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�
Note on transcription system used in this document:





This document was originally produced on a PowerMac using two fonts for phonetic symbols, IPA and SILDoulosIPA-Regular, which you may or may not have. I have decided to using the following transcription conventions for broader distribution via my web page:





1. Capital letters denote retroflex consonants


2. [ng] for the velar nasal


3. [n+] for the interdental nasal


4. [n'] for the dental nasal





If you have any questions, feel free to email me at jharns@umich.edu





-Jimmy Harnsberger


�
Introduction





Predictions based on the Perceptual Assimilation Model (PAM) (Best 1995) concerning the perception of non-native contrasts rely primarily on three factors:





•the contrast in question


•the inventory of native categories


•the degree of gestural similarity between contrast and categories





The purpose of this study is to determine if these factors are sufficient for predicting listeners' perceptual performance by presenting a set of non-native contrasts to two subject groups whose different L1s share a common set of relevant native phones.





The study used non-native nasal consonants varying in four places of articulation:


•	bilabial


•	interdental/dental


•	alveolar


•	retroflex





from three languages: 


•	Malayalam (Dravidian; spoken in southwestern India)


•	Marathi (Indo-Aryan; spoken in west-central India)


•	Oriya (Indo-Aryan; spoken in eastern India)





Nasal consonants have been found to be relatively confusable as a consonant set (Mohr and Wang 1968; Hura, Lindblom, and Diehl 1992), and many non-native place of articulation contrasts have proven to be relatively difficult for non-native listeners (Werker, Gilbert, Humphrey, and Tees 1981). The stimuli added since the pilot were identified successfully by speakers of Malayalam (3 speakers), Marathi (3), and Oriya (1).





In a pilot study, the nasal contrasts, appearing in four syllable positions (CV, VCV, VCCV, VC) and three vowel contexts ([i], [a], [u]), were presented to two groups of listeners, Bengali and American English (AE), in a categorical AX discrimination test with a 1.5 ISI and an identification test in which, in addition to circling native characters, two other response optionswere available: to self-transcribe, and not to categorize. Bengali and AE share a common set of nasal consonants, but differ phonetically in other ways that may or may not affect perceptual performance, such as the use of other places of articulation in Bengali oral stops (see Tables 1 and 2).








	Bil	Ind	Den	Alv	Rtr	Pal	Vel


CV	ph			th			kh


	b			d			g


	m			n				


VCV p			t/flap		k


	b			d/flap		g


	m			n			ng	


VC	p			t			k


	m			n			ng	





Table 1: Oral and nasal stop inventory for AE. The phones are arranged in columns corresponding to place of articulation and in rows corresponding to syllable type. Note: Bil=Bilabial, Ind=Interdental, Den=Dental, Alv=alveolar, Rtr=Retroflex








		Bil		Den	Alv	Rtr	Pal	Vel


CV		p		t		T		k


		ph		th		Th		kh


		b		d		D		g


		bh		dh		Dh		gh


		m			n				


VCV		p		t		T		k


		ph		th		Th		kh


		b		d		D		g


		bh		dh		Dh		gh


		m			n			ng	


VCCV		p		t		T		k


		ph		th		Th		kh


		b		d		D		g


		bh		dh		Dh		gh


		m			n				


VC		p		t		T		k


		ph		th		Th		kh


		b		d		D		g


		bh		dh		Dh		gh


		m			n			ng	





Table 2: Oral and nasal stop inventory for Bengali


�
Predictions





If the three central factors of PAM are sufficient, then discrimination performance and systematic identification patterns should be extremely similar for both listener groups.





If discrimination performance and identification patterns vary for some or all of the non-native contrasts, then other factors may be cited to account for the results, depending on the result in question, including:


•feature productivity, defined as concerns the degree to which listeners are sensitive to individual features (gestural or acoustic) that compose native categories. A feature that is used quite productively in a set of native contrasts may be detectable and useful in perception where it appears in a non-native contrast. Similar to nonspecific phonetic experience in Polka (1992).


