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Abstract: Evidence derived from functional imaging and brain-lesion studies has shown a strong
left lateralization for language, and a complementary right hemisphere dominance for visuospatial
abilities. Nevertheless, the symmetrical functional division of the two hemispheres gives no reason
for the complexity of the cognitive operations involved in carrying out a linguistic task. In fact,
a growing number of neuroimaging and neurostimulation studies suggest a possible right hemisphere
involvement in language processing. The objective of this work was to verify the contribution of the
left and right parietal areas in a phonological task. We applied anodal transcranial direct current
stimulation (tDCS) to the right or left inferior parietal lobe, during a syllabic reordering task. After
having learnt a combination of images of real objects and trisyllabic pseudowords with a simple
consonant–vowel (CV) syllabic structure (e.g., tu-ru-cu), participants were shown the same images
paired to two different pseudowords: one correct but with transposed syllables, and one alternative,
never before seen. The participant’s task was to orally produce the chosen pseudoword, after having
rearranged the order of its syllables. Two types of error were considered: transposition (correct
pseudoword but incorrectly reordered) and identity (incorrect pseudoword). The results showed
that right anodal stimulation significantly reduced the number of transposition errors, whereas left
anodal stimulation significantly reduced the number of identity errors. These results suggested that
both left and right inferior parietal areas were differentially involved in a syllabic reordering task,
and, crucially, they demonstrated that visuospatial processes served by the right inferior parietal area
could be competent for establishing the correct syllabic order within a word.

Keywords: tDCS; syllabic ordering; language; right parietal cortex; spatial processing

1. Introduction

The possible role of the right hemisphere in linguistic tasks has long been studied,
both in subjects with damage to the right and left hemispheres [1–7], and in healthy
volunteers [8–12]. Neuroimaging and neurostimulation studies with healthy subjects
suggested the involvement of the right hemisphere in phonological tasks [13–18]. For
example, Raboyeau et al. [12] reported PET activation of the right inferior frontal areas in
healthy subjects, who had to learn and then retrieve phonological representations of foreign
words. Hartwigsen and collaborators [17] used high-frequency repetitive transcranial
magnetic stimulation (rTMS) over the posterior inferior frontal gyrus (pIFG); meanwhile,
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participants had to decide if the presented word had two or three syllables. They found that
both the left and right pIFG contributed to the improvement of accuracy and reaction times
in visual and auditory phonological decision tasks, and they concluded that the right pIFG
is necessary for accurate and efficient phonological decisions in the healthy brain. The same
researchers [18] reported an increase in the number of errors and reaction times during a
syllabic decision task using interfering rTMS on both left and right supramarginal gyri.
No significant result was obtained during the administration of semantic and perceptive
decision tasks, nor during interfering stimulation on angular gyri, demonstrating the
functional and anatomical specificity of the stimulated regions. The authors argued that
not only the left supramarginal gyrus, but also the right one, may be necessary for correct
phonological processing, and they concluded that the right hemisphere may not intervene
for compensatory purposes only, following lesions of the left hemisphere, but could play a
role in phonological processing of words.

In this paper, we address the distinctive and different role of the right parietal area,
compared to the corresponding area of the left hemisphere, in a syllabic order task. The in-
volvement of this cerebral area in serial order tasks has been previously recognized [19].
Interestingly, the right parietal lobe is critical for spatial processing. This role was demon-
strated by patient studies showing impaired spatial processing and right hemisphere
damage [20]. Furthermore, neuroimaging and neurostimulation studies have confirmed
the right parietal area to be a neural correlate of spatial processing in healthy subjects [21,22].
We attempt to test if the spatial competence of the right parietal area could represent the
underpinning mechanism of the contribution of the right hemisphere in a phonological
task, such as the reordering of syllables within a word.

