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Abstract:

Non-competitive and non-threatening aspects of social hierarchy, such as politeness, are universal among
human cultures, and might have evolved from ritualized submission in primates; however, these behaviors
have rarely been studied. Honorific language is a type of polite linguistic communication that plays an
important role in human social interactions ranging from everyday conversation to international diplomacy.
Here, functional magnetic resonance imaging (fMRI) revealed selective precuneus activation during a verbal
politeness judgment task, but not other linguistic-judgment or social-status recognition tasks. The magnitude of
the activation was correlated with the task performance. Functional suppression of the activation using
cathodal transcranial direct-current stimulation reduced performance in the politeness task. These results

suggest that the precuneus is an essential hub of the verbal politeness judgment.
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Introduction

Hierarchy is universal in social species, and organizes inter-individual interactions and communication. Social
cognition of dominance and ranking has been observed in species of primates(Bergman et al., 2003),
birds(Paz-y-Mino et al., 2004), fish(Grosenick et al., 2007), and ants(Blacher et al., 2010; Xu and Chen, 2010).
In primates, the relevance of social hierarchy is not confined to agonistic and sexual competition. Ritualized
submission cues from losers can elicit social reconciliation in potentially aggressive encounters, reinforcing the
social hierarchy(de Waal, 1986). This kind of social behaviors observed in animals might be similar to human
“politeness” (Brown and Levinson, 1987). However, the influence of human “politeness” is complex and
sophisticated in comparison with social behaviors of animals and ranges from everyday social etiquette to
formal diplomatic protocols. Politeness can be defined as a behavior that is respectful and considerate of other
people. Politeness is thus not merely the social cognition of dominance, but rather social behavior that often
relates to hierarchy. This context-dependent behavior modification might require self-referential cognition of
social hierarchy. Politeness can be expressed in both verbal and non-verbal way. For example, the respect to
the other person can be represented in special dress codes, facial expressions, gestures or bodily postures.

Regarding the verbal politeness, its formal manifestation is honorific language (verbally-expressed
politeness directed towards higher-status individuals) (Fukada and Asato, 2004; Shibatani, 1990; Yoshimura
and Macwhinney, 2011). Humans commonly use polite language when addressing socially superior
individuals; however, some languages, including Japanese, Korean, and Tibetan, include a complex system of
honorifics, which represent “grammaticalized” outputs of politeness(Brown and Levinson, 1987). In contrast to
animals’ submissive behavior, human verbal politeness is very sofisticated and related to multiple dimensions
of social hierarchy, such as social intimacy/distance, age, profession and family/kinship.

Neuropsychological studies have reported impairments of social-hierarchy judgment associated with
prefrontal cortex damage(Karafin et al., 2004; Mah et al., 2004). Neuroimaging have also investigated the
brain processing of social hierarchy(Cheon et al., 2011; Chiao et al., 2009b; Freeman et al., 2009; Marsh et al.,
2009; Muscatell et al., 2012; Zink et al., 2008). However, little is known about the neural representation of
verbal politeness. A functional magnetic resonance imaging (fMRI) study showed involvement of Broca’s area

in grammatical aspects of honorific expression(Momo et al., 2008). Moreover, a Japanese case report



described a patient with semantic dementia who used honorifics in all situations(Kokuryu and Takechi, 2011).
However, to our knowledge, the brain representation of politeness has not previously been investigated.

We investigated the neural correlates of verbal aspect of politeness using fMRI and transcranial direct-
current stimulation (tDCS) by applying the honorific judgment task. Japanese honorification employs different
verb forms for socially superior individuals(Shibatani, 1990). We hypothesized that an honorific-judgment task
would activate brain areas associated with verbal politeness, in addition to language- or status recognition-
related networks. Cathodal or suppressive tDCS with the same task confirmed the relationship between

politeness and brain activation suggested by the fMRI analysis.

Materials and Methods

Subjects

Thirty-two right-handed healthy native Japanese university students participated in the experiments (mean age
+ standard deviation [SD], 24.4 £ 5.0 years; five females and 27 males). To control the social ranking of the
subjects, we recruited only university students for this experiment. None of the subjects had a history of any
neurological or psychiatric disorders according to self-report. All were right-handed as assessed by the
Edinburgh scale(Oldfield, 1971). All participants gave written informed consent. The study protocol was

approved by the Kyoto University Graduate School and Faculty of Medicine Ethics Committee.