•language-specific perceptual category boundaries (Rochet 1991).


•perceptual compensation for language-specific coarticulation patterns.





�
Pilot Results





Identification results not be predicted by PAM:


•	Bengali and AE listeners differed in their labeling of the interdental nasal [n+], with AE listeners at times providing their own transcriptions, or labels. The AE listeners' recourse to other labels may indicate a greater sensitivity to non-native place distinctions relative to the Bengalis, or it could simply reflect a greater willingness on their part to use that testing option.





		Bengali		AE		


Ind [a]	/m/			/m/*	


Ind [i,u]	/n/**		varied***	





Table 3: Cross-language differences in identification





*Other AE listeners responses: "nm", rarely /ng/.


**Two Bengali listeners chose not to categorize some of these stimuli.


***AE listeners responses: /m/, /n/, /ng/, "nm", "nl".





�
Discrimination results not be predicted by PAM:





�





Figure 1: Cross-language differences in contrasts of interest. The scores represent the proportion of correct responses to "different" trials, averaged across all speakers of each subject group. Note that bracketed vowels following the contrast type refer to a particular vowel context used.





These cross-language differences were present in the d' conversion of the mean percent correct scores on "same" and "different" trials, a calculation which factors out response bias in tests measuring a listener's sensitivity to stimuli differences (Kaplan, Macmillan, and Creelman 1978). 





�





Figure 2: Figure 1 scores, converted to d'.





�
Pilot Discussion





Looking at both the mean percent correct and d' scores, one can find differences in discrimination performance and identification patterns that would not be predicted by PAM's three general factors. Recall that Bengali and AE were chosen because both have nearly identical nasal systems but Bengali listeners possess other productive features, such as dental and retroflex places. Those features, if anything, may have inhibited performance given, for instance, the Bengalis' poor performance on the dental-retroflex contrast ([n']-[N]) scores (see Polka 1992 for a similar result). Feature productivity as inhibitive could be the product of language-specific experience with coarticulation. Bengali listeners, though lacking dental /n/ or retroflex /N/ phonemes, nevertheless frequently encounter [n'] and [N] homorganic to a following dental [t], [T], [d], [D], [th], [Th], [dh], and [Dh]. Bengali listeners have to factor out the dental and retroflex place cues to reliably identify occurrences of /n/. AE listeners, whose language lacks the same variety of dental and retroflex consonants phonemically, encounter [n'] and [N] much less frequently, and thus AE listeners' perceptual abilities may be less susceptible to influence by the mechanism which normalizes for coarticulatory variation.





Given the differences observed in the pilot study between the two subject groups, a larger experiment was designed to confirm these patterns using a greater number of stimuli and subjects.


�
Methodological Changes (for Main Exp.)





•	Discrimination Test: In order to allow testing time for an increased number of stimuli and repetitions for each contrast, an AXB format with an 1s ISI was used, as in a number of other studies (MacKain, Best, and Strange 1981; Best, McRoberts, and Sithole 1988; Best 1994).





•	Identification Test: The self-transcription option was replaced by category-goodness judgments on a five-point scale to collect more detailed information on the degree of similarity between the non-native contrasts and native categories (Strange, Bohn, Trent, McNair, and Bielec 1996; Polka 1995).





•	Stimulus materials: The stimuli set was augmented by tokens from an additional speaker of each language, and by another set of exemplars from all talkers. Table 4 lists the contrasts and their source languages, appearing in one or two vocalic contexts, [a] and [i], and in various syllable positions.


�
Main Experiment Methodology





•	Stimulus materials: 72 bilabial, interdental/dental, alveolar, and retroflex nasals in VCV, VCCV, and VC positions with V = [a], or [i] produced by speakers of Malayalam (2), Marathi (2) and Oriya (2). Table 4 details the set of stimuli and their source languages.





