCG)
We used a simplified CCG, an experimental paradigm to
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Figure 1. The communicative coordination game.

study the formation of symbolic communication systems
in the laboratory proposed by Galantucci (2005) and
revised by Konno, Morita, & Hashimoto (2013). This
computer game has multiple rounds and a setting with
four virtual “rooms” (Figure 1). Paired players, physically
separated at two sites, must coordinate their moves to
bring their avatars to the same room. Players start each
round at random positions that are invisible to each other.
There were 12 possible starting positions (Figure S1) for
placing two avatars in different rooms. Once-per-round,
each player selects one figure from four alternatives to
send a message which is immediately displayed on the
other’s screen, and then takes a move (horizontal, vertical,
or stay). The sending order was determined by the players.
At the end of each round, they are informed about the
result (met/unmet) and the starting and ending positions.
A successful symbolic communication system would
consist of denotations, namely, one-to-one mappings
between figures and rooms; and connotations, namely,
the implication of a message (the starting location or the
intended meeting location) according to the sending order
as a context (see Appendix A2).

Experimental design and procedure

We recruited 40 individuals (all male, right-handed;
mean age: 22.1 + 2.3 years). For reducing the influence
of individual differences, the final sample included 35
participants with significant mu-suppression in either game
(see Appendix A4). Firstly, as the non-communicative
context, all participants individually played a single-player
game (SG) against a randomizer (computer program) for 48
rounds, involving a memory demand similar to the CCG
but no communication-specific demands (see Appendix
Al). Then, as the communicative context, participants
played 60 rounds of the CCG in pairs. In both games, to
select a figure and a move, participants repeatedly pressed
a button to loop through all the options. The figure or
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the move was determined after 3-s from the last button-
pressing. For every 12 rounds, each of the 12 starting
positions appeared only once, and the order of appearance
was randomized.

Behavioral performance analysis

We evaluated participants’ final performance in the CCG
by met-rate, denotation score, and connotation score;
all averaged over the last 12 rounds to cover all possible
starting positions. Met-rate is the percentage of the rounds
in which the players met in the same room. The denotation
and connotation scores for each round were estimated
based on a Bayesian probabilistic model developed by
Samejima et al. (2016). Denotation score concerned the
trend towards a one-to-one mapping between rooms and
figures. Connotation score concerned the probability of
referring to a starting location when sending firstly, but to
an intended meeting location when replying.

EEG recording and analysis

Following the extended 10-20 placement system, we
collected 32-channels EEG recordings' from two players
simultaneously. We examined the EEG signal related
to two events. The Fixation event corresponded to the
beginning of each round when showing a fixation cross
on the screen for 2-s. The Receiving event corresponded
to the displaying of a received message, which was visible
for 3-s. Participants were asked to refrain from bodily
movements during these time windows.

We evaluated participants’ mirroring activity in the
Receiving event using trial-by-trial mu-suppression (see
Appendix A3). To focus on task-specific processing, we
measured mu-suppression as the log ratio of 10-12 Hz band
power over the left central electrode site C3, relative to the
Fixation baseline. After visually checking the averaged
power spectrum, we limited the range of latency to 0.5-1 s

1 Brain Products system (http://www.brainproducts.com/, last ac-
cessed on 13 November 2019)
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Figure 2. Performance of three groups in the communicative game (n (B) = 17, n (C) = 8, n (S) = 10;
*Bonferroni-corrected-p < .05; error-bars represent standard errors).

to include only predominant power suppression.

For each participant and each game, we excluded
the trials with power values exceeding two standard
deviations. For the remaining trials, we conducted single-
subject-level statistics (Holler et al., 2013) using non-
parametric permutation tests (N = 2000) to find out the
participants with significant (p < .05) mirroring activity in
each game.

Results
We grouped participants (N = 35) according to the
significance of mirroring activity in two games: significant
in both games (Group-B, n = 17), in CCG only (Group-C,
n = 8), in SG only (Group-S, n = 10). Figure 2 plotted the
final behavioral performance in the CCG of Group-B, C,
and S.