Transcranial direct current stimulation (tDCS) is a non-invasive method of brain stim-
ulation, capable of increasing with anodal polarity, or decreasing with cathodal polarity,
the frequency of spontaneous discharge of neurons in the stimulated area [23,24]. Due to
these characteristics, it has been successfully used to improve the performance in different
cognitive tasks of healthy participants [25–28] and patients suffering from various neuro-
logical diseases [29–31]. Recent tDCS studies reported the involvement of the left parietal
area in phonological tasks [32,33]. On the contrary, its right counterpart is known to have a
major role in processing visuospatial information [34–37].

In the present study, anodal tDCS was applied to both the right and the left inferior
parietal lobes during a syllabic reordering task. The experiment started with a learning
phase, in which picture-pseudoword pairs were presented. In the second phase, the same
pictures were presented along with two pseudowords: one correct but with a transposed
syllabic order, and one alternative. Participants were asked to choose the correct pseu-
doword, and to produce it orally by re-ordering its syllables. In order to enhance task
difficulty, both pictures and pseudowords have a simple consonant–vowel (CV) syllabic
structure in the Italian language (i.e., the picture of a table, TA-VO-LO, matched with
the pseudoword TU-RU-CU). In healthy speakers, ordering letters within a word is an
automatic process, provided that they know the given words in that language. In the case
of new words, these lexical processes cannot be used; instead, phonological post-lexical
mechanisms such as the production of the identity and order of the individual letters that
make up the new word are mainly involved [38]. We decided to use pseudowords in order
to stress segmental processing.

Two types of errors appear to be crucial here: identity errors (i.e., choice of the alter-
native pseudoword), and transposition errors (i.e., choice of the correct pseudoword, but
incorrect order of its syllables). The distinction between representation of identity and
serial order at the different levels of the components of language (words, syllables, or
letters) was supported by behavioral and neuropsychological studies [39,40]. The neural
substrate of this distinction has been identified at the level of the left and right intraparietal
sulcus [41,42]. Recently, Antoine and colleagues [43] reported that patients affected by
hemispatial neglect with lesions to the right parietal posterior cortex produced more order
errors than item errors in a verbal working memory task, compared to healthy controls.
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We hypothesized that anodal tDCS may differentially affect the number and the
type of participants’ errors when applied to the left or to the right inferior parietal lobe.
Specifically, after left anodal stimulation, we expected a reduction in the number of times
the wrong pseudoword was recognized as correct (i.e., less identity errors relative to
Sham condition), thus confirming previous findings [31,44–46]. On the other hand, right
anodal stimulation should reduce the number of errors in which the correct chosen string is
incorrectly ordered (i.e., less transposition errors relative to Sham condition). In fact, spatial
components served by the right inferior parietal lobe may be involved in the ordering of
syllables [41,42]. Furthermore, some studies have demonstrated a functional link between
spatial attention and serial order in verbal tasks [47,48]. Therefore, ordering letters within
words could at least partly involve a spatial operation charged to, or in cooperation with,
the right hemisphere, and could play an important role in language tasks.

2. Materials and Methods

Twenty-two (ten males and twelve females) healthy volunteers, right-handed, without
a history of neurological or psychiatric illness, took part in the experiment. All participants
were Italian native speakers, aged between 20 and 31 years (mean = 26.3 years, SD = 3.22),
with 15 to 18 years of formal education (mean = 17.4, SD = 1.16). A set of 30 pictures
belonging to different semantic categories (clothes, food, furniture, animals, tools, body
parts) was used [49]. All of the pictures depicted objects with CV-CV-CV real nouns
(e.g., ta-vo-lo, ‘table’). Forty CV-CV-CV pseudowords were also created and paired to the
pictures. Each pseudoword consisted of three syllables with the same repeated vowel,
but different consonants (i.e., PACADA; REVEZE; TILIPI; GOTOLO; FULUDU). Moreover,
an additional 30 pseudowords were selected as alternatives in the second phase of the task.
They were constructed following the same criteria as for the target pseudowords. Correct
and alternative pseudowords belonging to the same trial always shared the same vowels,
but never the same consonants (see Appendix A). The 30 pictures with their target and
alternative associated pseudowords were divided into three blocks of equal numerosity
(n = 10 per block). Each block was used in a different stimulation condition. Participants
were invited to maintain a state of great relaxation and to sit in front of the screen, at a
distance subjectively considered convenient for reading. All participants performed the
same task. Each trial started with a fixation point lasting for 500 milliseconds, followed by
the figure along with the pseudoword written in uppercase (e.g., TURUCU; see Figure 1a).
The picture–pseudoword pair remained on the screen for 4 s. The inter-trial interval lasted
between 300 and 500 milliseconds. Participants were asked to memorize each picture–
pseudoword pair. Immediately after the end of this phase, each figure along with the
correct and the alternative pseudowords was presented (see Figure 1b). All pseudowords
appeared in uppercase and were divided into three syllables. Moreover, the syllables of the
previously learned pseudowords were in a transposed order (for example, FULUDU: LU
DU FU). The syllabic order of the target pseudowords was modified in a way that the first
syllable was never maintained. The position of the target and alternative pseudowords (up
versus down) was counterbalanced across items in each stimulation condition. Pictures
and pseudowords remained on the screen for 4 s. Fixation point and inter-trial interval
were the same as the previous phase.