Sentence stimuli

The main visual stimuli consisted of 20 paired sentences (40 sentences) comprising normal and honorific
expressions: each pair described the same action using equivalent-status and high-status subjects respectively
(for example, a friend vs. a teacher). The politeness-judgment task employed additional 40 error sentences in
which there was a mismatch between the subject and verb according to the honorific-expression system (that is,
a high-status subject with a normal verb and an equivalent-status subject with an honorific verb). For the
syntax- and semantic-judgment tasks, grammatically incorrect sentences with errors in the use of particles and

semantically inappropriate sentences with errors in the use of verbs were prepared (40 each). The control



condition with minimal linguistic requirements utilized stimuli with a white square in the middle of a sentence
(Table 1).

Each sentence stimulus was between 10 and 13 letters in length (visual angle, 8.8° in height and 26.0°
in width). The familiarity rating did not differ significantly between simple (5.75 £ 1.11) and suppletive (5.22
+ 0.86) verbs, and was above average according to the word-familiarity rating of the Nippon Telegraph and
Telephone (NTT) database score (4.17 £ 1.32). Table 1 shows examples of sentences used in the judgment
tasks for Experiments 1 and 2. Errors are underlined. Japanese honorific expressions involve two kinds of
verb: the regular form, which is transformed from the corresponding simple verb through a morphological
process; and the suppletive form, in which the simple verb is replaced by a lexically different verb when the
subject is superior to the speaker(lyer et al., 2005). We used the suppletive form in this task. In modern
Japanese language, the use of honorific expression becomes less in frequency during everyday life, especially
in young people. However, we asked the subject to follow the strict traditional rules of honorific expression as

taught in the elementary school. It is the limitation of the study that this instruction might affect the results.

Experimental task
Each experimental session consisted of 20 task blocks separated by a rest period and the presentation of a
fixation point (for 9 s). Four types of task block were employed: “Politeness (P0o)”, “Semantic (Sem)”, “Syntax
(Syn)”, and “Control (Co)” (Fig. 1). The task-block order was aligned pseudo-randomly. Each task block (15
s) was preceded by an instruction cue (“Honorific”, “Syntax”, “Semantic”, or “Square”) of 3 s, and followed
by a rest period of 3 s. Each task block included four trials (two errors), in which the stimulus sentence was
presented for 3.4 s, followed by presentation of a fixation point (for 0.35 s). In spite of the short rest period
duration (9 s), the stimulus-onset asynchrony of the task block (15 s) was 30 s, which was in accord with the
hemodynamic response function. Moreover, we pseudo-randomized the task-block in order to minimize the
overlap of task-related brain responses.

Subjects were asked to indicate whether the presented sentence was correct by pressing non-magnetic
buttons using their right index or middle finger. For the control task, subjects were asked to indicate whether

they observed a square in the middle of the sentence by pressing buttons. Each task block appeared five times



during a session. Stimuli were presented and behavioral data were collected using E-prime software
(Psychology Software Tools, Inc., Pittsburgh, PA).

For an additional experiment in fMRI to distinguish between politeness and cognition of status in
these subjects, we used the same set of stimuli as the politeness-judgment task using an instruction cue of
“Status” and asked the subjects to indicate whether the subject of a sentence appeared socially superior by
pressing a button. This experiment involved both the Status and Control (“Square™) tasks. Each task block
appeared 10 times during a session.

Each sentence stimulus was between 10 and 13 letters in length (visual angle, 8.8° in height and 26.0°
in width). The familiarity rating did not differ significantly between simple (5.75 + 1.11) and suppletive (5.22
+ 0.86) verbs, and was above average according to the word-familiarity rating of the Nippon Telegraph and
Telephone (NTT) database score (4.17 + 1.32). Table 1 shows examples of sentences used in the judgment
tasks for Experiments 1 and 2. Errors are underlined. Japanese honorific expressions involve two kinds of
verb: the regular form, which is transformed from the corresponding simple verb through a morphological
process; and the suppletive form, in which the simple verb is replaced by a lexically different verb when the

subject is superior to the speaker(lyer et al., 2005). We used the suppletive form in this task.