One-way between subjects ANOVAs found significant
(p < .05) effects of mirroring on met-rate (F (2,32) = 3.404,
p = .046) and connotation score (F (2,32) = 3.627, p = .038)
but not on denotation score (F (2,32) = 2.258, p = .121) for
the three groups. Using independent-samples t-tests with
Bonferroni-correction for p-values, we conducted follow-
up planned comparisons: a contrast between Group-B and
S to estimate the direct effect of mirroring on met-rate and
connotation score, and a contrast between Group-B and
C to estimate the bias effect. Contrasting Group-B with
Group-S found no statistically significant effect on met-
rate (M, = .858, SD, = .237; M = .633, SD_ = .322; t (25)
= 2.081, corrected-p = .096) and connotation score (M,
=.685, SD, = .096; M_ = .589, SD_ = .135; ¢ (25) = 2.154,
corrected-p = .082), showing a lack of direct effect of
mirroring. Meanwhile, contrasting Group-B with Group-C
found that Group-B performed significantly better than
Group-C on met-rate (M. = .552, SD. = .396; ¢ (23) = 2.421,
corrected p = .048) and connotation score (M. = .568,
SD = 135; ¢ (23) = 2.508, corrected-p = .039), showing a
significant bias effect of mirroring.

Discussion

We expected to find both direct and bias effects
of mirroring on connotation-forming in symbolic
communication. We found a significant bias effect of
mirroring, while the direct effect was not statistically
significant. There were no statistically significant
differences in the connotation scores, denotation scores,
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or met-rates between the Group-B and S. Although
the Group-B also showed significant mirroring in
the communicative context (i.e., CCG-mirroring),
the performance was not significantly different from
the Group-S, who showed non-communicative-only
mirroring, demonstrating a lack of the direct effect
of mirroring. CCG-mirroring probably reflects the
mirroring of signaling action upon receiving messages in
a communicative context. Typically, the mu-suppression
was related to performing or imagining body movements
(Holler et al., 2013). To send a message in the CCG,
participants had to press a button to loop through figures,
in which case button-pressing became a signaling action.
Upon receiving a message, although the sender’s signaling
action was invisible, the receiver may mirror that action,
which could manifest significant mu-suppression. lacoboni
et al. (2005) proposed that mirroring is directly involved
in intention-reading of the observed action. However, we
found no evidence for the direct contribution of mirroring
in the communicative context on intention-reading in
symbolic communication without visible signaling action.

We found that Group-B outperformed Group-C
on both connotation score and met-rate, but not on
denotation score. Compared to the Group-C, who showed
communicative-only mirroring, the Group-B that also
showed significant mirroring in the non-communicative
context (i.e., SG-mirroring) performed significantly
better on connotation-forming, demonstrating a bias
effect of mirroring. SG-mirroring probably reflects the
tendency towards the imagination of signaling action
upon receiving messages in a non-communicative context.
Upon receiving a message, participants knew that it was
randomly generated by a computer program and thus could
not be linked to signaling action. However, participants
may still perceive these messages as communicative
signals, as if they were selected and sent by someone. The
participants who had a strong tendency to “mirror” the
imagined signaling action even in a non-communicative
context would show significant mu-suppression, which
could be manifested by imagining body action (Holler
et al., 2013). Therefore, our results suggest that the
tendency to imagine signaling action could eventually
facilitate intention-sharing in symbolic communication,
fundamentally benefiting connotation-forming in symbolic
communication.

Alternatively, our results could be interpreted as
the effects of attention or memory instead of mirroring,
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since the frequency-band of mu-suppression overlapped
with occipital alpha power suppression, which had been
related to selective attention (Foxe & Snyder, 2011) and
memory (Hanslmayr, Spitzer, & Bauml, 2009). However,
we examined occipital power suppression and found no
significant bias effect on met-rate, denotation score, or
connotation score (Figure S2). Hence, attention or memory
could not explain the observed effects.

In conclusion, this study suggests that the formation
of connotation in symbolic communication benefits
from mirroring in a non-communicative context, which
probably reflects the tendency to imagine signaling action
for producing symbolic messages. Peeters et al. (2009)
suggested that a unique feature of the mirror system in
humans is the specific activation corresponding to tool
action. The evolution of this feature in the human mirror
system might provide a neural substrate for the emergence
of symbolic communication, where the symbols are
used as a tool for communication. This idea is consistent
with our results, although future works are required to
provide further evidence and to understand the underlying
mechanism.

Acknowledgments
This work was supported by JSPS KAKENHI Grant
Numbers JP21120011, JP26240037.

Supplementary Material
Electronic supplementary material is available online.