Participants were instructed to choose the correct pseudoword, to re-order its syllables
according to the string presented in the previous phase, and to name it orally. This type
of linguistic task stressed the production of order errors. Vocal responses were recorded;
all answers given after 4 s were excluded from the analysis. Instructions emphasized
response speed and accuracy. The task was repeated five times. For each repetition,
the order of the presentation of trials was differently randomized. The experiment was
controlled by the software PsyScope X [50]. Each participant performed the task under
three conditions: (1) tDCS over the right inferior parietal lobe; (2) tDCS over the left inferior
parietal lobe; and (3) Sham tDCS over the right inferior parietal lobe.
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Figure 1. (a) Example of a picture–pseudoword pair in the learning phase; (b) example of a picture with target and
alternative pseudowords in the re-order phase.

Each condition was administered in a different session, for a total of three sessions
with an interval of at least one week between each other. The order of sessions was
counterbalanced across participants according to a Latin square design. A direct battery-
powered current stimulator (Magstim Company Ltd., Whitland, Wales, UK) was used. The
two electrodes (35 cm2 (7 × 5) size), covered with saline-soaked sponges, were applied to
the scalp. Anodal tDCS was delivered at 2 mA for 25 min. The current increased in the first
8 s up to 2 mA, and then remained constant throughout the stimulation time. For the Sham
tDCS, the 2 mA intensity was only given for 30 s, reproducing sensations provoked by the
passage of current at the beginning of the stimulation. By using an electroencephalography
(EEG) cap, according to the International 10–20 system for EEG electrode placement, the
active anode was positioned over CP5 (left hemisphere) or CP6 (right hemisphere). In real
and Sham tDCS sessions, the reference electrode (cathode) was placed over the contralateral
supraorbital area (however, for a discussion of different montages, see [51–53]). The task
began at the beginning of the stimulation, and was completed at the end of the stimulation.
This research was conducted in accordance with the Helsinki Declaration. Written informed
consent was obtained from all volunteers, and the protocol was approved by the Ethics
Committee of the University Hospital Paolo Giaccone of Palermo.

The number of errors was the dependent variable of interest. Two types of errors
were considered:

Identity errors: production of the alternative pseudoword (e.g., NUTUVU instead of
FULUDU) (see Figure 1);

Transposition errors: production of the correct pseudoword, but in a transposed order
(e.g., FUDULU instead of FULUDU) (see Figure 1).

Two different repeated measure analyses of variance (ANOVA) were performed
separately for identity and transposition errors, with repetition (one to five) and conditions
(three levels: left tDCS, right tDCS, Sham) as within-subject factors. A p-value of 0.05 was
considered statistically significant. Moreover, the Mauchly test was carried out in order
to check the assumption of sphericity, and the Greenhouse–Geisser correction was used
in the case of violations of the assumption. A post hoc pairwise comparison (adjusted to
Bonferroni) was performed only for statistical significative effect, in order to verify between
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which groups there was a significant difference. No responses or other types of errors were
excluded from the analysis.