Experiment 1 (fMRI)

For fMRI, 20 right-handed healthy native Japanese university students were monitored using a 3-Tesla whole-
body scanner equipped with an eight-channel phased-array head coil (Trio, Siemens, Erlangen, Germany)
while performing a sentence-judgment task using a block design involving two sessions of 600-s duration.
Subjects lay in a supine position on a scanner bed, wearing earplugs. They held a button-response device with

their right hand. During the sessions, subjects viewed visual stimuli projected onto a screen through a mirror.

MRI data acquisition and analysis
Functional images were acquired with T2*-weighted gradient echo echo-planar imaging (EPI) using the
following parameters: slice thickness, 3 mm; 48 axial slices; repetition time (TR), 3 s; echo time (TE), 30 ms;

flip angle (FA), 90°; matrix size, 64 x 64; and field of view (FOV), 192 x 192. A series of EP images were



obtained parallel to the anterior—posterior commissural (AC—PC) line. The initial two image volumes were
discarded at the beginning of each session to allow the MR signal to reach equilibrium.

Preprocessing and image analyses were performed using statistical parametric mapping (SPM)
software (SPM8: Wellcome Department of Cognitive Neurology, UCL, London, UK) in MATLAB (version 7;
MathWorks, Inc., Natick, MA). Images were corrected for slice-acquisition timing and realigned to the first
image to adjust for head movements. The realigned images were then spatially normalized to the template
brain defined by the Montreal Neurological Institute (MNI), using a 12-parameter affine registration and
nonlinear transformations. The functional images were then resampled to 2 x 2 x 2 mm voxel size and
spatially smoothed with a Gaussian kernel of 8 mm full-width at half-maximum. The data were high-pass
filtered with a 128 s cutoff. The hemodynamic response to each block was modeled by a canonical
hemodynamic-response function.

Initially, we performed group-level SPM analysis reflecting the simple contrasts for three sentence
judgment tasks against the Control (Po vs. Co, Sem vs. Co and Syn vs. Co) and for Politeness task against two
other tasks (Po vs. Sem and Po vs. Syn). In addition, common activations across them were investigated by the
conjunction analytic procedures based on a conjunction global null hypothesis (Friston et al., 2005; Nichols et
al., 2005). Since we used cognitive conjunctions, all the contrasts in the conjunction analysis are not
necessarily individually significant. Conjunctively activated voxels were consistently high and jointly
significant among contrasts.

We hypothesized the activated regions during Politeness task will be in the areas associated with
language processing and social cognition, based on previous neuroimaging studies. For the neural basis of
social status hierarchy or status-related mentalizing process, a distinct brain network including the medial
prefrontal cortex, dorso- and ventro-lateral prefrontal cortex (DLPFC and VVLPFC), precuneus, temporoparietal
junction, and posterior inferior parietal lobe (posterior superior temporal sulcus) has been implicated (Chiao et
al., 2009a; Chiao et al., 2009b; Frith and Frith, 2006; lacoboni et al., 2004; Mitchell et al., 2006; Muscatell et
al., 2012; Zink et al., 2008). For the brain regions associated with the semantic and syntax processing of
written sentences, a largely overlapping left-side dominant network has been reported (Binder et al., 2009;

Cappa, 2008; Grodzinsky and Friederici, 2006; Hickok and Poeppel, 2004; Price, 2012; Sakai et al., 2005),



including the left posterior inferior parietal lobe (IPL), lateral and ventral temporal cortex, dorso- and ventro-
medial prefrontal cortex, inferior frontal gyrus (IFG) and posterior cingulate cortex, with a special emphasis on
the left IFG for the syntactic processing. Thus, based on these hypotheses, we performed the cluster level
correction using Monte Carlo simulations with the AlphaSim program (http://afni.nimh.nih.gov) using a mask
determined by AAL atlas (Tzourio-Mazoyer et al., 2002) . Statistical inferences were performed at the corrected
threshold of p < 0.05 based on a priori hypothesis and gray matter mask with the voxel-based threshold of

uncorrected p < 0.001 and a minimum cluster size of 9 voxels.

Experiment 2 (tDCS)

Based on the fMRI results suggesting the functional relevance of the precuneus in politeness, we conducted the
tDCS experiment in an additional 12 subjects. We hypothesized that functional suppression of the precuneus
by cathodal tDCS would affect performance of the politeness task if this brain region was essential in
politeness.

