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Individual differences in autistic traits and variability in production patterns:

a case of affricates by young Seoul Korean speakers

Kang, Soyoung!) - Kong, Eun Jong? Seo, Misun3)

ABSTRACT

The current study explores whether speaker variability in the fronted articulations of Seoul Korean affricates can be

explained by cognitive differences measured by individual autistic traits. The goal was to explore Yu’s (2010; 2013) proposal

that individual differences in cognitive style can be an important factor in speakers’ use of sound variants. The spectral peak

frequencies (SPF) of affricates relative to those of fricatives, reported in Kong et al. (2014), were used to acoustically

represent the relative degree of anterior place of constriction. When these individual SPFs were related to the scores of
Autistic-Spectrum Quotients (Baron-Cohen et al., 2001), a correlation was found for the male speakers, but not for the female

speakers, such that speakers of more anterior affricate productions scored low in AQs. Discussion is made with respect to

how these findings are in line with Yu’s proposal.
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1. Introduction

Variability in speech sounds is considered indisputable and
sources for such variability may include linguistic environments
where the target sound occurs (i.e., context-induced change), or
language external factors such as language contact, gender, or
socio-economic class of the language user (e.g., Labov, 1990). It
has recently been suggested that in addition to these factors, the
language user’s internal characteristic such as cognitive
processing style may also add variability to the realization of
speech sounds (Yu, 2010; 2013, notably). Based on the idea that
individual language users may differ in their cognitive processing
style described in Ausburn and Ausburn (1978), Yu suggests that

these individual differences may have impact on processing of
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speech sounds. Particularly, he argues that some individuals with
a specific cognitive profile have a less tendency to consider
contextual effect in speech perception, which may lead them to
mis-parse the target segment and ultimately to start to produce
the new variant. Inspired by Yu’s hypothesis that a specific
cognitive characteristic may be responsible for the introduction
and subsequent use of a novel form of a given speech segment,
the current study investigates whether the emergence of the new
variant of affricates produced by young Seoul Korean, namely, a
more fronted articulation of Korean affricates, can also be
associated with the speakers’ cognitive ability and their
individual differences.

Cognitive styles and Autism-Spectrum Quotient: According to
Ausburn and Ausburn  (1978), cognitive style “refers to
psychological dimensions that represent consistencies in an
individual’s manner of acquisition and processing information”.
What has also been assumed is that differences in cognitive style
may result in differences in the way individuals process various
aspects of cognitive domain including language, thought,
perception or problem solving. Differences in this cognitive style

may make different people behave differently at the face of the
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same task because the way information is processed and the way
solutions to certain tasks are extracted may not be the same.

It has been suggested that the effects of individual differences
in cognitive processing style described above may be associated
with autistic spectrum as estimated in the Autism-Spectrum
Quotient test (AQ: Baron-Cohen et al., 2001). The AQ is a
short, self-administered survey with 50 questions, which assesses
five subscales, i.e., social skills, communication, attention to
detail, attention-switching, and imagination. The test is structured
in such a way that the higher an individual scores in the test,
the more autistic s’/he is. According to American Psychiatric
Association, symptoms of autism spectrum disorder may include
difficulty in using and understanding language, the tendency to
focus on a few topic areas, or general lack of social skills for
making friends or reading others’ facial expressions, to name a
few. Although the AQ test is a clinically tested screening tool
for identifying individuals with the autism spectrum condition, it
has been shown that autistic traits are found on a continuum
even for adults with normal intelligence; students in sciences
tend to mark higher AQ score, i.e., more autistic than those in
humanities or social sciences, and males are found to have more
autistic traits than females (Baron-Cohen et al., 2001). Although
autism is a pathological condition, these results from the AQ test
seem to give support to some stereo-typed portrayal of ‘mad
scientists’ in popular movies, who are often unsociable and
obsessed with details. Indeed, the winners of British mathematics
Olympiad scored significantly higher on the AQ test than normal
adults (Baron-Cohen et al., 2001).

What is interesting and relevant is the existence of association
between individual cognitive differences as estimated from the
AQ test and speech perception. Stewart and Ota (2008), for
example, found that groups of individuals with varying degree of
AQ showed differences in using lexical knowledge in the
recognition of words with an ambiguous segment (Ganong effect;
Ganong, 1980); for the target word that can be identified as kiss
vs. giss, individuals with higher AQ (more autistic) were less
influenced by the status of a lexical item in perceiving the
ambiguous target sound.