3. Results

1.8% of the responses were excluded from the analyses for being longer than 4 s.
The cutoff was selected on the basis of a brief pilot study, with six participants showing
that average RTs augmented by two standard deviations were around 4 s. Indeed, in the
experiment reported here, responses equal to or longer than 4 s were quite low (1.8%) and
evenly distributed across conditions.

The ANOVAs on the identity and the transpositions errors both showed a main effect
of repetition (identity: F(4,84) = 62.80, p = 0.0000; transposition: F(4,84) = 55.68, p = 0.0000),
demonstrating that errors decrease as a function of the repetition. Moreover, a main effect
of condition was shown (identity: F(2,42) = 11.54, p = 0.0001; transposition: F(2,42) = 8.48,
p = 0.0008). Finally, a conditions*repetitions interaction was found only for transposition
errors (F(8168) = 3.04, p = 0.0186), whereas no interaction emerged for identity errors:
(F(8168) = 1.49, p = 0.193). The post hoc pairwise comparisons (adjusted to Bonferroni)
showed that transposition errors were significantly reduced during the right anodal tDCS,
compared to both the left anodal tDCS (p = 0.041) and Sham (p = 0.0006), whereas no signif-
icant difference emerged between the left anodal tDCS and Sham (p = 0.417). Concerning
identity errors, the post hoc pairwise comparisons (adjusted to Bonferroni) showed that the
left anodal tDCS was significantly different compared to right anodal tDCS (p = 0.043) and
Sham (p = 0.00000), but no significant difference was found between the right anodal tDCS
and Sham (p = 0.088). Figures 2 and 3 report mean errors respectively for transposition and
identity errors.

Symmetry 2021, 13, x FOR PEER REVIEW 5 of 11 
 

 

Transposition errors: production of the correct pseudoword, but in a transposed or-

der (e.g., FUDULU instead of FULUDU) (see Figure 1). 

Two different repeated measure analyses of variance (ANOVA) were performed sep-

arately for identity and transposition errors, with repetition (one to five) and conditions 

(three levels: left tDCS, right tDCS, Sham) as within-subject factors. A p-value of 0.05 was 

considered statistically significant. Moreover, the Mauchly test was carried out in order 

to check the assumption of sphericity, and the Greenhouse–Geisser correction was used 

in the case of violations of the assumption. A post hoc pairwise comparison (adjusted to 

Bonferroni) was performed only for statistical significative effect, in order to verify be-

tween which groups there was a significant difference. No responses or other types of 

errors were excluded from the analysis.  

3. Results 

1.8% of the responses were excluded from the analyses for being longer than 4 s. The 

cutoff was selected on the basis of a brief pilot study, with six participants showing that 

average RTs augmented by two standard deviations were around 4 s. Indeed, in the ex-

periment reported here, responses equal to or longer than 4 s were quite low (1.8%) and 

evenly distributed across conditions. 

The ANOVAs on the identity and the transpositions errors both showed a main effect 

of repetition (identity: F(4,84) = 62.80, p = 0.0000; transposition: F(4,84) = 55.68, p = 0.0000), 

demonstrating that errors decrease as a function of the repetition. Moreover, a main effect 

of condition was shown (identity: F(2,42) = 11.54, p = 0.0001; transposition: F(2,42) = 8.48, 

p = 0.0008). Finally, a conditions*repetitions interaction was found only for transposition 

errors (F(8168) = 3.04, p = 0.0186), whereas no interaction emerged for identity errors: 

(F(8168) = 1.49, p = 0.193). The post hoc pairwise comparisons (adjusted to Bonferroni) 

showed that transposition errors were significantly reduced during the right anodal tDCS, 

compared to both the left anodal tDCS (p = 0.041) and Sham (p = 0.0006), whereas no sig-

nificant difference emerged between the left anodal tDCS and Sham (p = 0.417). Concern-

ing identity errors, the post hoc pairwise comparisons (adjusted to Bonferroni) showed 

that the left anodal tDCS was significantly different compared to right anodal tDCS (p = 

0.043) and Sham (p = 0.00000), but no significant difference was found between the right 

anodal tDCS and Sham (p = 0.088). Figures 2 and 3 report mean errors respectively for 

transposition and identity errors. 