All subjects took part in two randomized experiments (cathodal and sham tDCS) on separate days.
Subjects performed the same Politeness, Semantic, and Syntax sentence-judgment tasks used in the fMRI
experiment. After training sessions without tDCS, two sessions, each 150 s, were performed during cathodal or
sham tDCS. Each session consisted of 60 sentences presented for 1.0 s, followed by the presentation of a
fixation point for 1.5 s. The duration of sentence presentation was shorter than that during fMRI task to avoid
the ceiling effects in the accuracy rate.

Two saline-soaked surface-sponge electrodes (5 x 5 cm; 25 cm?) were positioned over the precuneus
(cathodal) and immediately above the right orbit (anodal). Following the previous studies, the cathodal
electrode location was determined at Pz of the 10-20 international system for electroencephalogram electrode
placement (Homan et al., 1987; Lou et al., 2004; Lou et al., 2010; Luber et al., 2007; Oshio et al., 2010). An
electric current (2 mA, 15 min) was delivered by a battery-driven direct current (DC) stimulator (CX-6650;
Rolf Schneider Electronics, Germany). The experimental task was 6-8 min in duration, and started 5 min after
the onset of tDCS. tDCS was applied using the ramp method, in which the initial and final 10-s of electric

current gradually increases or decreases.


http://afni.nimh.nih.gov/

In the sham condition, the electric current intensity and voltage were the same as those in the cathodal
condition; however, the electric current was applied only for the initial 30 s, so the subjects experienced a
similar sensation to that in the cathodal condition. Most subjects report an initial itching sensation during
tDCS(Gandiga et al., 2006; Nitsche et al., 2003a; Nitsche and Paulus, 2000). This procedure was intended to
prevent awareness of the two different conditions. The stimulation parameters were in accordance with the

safety guidelines(Nitsche et al., 2003a; Oshio et al., 2010; Poreisz et al., 2007).

Statistical analysis of behavioral data

For Experiments 1 and 2, the accuracy rates and reaction times (RT) were used as dependent variables. The
normal distribution was tested using the Kolmogorov—Smirnov test. For the accuracy rate, we used Friedman
and pair-wise Wilcoxon signed rank tests. For RT, a repeated-measures analysis of variance (ANOVA) was
used. The Greenhouse-Geisser correction was used to adjust for sphericity, if appropriate, by changing the
degrees of freedom using the correction coefficient epsilon. The post-hoc t-test with the Bonferroni-type
correction was used. The threshold of significance was set at p < 0.05. All values are presented as the mean +

standard error of mean (SEM) unless otherwise stated.



Results

Experiment 1 (fMRI)

The mean accuracy rates were 0.95+0.05, 0.98+0.03, 0.98+0.04 and 0.99+0.01 for Politeness, Semantic,
Syntax and Control conditions. For the mean accuracy rate, there was no significant difference using Friedman
test. The mean RTs were 1,659+298.2, 1,745+322.2, 1,692+307.7 and 1,459+323.9 ms for Politeness,
Semantic, Syntax and Control conditions. A repeated measures ANOVA demonstrated the significant effect of
Condition on RT [F (3,60) = 15.191, p < 0.001]. Post-hoc t-test showed the significance between Control and 3
other task conditions (p = 0.013 for Politeness vs. Control, p = 0.001 for Semantic vs. Control, p < 0.001 for
Syntax vs. Control). However, the differences among 3 task conditions were not significant.

For the sentence-judgment tasks vs. Control task, similar pattern of brain regions showed significant
activation including the left IFG, IPS, and lateral and ventral temporal cortex (Fig. 2A, Table 2). In addition,
for the contrast “Po vs. Co”, the medial part of precuneus was activated. To clarify the brain areas associated
with politeness, we compared the Politeness condition to the two other language tasks: the “Po vs. Sem”
contrast showed greater activation than the “Po vs. Syn” contrast, although both exhibited activation of the
precuneus and bilateral IPL (Fig. 2B, Table 3). This activation pattern was confirmed by conjunction analysis
of the three contrasts; “Po vs. Co”, “Po vs. Sem” and “Po vs. Syn”, showing the activation of the precuneus
(Fig. 3, Table 3). There was no significant activation for the “Sem vs. Po” and “Syn vs. Po” contrasts.
Correlation coefficients revealed a significant negative relationship between the accuracy rate and the % signal
change of the precuneus for the “Po vs. Co” contrast (R =-0.51, p = 0.02; Fig. 4), but not for the “Po vs. Sem”
nor “Po vs. Syn” contrasts.

