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1. Introduction 

During the past several decades there have been a number of major advances in 
phonological theory.  Chomsky and Halle (1968) in SPE propose that features were 
grouped into unordered matrices.  However, Goldsmith (1976) in Autosegmental 
Phonology suggests that some features must be represented on a separate tier different 
from segments on a language-specific basis.  Clements (1985) in Feature Geometry 
further proposes that a universal structure assigns a constituent structure to a segment, 
with features grouping on class nodes in a hierarchical organization.  At the same 
time, most current researchers assume that some feature specifications are absent from 
underlying representations and are filled in either during derivations or at a later stage 
(e.g. Archangeli 1988, Mester & Ito 1989, Stemberger 1991, 1992).  Questions of 
underspecifications are then raised as to what feature specification is absent from 
underlying representation, and as to when it is filled in.  In the optimality theory, the 
constraint involving the place of articulation has also been intensified.  Based on the 
special status of coronal, Prince & Somlensky (1993) propose two sets of constraints 
in support of the coronal unmarkedness in Optimality Theory.  The first constraint is 
regarding the universal Harmony Scale where the feature [coronal] which is 
associated to the place node gets the optimal parse in the assimilation process; 
however, the other set of feature such as [labial] does not get completely parsed.  
The second constraint involves the dominance hierarchy, the constraint of which 
shows a more serious violation to parse labial than to parse coronal since the labial is 
a less well-formed place than the coronal.       

Recently it has attracted a lot of attention to look at such fields as neurobiology, 
lexical access, speech production, and speech perception for evidence regarding 
phonological theory.  Various models of theory have relied on external evidence to 
different degrees when making cognitive claims.  Therefore the current research 
aims to evaluate the following questions by looking at evidence drown from aphasic 
errors and performance errors (speech errors, also called ‘slips of the tongue’).  The 
issues to be looked at involve the following: (1) Is there any cross-linguistic 
(psycholinguistic and neurolinguistic) data in support of the cognitive validity of the 
special status of coronals?  (2) Specifically, do Mandarin data yield the same 
cross-linguistic findings? (3) In the aphasic errors and performance errors where the 
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error phenomena involve the interaction of coronals with other places of articulation, 
is there any biases, such that dentals tend to be interacted more often than any other 
places of articulation or such that dentals tend to be involved with higher rates of 
substitution errors?   

It has been long known that coronals are the most frequent consonants in 
languages, with the exception of Hawaiian (Maddieson, 1987:31).  Keating (1991) 
has proposed that coronals have special status because they include more contrasts of 
both place and manner than do other consonant classes.  Avery and Rice (1989) have 
suggested that in some languages coronals behave asymmetrically with respect to 
other consonants since coronals assimilate to other places of articulation while velars 
and labials do not.  They postulate that universal grammar provides a markedness 
theory which supplies information concerning which features are underspecified.  
Furthermore, Stemberger & Stoel-Gammon (1991) and Stemberger (1991, 1992) have 
found that actual speakers of English use underspecified representations on-line 
during language production and perception.  Such studies have provided both 
internal and external evidence to show that coronals take part in phonological patterns 
that are different from those of other places of articulation.  

Recently, there have been more and more linguistic studies working on the 
phonological issues by looking at external evidence.  Proposal from phonological 
experiment lead Wang (2000) to suggest that the external evidence can reveal 
phonological structure posited by different linguistic theory, and also reflect how the 
linguistic knowledge of phonological rules is stored, represented and processed in 
speakers mind.  Applying the aphasic errors and performance errors to the above 
structural and psycholinguistic issues in Mandarin which are currently under debate 
will allow a more adequate assessment of the cognitive validity of existing analyses 
and should result in a more revised and empirically supported account. 

The purpose of this paper is to present both evidence on performance errors and 
aphasic errors regarding the psychological reality of the underspecification of 
([+anterior]) coronals in Mandarin.  This paper is organized as follows.  In the 
following section I will present a detailed literature review on performance errors and 
aphasic studies.  In section three I will present a detailed account of the methodology 
for the collection and analysis of the slips of the tongue data.  In the section four I 
will present the findings regarding the consonant phone substitutions in Mandarin 
performance errors as well as aphasic errors.  Section five summaries the study, 
discussing in detail the phonological analysis supported by this study. 
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2. Literature review    
2.1 Performance errors 

Studies of slips of the tongue that have been conducted over the past several 
decades have used the patterns and constraints observed in extensive collections of 
errors to argue for the validity of phonological units as processing units, and for 
particular phonological theories or cognitive processing models (Fromkin 1973, 
Stemberger 1983, Dell 1984, Shattuck-Hufnagel 1986, Levelt 1989, Bock & Levelt 
1994).  There has been much work which has attempted to determine the 
psychological validity of various linguistic claims ranging from the existence of 
certain units to the existence of particular rules.  Such studies have provided 
evidence for the cognitive reality of such phonological phenomena as features, 
phonemes (both segment-sized units and allophones), productive phonological and 
morphological processes, and syllables.  However, the majority of research into slips 
of the tongue has been done on English and related languages.  Although a few 
studies involving slips of the tongue in Mandarin have been done recently, questions 
regarding current phonological theories have not been assessed with such a method 
(see Chen 1999, Wan 1997, 1999, 2000, 2001, 2002, Wan & Jaeger 1998).   
 