 

Figure 2. Mean transposition errors in the five repetitions of the task for the three stimulation con-

ditions. 

0

0.5

1

1.5

2

2.5

3

3.5

1 2 3 4 5

Transpositions

 Right anodal 

 Left anodal 

 Sham 

Figure 2. Mean transposition errors in the five repetitions of the task for the three stimulation conditions.

Symmetry 2021, 13, x FOR PEER REVIEW 6 of 11 
 

 

 

Figure 3. Mean identity errors in the five repetitions of the task for the three stimulation conditions. 

4. Discussion 

The aim of this work was to verify the effect of anodal tDCS when applied to the right 

or left inferior parietal cortex in a syllabic reordering task. The results showed that trans-

position and identity errors significantly decreased during respectively right and left an-

odal tDCS. On the other hand, right anodal stimulation had no effect on identity errors, 

whilst left anodal stimulation had no effect on transposition errors.  

Furthermore, the post hoc analysis highlighted that the specific effects are based on 

the direct comparison of the lateralized tDCS with both Sham and real tDCS of the oppo-

site hemisphere. In other words, the reduction in transposition errors was statistically sig-

nificant versus both Sham stimulation and anodal stimulation of the left hemisphere, and 

the reduction in identity errors was statistically significant both versus Sham stimulation 

and right anodal stimulation. We discuss these results separately. 

4.1. Reduction of Identity Errors during Left Hemisphere Stimulation 

The decrease in identity errors during anodal tDCS over the left parietal cortex could 

be explained by the well-known involvement of the left perisylvian areas in verbal tasks 

[31,44–46]. However, the literature data were not univocal in this regard. In a recent study, 

Fiori and collaborators [54] explored the impact of unilateral and bilateral tDCS on verbal 

learning in young and elderly subjects. The authors did not find differences in young sub-

jects (like ours) in the three stimulation conditions (unilateral with anode on the left, bi-

lateral with cathode on the right and anode on the left, and Sham) on an area adjacent to 

the one stimulated in our experiment (CP5), whereas the elderly subjects’ performance 

improved after bilateral stimulation. In order to explain the discrepancy with respect to 

previous findings [31,44–46], the authors speculated that the stimuli in their set were not 

sufficiently difficult for an effect to emerge. Their stimuli were bisyllabic pseudowords 

coupled with images of various semantic categories, matched by frequency. They hypoth-

esized that, with a more difficult task, for example, increasing the number and the com-

plexity of the stimuli, performance could have improved, even for young participants.  

However, we found a significant effect of the left anodal stimulation on young adult 

participants with a task analogous to that used in Fiori et al. [54]. One possibility is that 

our linguistic task was in fact more difficult due to the syllabic structure of the 

pseudowords and the pictures selected. In Fiori et al. [54], however, the syllabic structure 

of the actual pictured noun may be the same as or different from the syllabic structure of 

the paired pseudoword; in the present study, all of the pseudowords used shared the syl-

labic structure with the actual nouns of the pictures to which they were paired. Possibly, 

during both the learning and the re-order phase of the pseudowords, the actual lexical 

representation of the pictured noun remained continuously active and available to the 

0

0.5

1

1.5

2

2.5

1 2 3 4 5

Identity errors

 Right anodal 

 Left anodal 

 Sham 

Figure 3. Mean identity errors in the five repetitions of the task for the three stimulation conditions.



Symmetry 2021, 13, 2077 6 of 11

4. Discussion

The aim of this work was to verify the effect of anodal tDCS when applied to the
right or left inferior parietal cortex in a syllabic reordering task. The results showed that
transposition and identity errors significantly decreased during respectively right and left
anodal tDCS. On the other hand, right anodal stimulation had no effect on identity errors,
whilst left anodal stimulation had no effect on transposition errors.