In addition, group-level SPM analysis revealed no significant activation for the “Status vs. Control” or

“Control vs. Status” contrasts with whole-brain analysis.

Experiment 2 (tDCS)
The mean accuracy rate significantly differed among the six conditions (three tasks each for real and sham
tDCS) according to the Friedman test (p < 0.001). Pair-wise Wilcoxon signed rank tests showed a significant

difference between the real and sham tDCS conditions only for the Politeness task (p = 0.005; Fig. 5). The
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mean accuracy rates (real+tSEM/sham+SEM) were 0.80+0.03 / 0.87+0.02, 0.93+0.02 / 0.94+0.02, 0.92+0.02 /
0.90+0.02, for Politeness, Semantic and Syntax conditions, respectively.

Repeated-measures ANOVA showed no significant difference in RT among the six conditions. The
mean RTs (real /sham) were 1006.4+37.5 / 1020.9+45.4, 944.8+34.9 / 957.7+36.5, 1008.8+39.6 / 963.1+34.4

ms for Politeness, Semantic and Syntax conditions, respectively.
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Discussion

Firstly, the present fMRI study revealed the precuneus activation associated with an honorific linguistic-
expression task. The strength of precuneus activation during the politeness-judgment task was correlated with
task performance. The precuneus was not significantly activated by the mere social-status judgment task.
Secondarily, suppressive interference of the precuneus by cathodal tDCS worsened performance of the
honorific judgment task but not other linguistic tasks. These findings indicate that the precuneus is essential for
verbal politeness. However, we only studied the verbal politeness using the honorific judgment task, the
functional relevance of precuneus in the non-verbal politeness is beyond our scope.

The Politeness, Syntax, and Semantic tasks all activated a similar linguistic brain network,
including the left IFG, compared with the control task(Just et al., 1996; Price, 2012; Tatsuno and Sakai, 2005).
This was thought to be because all three tasks included visual sentence comprehension. As suggested
previously, honorification processing might be related to a grammar function of the left IFG(Momo et al.,
2008; Sakai, 2005; Sakai et al., 2002; Suzuki and Sakai, 2003).

There were no significant differences in behavioral parameters among the three task conditions; the
politeness-related activation could thus not be attributed to differences in task difficulty. The additional
activation of the precuneus during honorific judgment might be related to brain processing of verbal politeness.
This activation was unlikely to be simply due to hierarchy cognition, because those areas were not activated
during the social status-judgment task.

A significant negative correlation was found between the BOLD signal increase and the
performance of the politeness task only for the precuneus activation. Most previous fMRI studies investigating
the relationship between brain activation and behavioral score in cognitive tasks involving memory(Bunge et
al., 2001; Raichle and Snyder, 2007), go/no-go testing(Holmes et al., 2005), and language(Just et al., 1996;
Sakai, 2005; Tatsuno and Sakai, 2005) have shown reduced activation of task-relevant brain regions in subjects
with better behavioral outcomes, in line with our findings for politeness and the precuneus. It is likely that poor
performers might require more efforts in their brain to accomplish the task. Since we did not find significant
correlation between the performance of the politeness task and the BOLD signal increase in the precuneus

during "Po vs. Sem" or "Po vs. Syn" contrasts, the exact functional role of precuneus in the verbal politeness

12



task is not fully clarified yet. It is plausible that the verbal politeness-related activation during "Po vs. Sem" or
"Po vs. Syn" contrasts might have been smaller compared to that during "Po vs. Co" due to the possible
implicit minimal activation of politeness-related processing during semantic or syntax tasks compared to
control non-linguistic task.

Weak tDCS of the scalp can induce temporary changes in cortical excitability and influence brain
activity, such as cognitive and motor functions, in normal human subjects(Bastani and Jaberzadeh, 2012; Priori,
2003). Anodal tDCS has facilitation effects whereas cathodal tDCS causes suppression(Addis et al., 2004;
Bastani and Jaberzadeh, 2012; Cabeza et al., 2008; Gilboa et al., 2004; Nitsche et al., 2003b). Here, cathodal
tDCS of the precuneus reduced performance only in the Politeness task.