		Bil		Ind		Den		Alv		Rtr


VCV								Mal		Mal


						Mar				Mar


								Ory		Ory


VCCV 		Mal		Mal*		Mal*		Mal		Mal


						Mar				Mar


VC						Mar				Mar





Table 4: Stimuli and their source languages. Note: Mal=Malayalam; Mar=Marathi; Ory=Oriya. Bold languages indicate that the contrast appeared in [i] as well as [a] contexts.





*One Malaylam talker produced interdental nasals, the other produced dental nasals for the same nasal phoneme in Malayalam. See Ladefoged and Maddieson (1996) p. X for a similar report of variation in production.





The stimuli added since the pilot were successfully identified by speakers of Malayalam (3), Marathi (2), and Oriya (1).





�
•	Subjects and Recording Conditions: 16 speakers of Bengali (Calcutta, India), tested in a private recording studio in Calcutta, and 8 speakers of AE (southeastern Michigan, USA), tested in a sound-attenuated room at the University of Michigan.





•	Test 1: categorical AXB discrimination consisting of a familiarization and 544 trials, with a 1s interstimulus interval (ISI), 3s intertrial interval (ITI), and a 6s interblock interval (IBI).





•	Test 2: identification consisting of two repetitions of 72 trials, with a 3s ITI, 6s IBI, plus category-goodness ratings on a five point scale.





�
Results: AXB





Tables 5 and 6 give the discrimination results by contrast, averaged across subjects, vocalic contexts, syllable positions, source language, and talkers. In the cases involving the interdental nasal, results are listed by contrast with vocalic context.


�
Results: ID





Table 8 gives the typical labeling choices and mean category goodness ratings for each nasal consonant, averaged across subjects, vocalic contexts, syllable positions, source language, and talkers.





		Bengali			AE


		Label		C.G.		Label		C.G.


Bil		/m/		5		/m/		4.1


Ind [a]	/m/		4.8		/m/*		3.1


Ind [i]	/n/**	4.7		/n/***	3.1


Den		/n/		4.6		/n/		3.5


Alv		/n/		4.4		/n/		3.4


Rtr		/n/****	3.8		/n/		3.2





Table 7: Identification test results, with mean category goodness ratings. Where the typical labeling choice constituted less than 90% of total choices, the alternatives are listed in footnotes.





*25% of responses were /n/, 6% /ng/ rather than /m/.


**14% of responses were /m/ rather than /n/.


***19% of responses were /m/, 12.5% /ng/ rather than /n/.


****13% of responses were /ng/ rather than /n/.





�
Main Exp. Discussion





Cross-language differences: The only robust cross-language differences between the two subject groups involved the labeling of the interdental nasal [n+] and the discrimination of the contrasts it appeared in. [n+] for both groups was an intermediate phone between /m/ and /n/. In the [a] context, it was generally judged as /m/ by both groups, though 3/8 of the AE subjects and 1/16 Bengalis chose /n/ or /ng/. AE subjects also gave [n+] a lower rating as an /m/ exemplar, though across all contrasts AE subjects gave consistently lower ratings. In the [i] context, [n+] was generally judged an /n/, though again, AE subjects were more likely to label it /m/ or /ng/ than the Bengalis. 





Explanation: One possible conclusion is that AE listeners were more sensitive to the phonetic differences between [n+] and its nearest nasal consonants. If this is the case, then the discrimination scores for interdental contrasts follow nicely from the identification patterns. In an [i] context, AE subjects should be better at discriminating [n+] from alveolar [n] and retroflex [N], and worse at discriminating [n+] from [m] given the fact that [n+] in an [i] context is more bilabial for them. In an [a] context, the reverse should be true. Table 8 lists the subject group whose discrimination performance is expected to be superior given this identification pattern, followed by the actual mean percent correct on the discrimination test.





