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Abstract

Localization of the different stages of auditory processing is among the most hotly
debated topics in neurolinguistic researches and there has been a strong emphasis on the
role of two sub-areas of the auditory cortex -namely the primary auditory cortex (A1)
and superior temporal gyrus (STG)- as the source of sensory analysis and preliminary
cognitive processing of the auditory input. This study intends to explore spatial correlates
of neural processing of the Persian vowels. Then to exploit that information to shed some
light on the contents of the cognitive procedures attributed to different areas of the
auditory cortex. To achieve such a goal, we employed electroencephalography to map
the Persian vowel system onto cortical sources using the N1 auditory evoked potential
and its subcomponents N1a and N1b. The resulting source analysis of the obtained data
revealed that the spatial coordinates of both neural clusters that induce early and late
subcomponents of the N1 for each vowel were better correlated to the distinctive features
of the respective vowel than to its acoustic properties. Such results support the claim that
contrary to the former conception of the auditory processing procedures, the Al is not
exclusive to the sensory analysis and that the categorical recognition commences at an
earlier stage than formerly understood.
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1. Introduction

How the human cognitive system encodes the acoustic signals into
phonological representations is a fundamental question for the neurobiology of
language, and the problem of determining the relationship between the input
characteristics and the spatial coordinates of the source locations of the
processing procedures remains a long lasting challenge. As the previous
magnetoencephalographic studies have failed to achieve a consensual account
of nature, location, and processing content ascribed to each progressive stage
of auditory recognition of the vowels, the following paper is aimed to
approach this problem through an investigation of the relationship between the
phonological and phonetic properties of standard Persian simple vowels and
the  neurophysiological  events corresponding to  them  using
electroencephalographic technics.

2. Literature review

Past research in cognitive neuroscience has uncovered several one-, two- and
three-dimensional maps in mammalian cortices that spatially parallel sensory
dimensions in somatosensory, visual, and auditory perception (Ohl & Scheich,
1997; Romani et al. 1982). The tonotopic structure of the auditory cortex is
well known and has been studied extensively in animals and humans (Romani
et al.,, 1982). The frequency maps first appear at different levels from the
cochlea through the ascending auditory pathways up to the cortex. Thus,
tonotopy can be considered a fundamental principle of information processing
in the auditory system. (Scharinger et al., 2011). Spatial coding schemes in
neuroscience such as those mentioned above are particularly interesting when
applied to speech perception because speech sounds relate acoustic and
articulatory information (Stevens, 1998; Diehl, 1992). Brain mapping studies
on speech sounds showed that their cortical representation conforms to
tonotopic maps in the auditory cortex (Obleser et al. 2003a & b, 2004;
Shestakova et al. 2004; Eulitz et al. 2004). Studies on the tonotopy of speech
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sounds in the auditory cortex have focused on a dominant auditory evoked
component, the NI, a negative vertex deflection in the electro-
encephalographic signal between 70 and 150 msec after stimulus onset
(Manca et al. 2019) and its magneto-encephalographic equivalent, the
NI1m/M100 (Niditanen & Picton, 1987, Riedinger et al. 2021).

3. Materials and method

Eighteen volunteers (9 women; mean age + SD: 26.3 + 3.8) participated in the
experiment after providing written consent. The subjects were all native
speakers of Persian, right-handed, and without any history of auditory,
neurological, or any other significant health impairment. The participants were
each presented four strings of auditory stimuli played successively at a random
order with a random interval of 1400 to 1700 milliseconds. Each string consisted
of 50 iterations of each six simple vowels of standard Persian as pronounced by
a young-adult male native speaker at neutral tone plus 18 iterations of a 200
milliseconds long, 1KHz pure tone as distractor stimulus. They were asked to
passively listen to the stimuli while the neurologic reactions of their cortexes
were being recorded via a 32-channel EEG cap with a standard 10-20
configuration and sample rate of 512Hz. The resulting signals were then cleared,
processed, and analyzed into independent components through the ICA
algorithm. The results then were statistically analyzed and used to examine the
efficacy of a phonological estimator model based on discrete and abstract
distinctive features of height and place of the vowels against an acoustic
estimator model based on continuous physical landmarks (namely F1, F2, and
F2-F1) in the spectral window of the acoustic signal.