Although the disadvantage of tDCS is its low spatial resolution, regarding its effects in the direction
of depth, previous modeling studies suggested that tDCS might be better than repetitive transcranial magnetic
stimulation (Miranda et al., 2006; Wagner et al., 2007). However, we cannot exclude the possibility that tDCS
in the present study affected not only the medial precuneus but also wider brain areas including the lateral
parietal and occipital cortices. In fact, the left SPL might be associated with the brain processing of verbal
politeness, since that area was activated for “Po vs. Co” contrast. However, the left SPL was activated also for
“Sem vs. Co” and “Syn vs. Co” contrasts and was not activated in the conjunction analysis. Thus, it is likely
that the decreased accuracy for politeness task induced by tDCS might not be directly associated with the
suppression of the lateral parietal cortices. However, it is still possible that the broad regions including the
lateral cortex and the dorsal medial region of precuneus would be stimulated by tDCS, which may influence
the responses to the behavioral tasks. Due to the small activation size associated with verbal politeness in the
present study, the interpretation of the tDCS results should be cautious because of its low spatial resolution.
Since animal model is impossible in investigating the verbal politeness, further careful studies in patients with
a localized lesion would be necessary to confirm the functional relevance of precuneus in the verbal politeness.

The functional role of precuneus is unclear but recent neuroimaging studies indicated its relevance in
visuo-spatial imagery(Gerardin et al., 2000; Hanakawa et al., 2003; VVogeley et al., 2004; Wan et al., 2011),

episodic memory retrieval(Addis et al., 2004; Cabeza et al., 2008; Gilboa et al., 2004; Wagner et al., 2005),
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and self-reference processing or self-awareness(lacoboni et al., 2004; Kircher et al., 2000; Kjaer et al., 2002;
Lou et al., 2004).

Politeness can be considered as self-referential processing, because it involves the recognition of
status. Previous works on self-reference processing, the precuneus was recruited by both nonverbal (Ruby and
Decety, 2001; Vogeley et al., 2004)and verbal(Kircher, 2003; Northoff et al., 2006) cues. It is tightly
interconnected with the medial prefrontal cortices, forming a network associated with representations of the
self and external world(Gusnhard and Raichle, 2001). It is also implicated in moral thinking(Greene and Haidt,
2002), suggesting politeness could be a type of moral sentiment associated with social hierarchy.

Recent studies suggested functional subdivision within the precuneus(Cavanna and Trimble, 2006;
Scheperjans et al., 2008a; Scheperjans et al., 2008b). The anterior precuneus was implicated in self-referential
processing, while a posterior region might be associated with episodic memory and visuo-spatial
imagery(Cavanna and Trimble, 2006). A comparative study of macaque monkeys and humans identified three
functionally-segregated subdivisions of the precuneus using fMRI resting-state connectivity analysis:
sensorimotor anterior, cognitive/associative central, and visual posterior parts(Margulies et al., 2009). The
peak voxel of activation in the present study was located in an area of the central precuneus involved in
cognitive functions, including monitoring information in working memory and action planning, with strong
connections to the posterior inferior parietal cortex, adjacent caudal superior temporal sulcus, and DLPFC
(Margulies et al., 2009). Similar activation has been reported during self-consciousness or subjective
perspective taking(Northoff et al., 2006). Moreover, the activation of pecuneus and dorsomedial prefrontal cortex
was observed while the subjects were watching the segment of two persons interaction compared to a single
individual activities by video clips, suggesting the importance of precuneus in social cognition (lacoboni et al.,
2004). This supports our hypothesis that politeness is a kind of self-referential cognition that conforms to social
hierarchy.

Differences in the activation patterns between the politeness and status tasks indicated that verbal
politeness is an active process associated with social-status recognition. We did not detect clear activation
caused by judgments of social status, possibly because the task was too simple. However, applying a more

liberal threshold to the SPM analysis indicated such activation in the left DLPFC (p < 0.005). This was
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consistent with previous fMRI(Zink et al., 2008) and patients(Mah et al., 2004) studies suggesting functional
relevance of the DLPFC in hierarchical recognition in a social context. Moreover, since the precuneus was
activated by the verbal politeness task but not by the status task, it is likely that the precuneus was specifically
related to the behavioral selection in accord with the recognition of social hierarchy. To behave appropriately
in the social hierarchy, the subject has to situate himself in the social ranking. Since we did not observe
significant precuneus activation during the social-status task, it is possible that the self-referential recognition
of social hierarchy without relevant social behavioral modification might not be sufficient to activate the
precuneus. This possibility is in agreement with the fact that the precuneus was not activated by simple social
hierarchy recognition tasks (Chiao et al., 2009a; Chiao et al., 2009b; Freeman et al., 2009; Marsh et al., 2009;
Zink et al., 2008) . However, further studies in precuneus function are necessary to clarify this point.