Furthermore, the post hoc analysis highlighted that the specific effects are based
on the direct comparison of the lateralized tDCS with both Sham and real tDCS of the
opposite hemisphere. In other words, the reduction in transposition errors was statistically
significant versus both Sham stimulation and anodal stimulation of the left hemisphere, and
the reduction in identity errors was statistically significant both versus Sham stimulation
and right anodal stimulation. We discuss these results separately.

4.1. Reduction of Identity Errors during Left Hemisphere Stimulation

The decrease in identity errors during anodal tDCS over the left parietal cortex could be
explained by the well-known involvement of the left perisylvian areas in verbal tasks [31,44–46].
However, the literature data were not univocal in this regard. In a recent study, Fiori and
collaborators [54] explored the impact of unilateral and bilateral tDCS on verbal learning
in young and elderly subjects. The authors did not find differences in young subjects
(like ours) in the three stimulation conditions (unilateral with anode on the left, bilateral
with cathode on the right and anode on the left, and Sham) on an area adjacent to the one
stimulated in our experiment (CP5), whereas the elderly subjects’ performance improved
after bilateral stimulation. In order to explain the discrepancy with respect to previous
findings [31,44–46], the authors speculated that the stimuli in their set were not sufficiently
difficult for an effect to emerge. Their stimuli were bisyllabic pseudowords coupled with
images of various semantic categories, matched by frequency. They hypothesized that,
with a more difficult task, for example, increasing the number and the complexity of the
stimuli, performance could have improved, even for young participants.

However, we found a significant effect of the left anodal stimulation on young adult
participants with a task analogous to that used in Fiori et al. [54]. One possibility is that our
linguistic task was in fact more difficult due to the syllabic structure of the pseudowords
and the pictures selected. In Fiori et al. [54], however, the syllabic structure of the actual
pictured noun may be the same as or different from the syllabic structure of the paired
pseudoword; in the present study, all of the pseudowords used shared the syllabic structure
with the actual nouns of the pictures to which they were paired. Possibly, during both the
learning and the re-order phase of the pseudowords, the actual lexical representation of the
pictured noun remained continuously active and available to the participant. According
to one accredited model of speech production [55], the phonological and the lexical level
are linked bidirectionally: that is to say that, despite each level of representation being
autonomous and defining some specific characteristics, the two levels influence each other
in language production. The lexical level is assumed to specify word features such as
grammatical class and frequency of occurrence, whereas the phonological level includes
representations relative to linear order and syllabic structure. Therefore, one could imagine
a sort of “syllabic interference” between the pictured noun and the paired pseudoword
that may make the task more difficult. This effect could be assimilated to the well-known
phonological similarity effect [56–58]. This effect refers to the phenomenon according to which
learning words with a similar sound (e.g., “tana”, burrow, “lana” wool, “rana”, frog) is more
difficult than learning words with dissimilar sounds (e.g., “cane”, dog, “vaso”, jar, “luna”,
moon). In the same vein, a syllabic similarity effect would predict more difficulty in learning
a word–pseudoword pair with analogous versus different syllabic structures. Indeed, many
studies have documented the psychological relevance of the syllabic structure on both
speech-related behaviors, as the temporal dynamics of speech articulation [59], and on
phoneme perception and production, even in second language acquisition [60].
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4.2. Reduction of Transposition Errors during Right Anodal Stimulation

According to the most recent functional imaging [10,12] and neurostimulation stud-
ies [17,18], our results suggested an involvement of the right hemisphere for some phono-
logical aspects of language, such as the order of letters within a word. It has been shown
that the ability to represent the order of the letters within a word is not a specifically
linguistic mechanism, but a domain-general principle that could also be shared by different
domains [61]. From a neural point of view, a possible consequence of this idea is that the
two cerebral hemispheres collaborate, each with its own specificity, to linguistic elaboration.