References

Arbib, M. A. (2005). From monkey-like action recognition
to human language: an evolutionary framework for
neurolinguistics. Behavioral and Brain Sciences, 28,
105-124. (doi: 10.1017/S0140525X05000038)

Foxe, J. J., & Snyder, A. C. (2011). The role of alpha-band
brain oscillations as a sensory suppression mechanism
during selective attention. Frontiers in Psychology, 2,
154. (doi: 10.3389/fpsyg.2011.00154)

Galantucci, B. (2005). An experimental study of the
emergence of human communication systems.
Cognitive Science, 29, 737-767. (doi: 10.1207/
$15516709c0g0000_34)

Hanslmayr, S., Spitzer, B., & Bauml, K.-H. (2009).
Brain oscillations dissociate between semantic and
nonsemantic encoding of episodic memories. Cerebral
Cortex, 19, 1631-1640. (doi: 10.1093/cercor/bhn197)

Hasson, U., & Frith, C. D. (2016). Mirroring and beyond:
coupled dynamics as a generalized framework
for modelling social interactions. Philosophical
Transactions of the Royal Society B: Biological
Sciences, 371, 20150366. (doi: 10.1098/rstb.2015.0366)

Holler, Y., Bergmann, J., Kronbichler, M., Crone, J. S.,
Schmid, E. V., Thomschewski, A., ... Trinka, E. (2013).
Real movement vs. motor imagery in healthy subjects.
International Journal of Psychophysiology, 87, 35—41.
(doi: 10.1016/].ijpsycho.2012.10.015)

Iacoboni, M., Molnar-Szakacs, 1., Gallese, V., Buccino, G.,
Mazziotta, J. C., & Rizzolatti, G. (2005). Grasping
the intentions of others with one’s own mirror neuron
system. PLoS Biology, 3, €79. (doi: 10.1371/journal.
pbi0.0030079)

Li etal. LEBS Vol. 10 No. 2 (2019) 7-10

Mirroring in symbolic communication

Konno, T., Morita, J., & Hashimoto, T. (2013). Symbol
communication systems integrate implicit information
in coordination tasks. In Y. Yamaguchi (Ed.),
Advances in Cognitive Neurodynamics (III) (pp.
453-459). Singapore: Springer. (doi: 10.1007/978-94-
007-4792-0_61)

Li, G., Konno, T., Okuda, J., & Hashimoto, T. (2016).
An EEG study of human mirror neuron system
activities during abstract symbolic communication.
In R. Wang, & X. Pan (Eds.), Advances in Cognitive
Neurodynamics (V) (pp. 565-571). Singapore:
Springer. (doi: 10.1007/978-981-10-0207-6_77)

Mukamel, R., Ekstrom, A. D., Kaplan, J., lacoboni, M., &
Fried, 1. (2010). Single-neuron responses in humans
during execution and observation of actions. Current
Biology, 20, 750—756. (doi: 10.1016/j.cub.2010.02.045)

Peeters, R., Simone, L., Nelissen, K., Fabbri-Destro,
M., Vanduffel, W., Rizzolatti, G., & Orban, G. A.
(2009). The representation of tool use in humans and
monkeys: common and uniquely human features.
Journal of Neuroscience, 29, 11523-11539. (doi:
10.1523/JNEUROSCI.2040-09.2009)

Rizzolatti, G., & Arbib, M. A. (1998). Language within
our grasp. Trends in Neurosciences, 21, 188—194. (doi:
10.1016/S0166-2236(98)01260-0)

Samejima, K., Konno, T., Li, A., Okuda, J., Morita, J., &
Hashimoto, T. (2016). Statistical inference of meaning
by a generative model of signal communication in the
“coordination game.” IPSJ SIG Technical Report, 5,
1-6. (in Japanese with an English abstract)

Tomasello, M. (2003). Constructing a language: a usage-
based theory of language acquisition. London:
Harvard University Press.

10


https://doi.org/10.1017/S0140525X05000038
https://doi.org/10.3389/fpsyg.2011.00154
https://doi.org/10.1207/s15516709cog0000_34
https://doi.org/10.1207/s15516709cog0000_34
https://doi.org/10.1093/cercor/bhn197
https://doi.org/10.1098/rstb.2015.0366
https://doi.org/10.1016/j.ijpsycho.2012.10.015
https://doi.org/10.1371/journal.pbio.0030079
https://doi.org/10.1371/journal.pbio.0030079
https://doi.org/10.1007/978-94-007-4792-0_61
https://doi.org/10.1007/978-94-007-4792-0_61
https://doi.org/10.1007/978-981-10-0207-6_77
https://doi.org/10.1016/j.cub.2010.02.045
https://doi.org/10.1523/JNEUROSCI.2040-09.2009
https://doi.org/10.1523/JNEUROSCI.2040-09.2009
https://doi.org/10.1016/S0166-2236(98)01260-0
https://doi.org/10.1016/S0166-2236(98)01260-0