It is possible that the verbal politeness judgment might be in fact a pragmatic decision but not the
expression of sincere respect to other people. Human social behavior including politeness is a kind of theatrical
performances in the social interaction, which attempts to control the impression of the self that other persons as
audience will develop (Goffman, 1959). In this regard, the distinction between politeness and pragmatic
attitude would be difficult. Further studies including the pragmatic judgment task outside of the social
hierarchy context would be needed to clarify this point.

Most of previous fMRI studies in social hierarchy focused on the recognition of social superiority
(Chiao et al., 2009a; Chiao et al., 2009b; Freeman et al., 2009; Marsh et al., 2009; Muscatell et al., 2012; Zink
et al., 2008), which was also true for the status task in the present study. For the politeness task, there were two
types of errors; one is the usual verb for the superior subject and the other is the polite verb for the same-status
subject. It is likely that the brain activation of the former might be larger, because the former is regarded as
ruder impoliteness. However, since we used the fMRI block design, we cannot separate the brain responses for
these two types of errors. Further studies are necessary to clarify this point.

Previous studies suggested that the precuneus is strongly interconnected with the IPS, superior
temporal sulcus, and DLPFC(Cavanna and Trimble, 2006; Margulies et al., 2009; Zhang and Li, 2012). The
precuneus, DLPFC, and IPS might constitute a functional network associated with politeness. This is

supported by a previous study indicating the role of the IPS in hierarchy cognition(Chiao et al., 2009a).
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Our current findings suggest that human verbal politeness expressed in the human honorific language
might involve both the recognition of social hierarchy in the DLPFC or IPS and the judgment of politeness in

conformity with self-referential cognition of social hierarchy in the precuneus.
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Figure legends

Figure. 1. Schema of Experiment 1.

Four kinds of sentence-judgment task were visually presented: Politeness (Po), Semantic (Sem), Syntax (Syn),
and Control (Co). The tasks were presented in a block design with two sessions each of 600-s duration. Each
task block (15 s) included four trials preceded by an instruction cue (“Politeness”, “Syntax”, “Semantic”, or
“Square”) of 3 s. The stimulus sentence was presented for 3.4 s and followed by a 0.35-s fixation point.
Stimuli were presented and behavioral data were collected using E-prime software (Psychology Software
Tools, Inc., Pittsburgh, PA). The mean accuracy rate and the RT for correct responses were computed for

Politeness, Syntax, Semantic, Status, and Control tasks.

Figure. 2. Significant fMRI activation in pair-wise comparisons.
(A) The simple contrasts for three tasks against the Control. “Po vs. Co”, “Sem vs. Co”, and “Syn vs. Co”
showed similar activation of the left IFG and SPL. (B) The Politeness condition to the two other language

tasks. “Po vs. Sem” and “Po vs. Syn” showed similar activation of the precuneus and bilateral IPL.

Figure. 3. Brain activation associated with politeness.

Conjunction analysis of “Po vs. Sem”, “Po vs Syn” and “Po vs. Co” showed activation of the precuneus.

Figure. 4. Correlation analysisbetween brain activation and performance.
A negative correlation between the accuracy rate and the % signal change of precuneus in the “Politeness vs.

Control” contrast.

Figure. 5. Effects of cathodal tDCS on task performance (Experiment 2).

The mean accuracy rates for the Politeness, Semantic, and Syntax tasks in the real cathodal and sham tDCS

conditions. A significant difference between these conditions was found only for the Politeness task. *p < 0.01.
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Table 1

Examples of sentence stimuli.

Cotrect Sentence [ Sensei-ga iken-o ossyata.
'The teacher said (honorific) an opinion.'
Tomodachi-ga iken-o itta.

'A friend said (normal) an opinion.'

Politeness Error Sensei-ga iken-o itta.
"The teacher said (normal) an opinion.'
Tomodachi-ga iken-o ossyatta.

'A friend said (honorific) an opinion.'

Semantic Error Sensei-ga iken-o meshiagatta.

'"The teacher ate (honorific) an opinion.'

Syntax Error Sensei-ga iken-de ossyatta.