Similarly, Yu (2010; 2013) also found association between the
AQ scores and the degree of phonetic compensation in the
perception of an ambiguous sibilant, which can be classified as
/s/ or /f/. Phonetic compensation refers to the hearer’s ability to
factor out the contextual influence and to retrieve the target
sound intended by the speaker. For example, the same

ambiguous stimulus has been found to be identified differently in

two different vowel contexts (Mann & Repp, 1980; Mitterer,
2006). Listeners are found to perceive the ambiguous target as
/s/ more before /u/ than before /a/ because they take into account
the lowered noise frequencies in a rounded vowel like /u/. What
Yu (2010; 2013) found is that phonetic compensation is not only
correlated with the listener’s gender but also with the AQ scores;
females with lower AQ tend to do less compensation. This
would mean that female speakers with lower AQ might perceive
a target as /[u/ more often and even possibly start to produce it
as /Ju/ when others still perceive it as /su/.

This difference in the degree of compensation for phonetic
environment from the hearer’s part has relevance to Ohala’s
(1993) model of sound change, as well. Ohala’s model puts a
heavy emphasis on the hearer in the initiation of sound change.
Normally, the hearer is good at reconstructing a target sound
intended by the speaker even if it is affected by its conditioning
environment. However, in some cases on a certain time point,
some hearers may fail to correct and thus to reconstruct the
intended target sound of the speaker, possibly introducing a new
form and leading to sound change. Yu’s results further specify
Ohala’s hearer-based model of sound change by providing cues
on what type of hearers are less likely to correct contextual
effect. On top of this, Yu suggests that those same individuals
who do less compensation might also be responsible for the
subsequent spread of the novel forms in the speech community;
they are the ones with better social skills and communication
ability and have wider social contact, and therefore, their
utterances have a potential to obtain social significance (Labov,
1990, most notably). In sum, Yu’s proposal draws attention to
the possible association of the speaker’s cognitive profile with
the way an innovative form of a sound emerges in the speech
community.

Recent variants of Seoul Korean affricates can provide us
with a chance to explore Yu’s proposal above by examining a
link between the speakers’ cognitive differences and their use of
Korean affricate variants with more fronted place of articulation.
It is true that there has been disagreement concerning Korean
affricates’ place of articulation; some claim that Korean affricates
are alveolars (H-S Kim, 1997, 1999, 2001), while others claim
that they are palato-alveolars (C-W. Kim and S-C. Ahn, 1983;
W. Huh, 1964), alveo-palatals (Hume, 1990; Shin, 1998), or
palatals (Y-K. Kim-Renaud, 1974). Recent studies further
proposed a systematic relationship between the fronted
articulation and speakers’ age and gender (Anderson et al., 2004;
Kong et al., 2014). Kong et al. (2014) examined the productions
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of affricates by a 42 gender-balanced group of young Seoul
Korean adult speakers, acoustically estimating the constriction
locations of affricates relative to that of fricatives, which are
unarguably considered alveolar; the closer the acoustic values of
the affricates to those of the fricatives, the more fronted the
affricate articulation is. Findings showed that the tendency for a
more fronted articulation was stronger for female speakers than
for male speakers of Korean, although the pattern was limited to
word-medial lenis affricates before /a/. This finding was
interpreted in two different ways with respect to the systematic
speaker variations: first, this gender-differentiated pattern is a
social index such as gender marking, or alternatively this may be
a part of ongoing process of sound change led by female
speakers.

The current study aims to examine whether the use of fronted
variants of Seoul Korean affricates is related to individual
differences in cognitive style, measured by autistic traits, without
being committed to one (gender marking) or the other (sound
change) interpretation. According to Yu, hearers with low AQ
tend to show less compensation for phonetic context, resulting in
bigger inventories of variant sounds and the potential for
introducing a new form. We will attempt to see if this
relationship between speech perception and cognitive style may

be obtained in production as well using Korean affricates.

2. Experiments

2.1 Participants and task

21 male and 21 female speakers, aged between 20 and 27
participated in the production study and the written survey of
AQ questions. We recruited speakers of each gender from the
departments of engineering, business administration and liberal
arts considering the AQ differences among different academic
disciplines reported in Baron-Cohen et al. (2001). All of the
participants were Seoul Korean speakers with no hearing or
language problems.

The task for the participants was to read a list of words
written in the Korean orthography (Hangul) at their natural
speaking rate. The recordings were made in a quiet room with a
Marantz ~ digital recorder (PMD661) and a hand-held
unidirectional microphone (Shure SM81) at a 44,100 Hz
sampling rate and 16 bit quantization. The 42 speakers also
completed the 50 AQ survey questions (a Korean translated
version of Appendix 1 in Baron-Cohen et al., 2001) by choosing

one of four options as their response: (1) strongly agree, (2)

slightly agree, (3) slightly disagree, and (4) strongly disagree.
The example questions include “I prefer to do things with others
rather than on my own” and “I would rather go to a library than

a party.”