2.2 Aphasic errors 
 The aphasia under this study refers to a speech disturbance following a brain 
damage.  Since the produced phonetic forms from aphasic patients are different in 
the normal production, it is important to see how the usual phonetic forms get 
transformed or substituted when the brain gets damage and loses some linguistic 
functions.  Under this study, all of the subjects involved a case of either Broca’s or 
Wernicke’s aphasia.  The difference between these two syndromes is that the 
qualitative reduction of the Broca’s patients show obvious speech patterns: slow, 
labored, and pauses between syllables, and they don’t have comprehension problems.  
However, Wernicke’s subjects show another different speech pattern, the 
characteristics of which are agrammatic, jargonaphasia with the exception of phonetic 
transformations, poor repetition and a disturbance of comprehension ability.   
 
3. Methodology 
 The current study is based on 4800 slips of the tongue selected from the 
corpus collected by the author, from which a subset of 1733 errors was selected for 
relevance to issues of interest in this paper.  These errors were collected between 
1995 and 1998 in naturalistic settings from native speakers of Taiwan Mandarin.  
There were approximately twenty subjects who contributed data.  Most errors were 
gathered from tape-recorded free conversations.  After each conversation, the 
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subjects were informed that the conversation had been recorded, and permission was 
obtained to use their data.  However, when slips occurred in situations where 
speakers were not being recorded, the errors were immediately written in a notebook; 
for each error I recorded the complete utterance including self-corrections, and 
relevant contextual information; portions were written in phonetic transcription.  
Subjects ranged from monolingual to trilingual; all but one spoke Mandarin as their 
first language, with English and Taiwanese as their other language(s).  However, all 
the errors were collected when the speakers were conversing in Mandarin; only 
twelve errors in the corpus, which are not discussed in this paper, show a bilingual 
influence.  Therefore we take the majority of these errors to accurately reflect the 
processing involved in speaking Mandarin.  

The second phase of this research involved aphasic errors collection.  All the 
aphasic subjects involved in this study are adults, and the whole data collections are 
done in National Taiwan University Hospital.  A number of groups of aphasic 
speakers participated in this study.  They were asked to do a reading task, followed 
by a naming task, and the interviewer would ask them some questions which include a 
variety of topics from the weather, job, family members, etc.  The whole procedure 
lasted for about an hour.   

All subjects are male and predominantly right-handed, with no sinistral family 
members through patient records and subject and family interview.  The patient 
group comprises 2 Broca’s aphasics and 1 Wernicke’s aphasics, who exhibit 
prototypical speech patterns of Broca’s and Wernicke’s aphasia, respectively.  All 
aphasic patients suffer unilateral left-hemisphere damage subsequent to cerebral 
vascular disease or brain trauma, and have neither auditory nor visual problems.  
These patients had a good command of Mandarin, and those who display marked 
attributes of other dialects are excluded from the data base.    
  
4. FINDINGS 
4.1 Coronals in consonant substitution speech errors 

The analysis by examining the behavior of coronals in the slips of the tongue 
data will first be looked at.  In Mandarin, the error phenomena involve the 
interaction of coronals with other places of articulation.  In looking at each set of 
place of articulation, the following question will be asked, based on data from 
syntagmatic phonological errors:   
1.   In the initial single consonant substitution errors in which a single target unit of 

a consonant is deleted and replaced by the source unit at the same place of 
articulation, which target and source unit that has the same place of articulation 
will be involved with high rates of substitution errors?  
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2.   When one consonant phone is substituted for another, which place of 
articulation will be replaced more frequently than the others?   .   

It should be noted here that in all of the examples, the following format is 
followed.  In the row headed by ‘I’, the intended Mandarin utterance is given in IPA 
with the English glosses below; tones are given in tone numbers after the segments as 
follows: Tone 1 = 55, Tone 2 = 35, Tone 3 = 21, Tone 4 = 51.  Then in the row 
headed by ‘E’, the error utterance is given.  Under the error utterance is a translation 
of the intended utterance, followed either by a translation of the error utterance (after 
the arrow), or the word ‘meaningless’, indicating that the error production resulted in 
a meaningless (either ungrammatical or uninterpretable) utterance.  In the intended 
and error utterances, the ‘source’ unit(s) of the error (that is, the units which caused 
the error) are in boldface; the ‘target’ unit(s) (that is, the units planned for the intended 
utterance which were produced erroneously in the error) are underlined; and the actual 
‘error’ (the elements spoken erroneously) are both boldfaced and underlined.    