"The teacher said (honorific) with an opinion.'

Control Target Sensei-ga [ iken-o ossyatta.

"The teacher said an opinion.'

(white square in the middle)




Table 2

Region of gray matter with Po vs. Co, Sem vs. Co, and Syn vs.Co contrasts.

Regions Cluster centers Zvalne Clustersize
X ¥ Z

Povs. Co L. Middle and Infernior Frontal Gyrus (MFG/IFG) -46 19 21 455 1052
L. Superior Parietal Lobe (SPL) 32 -60 48 447 401
R.MFG/IFG 42 26 21 437 732
R. Insula 30 24 0 403 206
L.IFG -26 18 -6 393 195
L. Superior Frontal Gyrus -6 14 66 385 51
L. Lentiform Nucleus -20 2 18 3383 58
R. Cerebellum 8 -80 22 379 230
Precuneus 2 60 26 373 124
L. Middle Temporal Gyrus -56 -4 -4 373 55
L.MFG -40 12 58 359 24
R. Cerebellum 0 -58 38 349 22
R._Middle Occipital Gyrus 26 -2 0 347 89

Sem vs. Co L.MFGIFG -16 18 26 6.05 3281
L. Candate -6 -2 20 554 244
L. SPL -30 -4 52 456 502
R.MFG/IFG 38 10 28 452 524
L. Middle Temporal Gyrus -56 -4 0 449 390
R. Middle Occipital Gyrus 18 -82 20 449 1311
R. Fusiform Gyrus -46 -58 -14 4.15 574
L.SFG -4 8 60 388 T2
R.SPL 30 -58 40 369 147
R. Caudate 8 0 22 3.6 31
R.Insula 32 24 0 322 13

Syn vs.Co L.MFG/IFG -46 4 38 58 2570
L. Inferior Temporal Gyrus -38 -58 -8 498 277
R. Cerebellum 14 -78 24 449 446
L. SPL -30 -52 48 433 634
R.Middle Occipital Gyrus 28 -2 0 4.16 761
L. Middle Temporal Gyrus -56 -4 2 396 211
R. Cercbellum 0 -58 -38 396 156
L. Middle Occipital Gyrus 32 -82 0 388 431
R.SPL 28 -60 40 372 T2
L. Cerebellum -6 -80 22 3 103
R.IFG 40 6 30 35 16
R. Cercbellum 36 -66 -26 33 18

Coordinates reported in MNI convention. Results presented at a threshold of cluster-size corrected p < 0.05 (voxel-based threshold of
p<0.001).



Table 3

Region of gray matter with Po vs. Syn, Po vs. Sem contrasts and Conjunction analysis.

Regions Cluster centers Zvalue  Cluster size
X ¥y Z

Povs. Sem R. Inferior Temporal Gyrus 61 -11 21 3.49 13
R. MFG 28 22 15 346 17
L.IPL -57 =57 34 334 11
R_ Anterior Cingulate 4 44 -l6 33 12
Precuneus 6 -53 30 329 24
R.IPL 46 -60 36 3.25 56

Povs. Syn R_ Lentiform Nucleus 24 2 10 525 645
R.IPL 413 -4 32 438 594
R.SFG 32 32 56 445 482
Precuncus 2 -66 22 424 576
L. Fusiform Gyrus -54 -4 30 422 32
L.SFG -18 54 34 401 126
R. Superior Temporal Gyrus 68 42 20 398 16
L. Superior Temporal Gyrus -58 -62 22 3.87 130
R_ Anterior Cingulate 6 18 28 3.86 286
R. Claustrumn 30 24 12 3.81 40
R_ Cingulate Gyrus 1 =24 12 376 88
R.IPL 68 -30 28 3.57 45
L. MFG 0 52 -10 3.55 47
L.IPL -46 -68 46 3.52 50
L. Anterior Cingulate 0 16 -4 349 18
R_ Lentiform Nucleus 24 12 -8 3.46 30
P IPL 58 -20 24 3.36 20
L. MFG -6 12 28 321 12
Precuneus 6 -56 30 3.29 24

Conjunction analysis

(POvs.Co,POvs. Precuncus 2 -60 29 3.32 12

Sem, Po vs. Syn)

Coordinates reported in MNI convention. Results presented at a threshold of cluster-size corrected p < 0.05 (voxel-
based threshold of p < 0.001).
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