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e To understand aspects of the lexical retrieval system, we look into the errors
created by the system from when it fails to retrieve the correct intended word.

e To increase the ecological validity of the findings, we examined misperceptions
in both naturalistic and experimental settings.

e In this study, we systematically examined two naturalistic datasets collected
in the “wild” (of conversational speech as well as sung speech) and one mega
experimental dataset (of single-word lab speech).

e We examined the token frequency relationship between the intended word and
the perceived word.

Word Confusion Data

e Conversational: 2,072 word confusion pairs

— 1,231 monosyllabic words and 841 polysyllabic words
e Mondegreen: 9,609 word confusion pairs

— 6,569 monosyllabic words and 3,040 polysyllabic words
e Experimental: 13,302 word confusion pairs

— 5,385 monosyllabic words and 7,917 polysyllabic words

(Filtered pairs with function words, proper names, or different number of sylla-
bles.)

HYPOTHESES AND PREDICTIONS
Hypothesis 1 — Correlational

e When the intended word cannot be retrieved, listeners can

select a word that 1a) does or 1b) does not correlate with the intended word.
In a small experiment testing 144 words, Pollack, Rubenstein, and Decker
(1960) analysed word frequency of the intended words and the perceived
words and they did not find a significant correlation.

In a larger experiment testing 1,428 words, Felty et al. (2013) found a positive
correlation which is significant at a moderate level (R = 0.154, df = 21,842, p <
0.0001) between the intended and perceived words.

METHODS

Extractions of Word Confusions

e The misperceptions in the Conversational and Misperception corpora are of a
sentence-level. Therefore, word confusions were extracted by relying on the
mismatches between the phonetic transcription of the intended sentence and
the perceived sentence.

The phonetic alignments were achieved using a modified version (Tang, 2015)
of a PMI (Pointwise Mutual Information) based Levenshtein distance method
(Wieling and Nerbonne, 2011).

CONCLUSIONS AND IMPLICATIONS

e Our frequency findings are stable against potential confounds such as
monosyllabicity and the amount of word-level segmental differences.

e Our results suggest that listeners are sensitive to their experience and expec-
tation of their phonetic and lexical knowledge during speech perception.

e Firstly, when contextual information (say, word duration) is available, lis-
teners utilise them (as suggested by correlational findings in naturalistic
data, and the lack of correlations in the experimental data).

e Secondly, listeners use their expectation of the frequency distribution of
their lexicons. This is suggested by how the experimental data show that
the listeners simply select high frequency words as the perceived words,
since it is the best strategy in face of uncertainty due to signal degradation.

DATA AVAILABILITY

The conversational data used in this paper were extracted from the Slips of the
EAR (SEAR) Project (www.searproject.org). It contains ~ 5000 instances of
speech perception error of English collected in everyday settings. The archive
provides an interactive exploration interface.
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Corpus of Conversational Misperceptions

e A recently compiled corpus of naturalistic misperceptions in conversational
speech by Tang (2015, Chapter 2).

e Consists of ~ 5,000 misperception instances reported by individuals from six
existing naturalistic speech misperception corpora of English

Corpus of Mondegreen Misperceptions (Misheard lyrics)

o KissThisGuy.com - The Archive of Misheard Song Lyrics
e Consists of instances of misheard lyrics reported by individuals
e 21,329 instances were extracted.

Corpus of Experimental Misperceptions

e A corpus of single word misperception (Felty et al., 2013)

o Tested 1428 words randomly sampled from the entire American English lexi-
con.

e The stimuli were masked with six-talker babbles at three signal to noise ratios
(0, 5, 10dB), and were presented to 192 young, normal-hearing listeners in an
open-set spoken word recognition task.

e 30,058 word misperception pairs were extracted.

Hypothesis 2 — Frequency Differences

e When the intended word cannot be retrieved, listeners can
select a word that are 2a) more frequent, 2b) less frequent or 2c) neither more
or less frequent than the intended word.
Vitevitch (2002), Bond (1999, p. 103) and Cutler and Butterfield (1992) exam-
ined a small sample (75 — 165) of naturalistic misperceptions. The differences
between frequency of the intended and the perceived words were not signifi-
cant.
However, with experimental misperceptions, Felty et al. (2013) found that the
perceived words have a higher frequency than their intended words.

Analyses

e To evaluate the stability of the results beyond the amount of segmental differ-
ences and monosyllabicity, the data were divided by 10 word-level Levenshtein
distance bins as well as monosyllabicity.

e Hypothesis 1: [Top-right] Correlational analyses

e Hypothesis 2: [Middle-right] T-test analyses of frequency ditferences

e Hypothesis 2: [Bottom-right] To understand the discrepancy with the Monde-
green T-test results, the frequency distribution and vocabulary size were anal-
ysed for lyrics and everyday speech.