2.2 Materials

The word list contained the target consonants /X % X%/ and /
A/ word-medially followed by either /a/ or /i/ (Table 1).
These two vowel contexts were chosen to serve as the different
reference of the constriction locations; the fricatives before /i/ are
known to be palatalized whereas those before other vowels are
to be alveolar. The participants also read words that contained
word-initial affricates and fricatives, and stops with a three way

laryngeal contrast as filler items.

Table 1. a list of words with the word-medially elicited target
consonants before /i/ or /a/

word-medial affricates word-medial fricatives

/il BHA fpatgi/ “pants’ kAl /han.gi/‘one o’clock
AR Jsatgin/ “picture’ ZF /kangik/ “snack’
A /kimtc"i/ ‘pickled cabbage® @4 /nal.c’i/ ‘weather’
W] pan.te'ik/ “trick’ 2 /nal.g’in/ “slender’
A /kete’im/ ‘steamed crabs’
2H /paltg’i/ ‘bracelet’

fal  =A} /kukte’a/ “ladle’
B4 fMimtgan/ ‘team leader’
712} /K. tgha/ “train’
A#} fein. tg’a/ ‘real’
HHA /pan.tg’ak/ “twinkle’
W2 /pantean/ ‘side dish’

FAL /tousa/ “injection’
A fe'ek.s’ary “desk’
oA /ap’uls’a “‘oops’
AR fse.s’ak/ “bud’

2.3 Analysis

Acoustic analysis of spectrum peak frequency: The affricate
and fricative productions from the 42 speakers were acoustically
examined by analyzing the spectral characteristics of the frication
portion of the speech signal. The frequency at the spectral peak
(from 500Hz to 22050Hz) was automatically identified in Praat
from the power spectrum of 15ms analysis window to serve as
an acoustic indicator of the constriction location as previous
studies showed that it could reliably differentiate the fricative
categories with place differences (e.g., English /s/ vs. /[/ in
Jongman et al., 2000, Shadle, 1985, Holliday et al., 2010); a
higher spectral peak frequency is known to indicate a more
anterior place of articulation.

Measure of individuals’ relative frontedness of affricate

articulation: Using the acoustic measures, we made simple
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calculations of subtracting the spectral peak frequencies of
affricates before /a i/ from those of fricatives before /a i/. Each
individual’s averaged differences between affricates and fricatives
are used to indicate how differently each individual speaker
realized their affricates from fricatives in terms of the place of
articulation: Smaller differences (or negative values) would mean
that constriction locations of the affricates are close to those of
the fricatives and thus smaller differences imply that affricates
are produced anterior to those with greater differences of spectral
peak frequencies.

Measure of individual AQ: The responses collected from 42

“17

participants were scored by assigning either point or “0”
point faithful to the method employed in Baron-Cohen et al.
(2001). The 50 AQ questions are structured into two ways: a set
of questions where any degree of agreement indicates more
autistic nature and the other set of questions where any degree
of disagreement display less autistic nature. The one point was
given for the responses of “strongly agree” or “slightly agree”
for the agreement set of questions and also given for the
responses of “strongly disagree” or “slightly disagree” for the
disagreement set of questions. The score sum of the 50 questions
was used as an individual AQ values: The greater the value is,
the more autistic that individual is. There were 7 missing
responses in total. We filled in each of missing items with the
mean of the individual’s average across other items and the item

average across other subjects.

2.4 Results

<Figure 1> presents the averaged spectrum of frication portion
of the affricates and the fricatives. The patterns show that the
means of the spectral peak frequencies (solid lines) were more
distant between affricates and fricatives in males’ productions
than females’ productions before /a/ word-medially. Before /i/
where the alveolar fricatives are allophonically palatalized, the
means of the spectral peak frequencies were close between
fricatives and affricates in both genders. Note that the overall
higher frequencies in female speakers than in male speakers are
attributed to the anatomical differences between two genders. In
addition to this biological difference, the interaction between the
gender and the consonant manner (fricatives vs. affricates) was
found before /a/ vowel in the word-medial position (two right
panels in <Figure 1>). The mixed-effects model with an
interaction term (manner x gender) was compared with the
model without the interaction term, resulting in significantly

improved fit of the complex model (x = 12.014, df = 1, p <

0.001). This indicates that the affricate productions by female
speakers were made at more fronted place of constriction than

those by male speakers in this particular phonetic context.
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Figure 1. Averaged spectrum of affricates and fricatives in
word-medial position separated by post-consonant vowel
conditions (/i/ and /a/) and speaker’s gender. Vertical lines
represent the means (solid) and the standard deviations (dotted).
The amplitudes of the fricatives were plotted with 20dB down in
order to visualize them without overlapping with those of the
affricates.