4. Results

The preliminary results revealed two distinctively induced subcomponents of
the N1 inside the auditory area of the cortex. The earlier subcomponent of N1
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(henceforth N1a) was observed to appear at latencies of around 113 to 149
milliseconds on both hemispheres after the onset of the stimulus, while the
heavily left-leaning later sub-component (N1b) started to appear only as late as
135 to 170 milliseconds. Employing two modeling approaches (one discrete
model based on binary and ternary distinctive phonetic features and another
continuous model based on acoustics formants of the stimuli) also suggested
that source coordinates of the neural responses corresponding to each type of
Persian vowels are strongly related to their acoustics and phonologic
properties.

5. Conclusion

The source location coordinates attested for Nla and NI1b could be
respectively attributed to the primary auditory cortex and superior temporal
gyrus. Other than different general source area and temporal properties of N1
subcomponents, they also showed very distinct correlation patterns in respect
to the acoustic and phonologic properties of the input. Thus, confirming that
they are realizations of distinct neural processes. Furthermore, we found out
that the phonological model was a better fit for the N1a data at every aspect,
which puts forth an argument for the Al being an epicenter of both sensory
and categorical analysis of the auditory stimuli.
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Table 1: Average (and standard deviation) of spectral properties of the stimuli used
in the experiment. Measurement unit: Hz.
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F2-F1 F3 F2 F1 FO S e
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464(£26) 2773(x16) 1066(*14) 692(+26) 143 (4]
2142(+40) 3149(+64) 2436(+42) 294(%5) 150 [i]
495(30) 2882(+73) 881(x37) 386(£23) 165 [u]
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Table 2: Average source location elicited per every vowel among all 15 subjects
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Figure 1: 3-dimensional spatial distribution of the source locations of the Persian
vowels on the cortex auditory.
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Table 3: Correlation of the lateral-medial parameter of the vowel source locations
and their acoustic features.

F1 F2 F2-F1
Pearson Correlation -0.710" 0.738" 0.824"

x-Nla
p-value (2-tailed) 0.000 0.000 0.000
Pearson Correlation -0.650" 0.158 0.272"

x-N1b
p-value (2-tailed) 0.000 0.136 0.009

t(88)=-) wid =8l cpdiy 5 ey laaSIy G (gola e ka3 NIb wihles 55 35 5058
59 N1b g Laie wlaiine 5 oL plis,) dadidi o (Sicwas Ll (0.753, p= 0453
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Table 4: Correlation of the anterior-posterior parameter of the vowel source
locations and their acoustic features

F1 F2 F2-F1
Pearson Correlation -0.787" -0.273" -0.096
y-Nla
Sig. (2-tailed) 0.000 0.009 0.366
Pearson Correlation -.864" 0.677" 0.789"
y-N1b
Sig. (2-tailed) 0.000 0.000 0.000
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Table 5: Correlation of the superior-inferior parameter of the vowel source locations
and their acoustic features

F1 F2 F2-F1
Pearson Correlation 0.707" 0.382" 0.215

z-Nla
p-value (2-tailed) 0.000 0.008 0.042
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9. primary auditory cortex (A1)

10. superior temporal gyrus (STG)
11. superior temporal sulcus (STS)
12. Phonological representations

13. Localization

14. magnetic-encephalography(MEG)
15. event-related potentials (ERP)

16. superior temporal plane

17. Salento Italian
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20. finite impulse response

21. baseline

22. Electrocardiogram

23. Independent Component Analysis

24. Equivalent Current Dipoles (ECD)

25. Auditory Evoked Potentials (AEP)

26. Residual variance

27. Talairach
28. Tukey’s post-hoc test
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