In the corpus used for the present study, there are 1733 involving the errors in 
which both target and source units share the same place of articulation.  433 cases 
show that both target and source units involve bilabials; 676 errors show that both 
target and source units involve dentals; 416 errors show that both target and source 
units are palatals; only 208 errors show that both target and source units include 
velars.    
 The following table summarizes the number of consonant substitution errors in 
which both target and source units share the same place of articulation.   
Table (1) 

 N  Total 
N=375 

Bilabial  Bilabial 
Dental  Dental 
Palatal  Palatal 
Velar  Velar 

433 
676 
416 
208 

25% 
39% 
24% 
12% 

 
Consonant substitution errors involving coronal place of articulation far outnumber 
other places of articulation.  It shows that there is a statistically significant difference 
in the number of times dentals are interacted as compared to other places of 
articulation (including marked coronals) and that dentals tend to be involved with 
high rates of substitution errors.   
   
 
 
Table (2)     
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Substitution N Substitution N P 
Dental  Bilabial 
Dental  Palatal 
Dental  Velar 
Dental  Retroflex 
 
Bilabial  Palatal 
Bilabial  Velar 
 
Velar  Palatal 

90 
30 
125 
40 
 
0 
30 
 
0 

Bilabial  Dental 
Palatal  Dental 
Velar  Dental 
Retroflex  Dental 
 
Palatal  Bilabial 
Velar  Bilabial 
 
Palatal  Velar 

50 
15 
35 
35 
 
3 
25 
 
3 

0.02 (<0.05) 
0.01 (<0.05) 
0.00 (<0.05) 
n.s. 
 
n.s. 
n.s. 
 
n.s. 

 
The observed statistic differences presented here are in favor of the predicted 
asymmetries between dentals and other places of articulation, but no bias exists 
between labials and velars.  This suggests a special status for ([+anterior]) coronals 
since they show a bias for replacement by other places of articulation.  The 
difference is as predicted by underspecification, and is also confirmed by the findings 
shown in the research involving slips of the tongue in English.    
 The findings of this aspects of the research are summarized as follows:   
(1) When a single target unit of a consonant is replaced by the source unit at the same 
place of articulation, 39% of the errors show that a dental sound is replaced by 
another dental sound; 25% of the errors show that a bilabial sound is replaced by 
another bilabial sound; 24% of the errors show that a palatal sound is replaced by 
another palatal sound; and merely 12% of the errors show that a velar sound is 
replaced by another velar sound.  This suggests that the unmarked coronals (the 
dental sounds) tend to be involved with high rates of substitution errors. 
(2) When a single target unit of consonant is replaced by another source unit at a 
different place of articulation, there is an asymmetrical behavior between the dentals 
and other places of articulation.  Dentals show a great deal of statistically significant 
difference to be replaced by other places of articulation, but there is no bias between 
labials or velars, suggesting the underspecified value of ([+anterior]) coronals in the 
phonological system. 
 
3.2 Coronals in aphasic errors 
 Table 3 shows cases where when the patient has a problem producing one sound 
from a place of articulation, and sounds from another place of articulation will come 
to substitute.    
 
Table (3) 
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Substitution N Substitution N P 
Dental  Bilabial 
Dental  Palatal 
Dental  Velar 
Dental  Retroflex 
 
Bilabial  Palatal 
Bilabial  Velar 
 
Velar  Palatal 

51 
30 
78 
 0 
 
0 
1 
 
0 

Bilabial  Dental 
Palatal  Dental 
Velar  Dental 
Retroflex  Dental 
 
Palatal  Bilabial 
Velar  Bilabial 
 
Palatal  Velar 

29 
15 
22 
8 
 
3 
2 
 
3 

0.03 (<0.05) 
0.02 (<0.05) 
0.00 (<0.05) 
n.s. 
 
n.s. 
n.s. 
 
n.s. 

 The statistic analysis presented shows that there is an asymmetrical structure 
between dentals and other places of articulation, and there is no bias between labials 
and velars.  This suggests that a special status for [+anterior] coronals shows a 
built-in device in the speech production.  This bias is as predicted by 
underspecification model and is also confirmed by the findings shown in the research 
involving aphasic speech in Mandarin.     
4. Summary 
 The findings of this aspect of the research as summarized as follows.  First, in 
slips of the tongue, a single target unit of a consonant is likely to be replaced by the 
source unit at the same place of articulation, and among the substitution errors, 
dentals way much outnumber the other places of articulation.  Second, when a single 
target unit of consonant is replaced by another source unit at a different place of 
articulation, an asymmetrical behavior exists between the dentals and other places of 
articulation.  Finally, in aphasic speech, dentals show a great deal of statistically 
significant difference to be replaced by other places of articulation, but there is no 
bias between labials or velars, suggesting that there should be a built-in device for the 
underspecified value of [+anterior] coronals in the phonological system during the 
speech processing.   