These individuals’ wvalues of spectral peak frequency
differences before /a/ at word-medial position were regressed as
a function of their AQ scores (<Figure 2>). The distributions of
AQ scores were not significantly different between males and
females based on the t-test [t = 0.49, df = 38.719, p-value =
0.62]. It can be observed that there was no systematic linear
relationship between spectral peak frequency differences and AQ
scores for both male and female speakers’ word-medial
productions before /i/ (left panels in <Figure 2>). A simple
linear regression model confirmed that the slope was not
statistically significant [female model: B= -28.29, p = .52,
’=0.03; male model: p= 2021, p = .64, =-0.04]. Unlike the
patterns before /i/ vowel, there was a gender-related difference in
how consistently the spectral peak frequency differences before
/a/ vowels were regressed with the AQ scores. For female
speakers, the AQ scores did not reliably predict greater
differences of the spectral peak frequencies between fricatives
and affricates [p=4121, p = .6, ’=-0.037]. In contrast, for male
speakers, there was a systematic trend where smaller SPF
differences were associated with lower AQ scores (right panel).
This positive slope was statistically significant [ = 199.99, p =
042, r=16]. This result indicates that male speakers
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producing an innovative form (i.e., anterior articulation) of

affricates showed less autistic traits.
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Figure 2. Spectral peak frequency differences between fricatives
and affricates elicited word-medially as a function of AQ scores.
The panels were separated by speakers’ gender and
post-consonantal vowel contexts. Solid line indicates the
coefficient from a simple linear regression was significant at the
level of p < .05.

3. Discussion and conclusion

The current study examined whether the degree of an anterior
articulation in Korean affricates produced by young Seoul
speakers is related to individual cognitive differences as
measured by Autism-Spectrum Quotient (AQ). Our findings show
that the degree of frontedness as measured by SPF differences in
the frication portion between fricatives and affricates is highly
suggestive of correlation with AQ in the context where gender
difference exists, i.e., before /a/ in word-medial position. Male
speakers with lower AQ showed the smaller magnitude of the
SPF differences between fricatives and affricates, i.e., more
anterior articulation.

This finding seems to be compatible with Yu’s (2010, 2013)
hypothesis that individuals with certain cognitive profile i.e.,
those with lower AQ are more likely to adopt a newer form of
sound within the speech community with a potential of spreading
the new form in the future. Unlike the meaningful correlation
between male anterior production and AQ, no correlation was
found between anteriority of affricates and AQ in the female

production. The lack of correlation between anteriority in

female’s affricates and AQ seems to arise from the fact that
there is less variability in female speakers’ production compared
to male speech (standard deviation for females: 1297 Hz,
standard deviation for males: 1395 Hz) and the mean of
differences between affricates and fricatives is smaller in female
speech than in male speech, which implies that females’ affricate
production is already considerably fronted.

One thing to note is that although Yu’s idea has been
experimented mainly through perception studies, our data came
from production. It has been argued, however, that there is a
close link between speech perception and production. The
existence of this close link is supported by one of the main
ideas of the exemplar model (Johnson, 1997; Pierrchumbert,
2002) that the selected exemplar in production would be the one
that is most probable and nearest to the center of the distribution
of a target segment in language users’ remembered perceptual
space. Empirical data supporting this close relationship were
found in Beddor, Harnsberger and Lindemann (2002), and
Harrington, Kleber and Reubold (2008), among others. For
example, according to Harrington et al. (2008), young standard
Southern British English speakers aged between 18 and 20 had
the more fronted production of /u/ and also the fronted
perceptual boundary for the vowel /u/ on the /i-u/ continuum
than old speakers over the age of 50. Considering this close link
between perception and production, individual differences in
cognitive style measured by AQ can be a source for using an
innovative form not only in perception but also in production. Of
course, our findings in the production should be further
confirmed in perception studies for better understanding of the
relationship between cognitive styles as measured by AQ and the
use of the new form in Korean affricates. This is currently under
investigation by the authors.

Finally, we would like to be cautious in interpreting the
nature of the fronted articulation of the Seoul Korean affricates
over the question whether this gender-related pattern is a gender
marking or an example of sound change. Despite the ambiguous
nature of these phenomena, we found that there is a consistent
relationship with the speakers’ cognitive style. As Yu argued,
this might suggest that the cognitive aspect of individual
language users should be considered in accounting for the

phonetic variation.
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