Furthermore, this is highlighted by the paradoxical result from the Monde-
green data of how listeners consistently underestimate the frequency of the
intended words.

e Our work challenges research on single-word perception (Cooke, 2009; T6th
et al., 2015), especially on the mechanisms of lexical retrieval.

e [tis clear the mechanisms of lexical retrieval function differently depending
on the amount of contextual information provided.

e Contemporary models of lexical retrieval such as Shortlist and TRACE need
to be able to account for these patterns of mis-retrieval.

e [t further highlights the need for conducting misperception research beyond
the word-level as well as the importance of ecological validity.

CAVEATS AND FURTHER DIRECTIONS

e The frequency distribution of lyrics could be genre-dependent.

e Mondegreen instances might be more humourous than conversational in-
stances, therefore they contain less frequent words.

o Will experimental sentence misperceptions be similar to naturalistic ones?
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IS THERE A CORRELATION BETWEEN THE FREQUENCIES OF THE PERCEIVED WORD AND THE INTENDED WORD?

Conversational

Conversational Word Frequency Correlation
by Word-level Levenshtein Distance (0 to 1) and Monosyllabicity
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Mondegreen

Mondegreen Word Frequency Correlation
by Word-level Levenshtein Distance (0 to 1) and Monosyllabicity
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The figures show the correlation
between the token frequency of the in-
tended word (x-axis) and that of the
perceived word (y-axis) for each word-
level Levenshtein distance bin and for
monosyllabic words and polysyllabic
words separately. Red: monosyllabic
words. Blue: polysyllabic words.

Summary of the Correlations

Experimental

Experimental Word Frequency Correlation
by Word-level Levenshtein Distance (0 to 1) and Monosyllabicity
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IS THE FREQUENCY OF THE PERCEIVED WORD HIGHER/LOWER THAN OR THE SAME AS THE INTENDED WORD?

Conversational
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Mondegreen
Freq-Perceived < FT@Q-Intended
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FREQUENCY EXPECTATION OF LYRICS AND EVERYDAY SPEECH

More high frequency words in Lyrics

Frequency Distribution
Conversational vs. Mondegreen
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DISCUSSION

Conversational vs. Mondegreen

e Naturalistic Mondegreen data exhibited a correlation between the intended
word and the perceived word, but the paired T-tests showed that the perceived
word is less frequent than the intended word.

e Hearers selected a word that is correlated with the intended word, which
means the hearers are estimating the intended words using contextual infor-
mation, but they consistently select a similar but less frequent word.

e This paradoxical result was addressed by the fact that there tends to be more
frequent words in lyrics than in everyday speech, therefore the intended word
would tend to be a more frequent word than expected on the basis of the fre-
quency distribution of everyday speech.

e This fact is explicable by the fact that the vocabulary size is smaller for lyrics
than for everyday speech, and this would explain the over sampling of high
frequency words because there are simply fewer words (specifically low fre-
quency words) to sample from.

e Assuming that hearers keep track of the frequency distribution of everyday
speech and not of lyrics (at least less so), the result is that they would underes-
timate the frequency of the intended word.

Growth Curve of Type/Token Ratio
by Monosyllabicity

Sample Size

Vocabulary Size is smaller in Lyrics e In the Mondegreen data, hearers would perceive a

less frequent word than the intended word

e The intended sentences of the Mondegreen data
were used as a sample of lyrics (117,326 tokens),
while subtitle texts were used as a sample of ev-
eryday speech (353 mil. tokens).

Polysyllabic

e Skewness Frequency distributions of 40,000 word
random samples suggest that lyrics contains more
Lovicon high frequency words than everyday speech.
—j— e Vocab Size Growth curve analyses (Baayen, 2001)
with 15,000 word random samples showed that the
vocabulary size (type/token ratio) is consistently
smaller for lyrics than for everyday speech.

5000 10000 15000

Conversational vs. Experimental

e Conversational naturalistic data exhibited a correlation between the intended
word and the perceived word and the paired T-tests showed that the perceived
word is neither more or less frequent than the intended word.

e Experimental data exhibited no correlation and the perceived word tends to be
more frequent.

e We attributed this to a graceful degradation account of lexical retrieval. Grace-
ful degradation is the ability of a processing system to not break down in a
catastrophic way when the input is incomplete, but to output a representation
that best matches the input (McClelland, Rumelhart, and Hinton, 1986). In the
context of misperception, the perceptual system uses the information in the
degraded signal to retrieve a lexical item (Vitevitch, 2002). Naturalistic conver-
sational data are rich in context, such as relative word duration, and syntactic,
pragmatic and semantic information.

e High frequency words tend to be produced more quickly than low frequency
words which tend to be produced more slowly (Wright, 1979). If listeners ac-
cess a word with the same approximate duration as the intended word, they
are likely to access a word with the same approximate frequency.

e In the experimental data, the words were presented in isolation, without rela-
tive word durational information or other contextual cues. Therefore, the hear-
ers selected the most likely candidates in terms of the frequency distribution.