		Expected		Bengali	AE


Bil-Ind [a]	AE			81%		95%


Bil-Ind [i]	Bengali		98%		89%


Ind-Alv [a]	Bengali		99%		99%


Ind-Alv [i]	AE			80%		89%


Ind-Rtr [a]	Bengali		95%		86%


Ind-Rtr [i]	AE			56%		79%





Table 8: Expected discrimination performance based on identification patterns vs. actual performance





The only contrast which did not correspond to the identification pattern was interdental-alveolar ([n+]-[n]) in the [a] context, for which both subject groups displayed ceiling-level performance. A difference between the two groups may have emerged under experimental conditions less favorable to the listener, such as a longer ISI. For instance, discrimination performance (measured in mean percent correct) was higher in the main experiment relative to the pilot for such contrasts as bilabial-dental ([m]-[n+]) in [a] context, interdental-alveolar ([n+]-[n']) in [a] context, dental-retroflex ([n']-[N]), and alveolar-retroflex ([n]-[N]).





The cross-language difference in the perception of the interdental nasal in the main experiment is consistent with the pilot study results, and the explanation for the difference may lie in feature productivity: given Bengali listeners' experience with dental consonants, an ambiguous consonant between the /m/ and /n/ categories is more likely to be perceived as a phone produced by the tongue tip. In contrast, the same perceptual space for AE listeners is less committed to or influenced by neighboring categories given their lesser experience with stops produced forward of the alveolar ridge, allowing for greater sensitivity to stimuli differences.





�
Crosslanguage similarities: strong similarities among both subject groups in discrimination performance were also observed for three relatively difficult contrasts, dental-alveolar ([n']-[n]), dental-retroflex ([n']-[N]), and alveolar-retroflex ([n]-[N]), all involving phones judged as /n/ exemplars. These results are in contrast with the pilot study results, which showed superior performance for AE listeners on [n']-[N] and for Bengali listeners on [n']-[N]. 





Explanation: This discrepancy could be the result of the greater number of exemplars of each phone, the use of different talkers producing the stimuli, and the greater number of repetitions of each contrast in the main experiment, making its results more reliable, though it could also be the result of the difference in ISI used (1.5s in the pilot vs. 1s in the main experiment). However, assuming the main experiment results reflect phonemic processing, one can conclude that feature productivity did not play a role in the discriminability of dental-alveolar ([n']-[n]), dental-retroflex ([n']-[N]), and alveolar-retroflex ([n]-[N]), and that the three central factors of PAM are sufficient in accounting for the perceptual performance of Bengali and American English listeners with these three, within-category judgments. Some form of feature productivity may play a role in the case of [n+], which may be an "uncategorizable" phone in Best's (1995) terminology, allowing for the listener's whole phonetic experience to be brought to bear in the perceptual task.


�
Conclusion





A pilot and an experiment were conducted to determine if the three central factors of PAM (the contrast in question, the inventory of native categories, the degree of gestural similarity between contrast and categories) were sufficient to characterize perceptual performance in identification and discrimination tests. A set of contrasts and two languages with an extremely similar set of presumed relevant phonemes were selected to test these claims. The pilot categorical AX discrimination test with a 1.5s ISI showed cross-language differences for several of the contrasts, though it employed only a small set of stimuli from three languages produced by a single speaker of each language. The full experiment with more stimuli, fewer contrasts, and more repetitions of the stimuli showed fewer cross-language differences in a categorical AXB discrimination test with a 1s ISI and a identification test with category-goodness ratings on a five point scale. The remaining cross-language differences involved a single, ambiguous phone, the interdental nasal [n+], perceived either by Bengalis as an /m/ in an [a] context, or as an /n/ in an [i] context. AE listeners were less categorical in their identification of [n+]. The discriminability of contrasts involving [n+] paralleled this identification pattern in all but one case. An explanation was offered for the differing identification of [n+], in which AE listeners, whose L1 lacks the same phonetic experience with dental consonants as Bengali, are less constrained by experience, and thus are capable of perceiving [n+] as something other than /m/ or /n/, something between these categories. Thus, PAM may have to be augmented to account for the role of feature productivity, particularly in the perception of phones in the uncategorizable "space" between native categories.


�
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