The role of the right parietal areas in linguistic tasks could be linked to the ability of
the right hemisphere to process spatial information, wherever the tasks require them, such
as the ordering of syllables within a word. Therefore, a decrease in transposition errors
during anodal tDCS over the right parietal cortex could be attributed mainly to a spatial
operation, linked to the functions of the right hemisphere. Indeed, this kind of error is
related to the choice of the spatial position of a letter relative to the others within a string.
Previously, the right intraparietal sulcus was suggested as a neural correlate with the ability
to represent the serial order of linguistic elements [41,42]. Lesion studies seem to confirm
the involvement of the right parietal cortex in a verbal working memory task, in which the
serial order of memorized consonants had to be recognized [43].

In the literature, as already mentioned, there are no studies in which anodal tDCS over
the right hemisphere was used to verify its involvement in syllabic order. Fiori et al. [62]
stimulated the right occipital-parietal cortex as a site of control of the left temporo-parietal
cortex during a retrieval phase of pseudowords coupled with images of known objects; they
did not find significant results, probably because the right occipital-parietal cortex was not
specifically involved in verbal tasks. Recently, Manuel and Schnider [63] used tDCS over
the left and right prefrontal and parietal cortices in a continuous and delayed recognition
task with verbal (pseudowords) and visual (abstract geometrical figures) stimuli. The
authors reported an improvement in the visual but not in the verbal task with anodal
tDCS over both posterior left and right parietal cortices, thus supporting the hemispheric
non-specificity for visual material. However, no spatial processing was prompted for their
verbal task, contrary to our experiment, in which the subjects had to re-order the syllables
within a word previously presented.

Under normal conditions, the two hemispheres divide the competencies, and do not
interfere with one another. The fact that they do not interfere, however, does not exclude
that they collaborate for the success of certain tasks. Our data suggested that visuospatial
abilities served by the right parietal cortex could contribute to establishing the correct
syllabic order within a word. In the present study, we set out to overcome the schematism
of the verbal/non-verbal dichotomy of the two cerebral hemispheres, and to fairly evaluate
the complexity of hemispheric interactions in language production.

Further studies are needed in order to investigate the role of the right parietal cortex
in phonological order tasks. Firstly, considering the size of the electrodes used in this
experiment, the effect of the tDCS could have also reached, in addition to the inferior
parietal cortex, to a lesser extent, to the adjacent areas of the right and left hemisphere.
In order to achieve more focal stimulation of specific cortical targets, future research may
use multichannel set-ups. Secondly, it is necessary to carry out further experiments with a
more representative sample, and it would be interesting to examine the syllabic order ability
in patients with damage to the right inferior parietal cortex. Finally, future works with
non-invasive methods of brain stimulation could assist in examining the neural systems
underlying the perception and production of syllables, informed by current models of
brain dynamics for language, according to which the syllabic elaboration would follow a
neural oscillatory pattern (for a recent review, see [64]).
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Appendix A

Table A1. Target and alternative pseudowords paired to the pictures (n = 30 each), 10 per stimulation
condition.

Correct Pseudowords Alternative Pseudowords Pictures

CABATA VAGADA LIMONE
CEZEBE GEREPE PALLONE
GIVIMI FIBICI CAROTA

GULUMU NUCUFU DIVANO
PACADA GAMATA BOTTONE
PUFUDU RUTUBU SEDANO

SIMIGI LIRICI CAMMELLO
SOLOTO ZONODO CATENA
TELENE DERESE GIRAFFA
ZOSODO RONOTO PATTINO
BELESE PEZERE CAPELLI

BUGUZU MUCURU BARILE
DELENE TEREVE BANANA

DOVOCO POTOGO CORONA
FOLOZO BONORO GORILLA

LINIVI GIMITI LATTUGA
GUMUFU CUBUVU PAVONE
LABACA PAGARA SIGARO
MAPASA BAFALA COLLANA
NIRIMI LISIVI MATITA

BASARA FAZAVA NUVOLA
DALAZA TANARA CAVALLO
FELEME REBEVE CIPOLLA
FULUDU NUTUVU TAVOLO

GIPIVI CISIFI PECORA
LINIVI ZIRIFI BULLONE

MOGOSO BOCORO DITALE
PONOLO ROFOSO MULINO
REVEZE LEBESE POLLICE
TUBURU DUMUSU PADELLA
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