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Articulatory phonetics is broadly concerned with understanding how humans use body 
structures to produce speech sounds. Articulatory phoneticians use a wide range of tools 
and techniques to study different aspects of these structures, from their physical form, func-
WLRQ�DQG�FRQWURO�WR�WKHLU�HYROXWLRQ��GHYHORSPHQW�DQG�SDWWHUQV�RI�XVH��$V�VXFK��WKH�¿HOG�RI�
articulatory phonetics interacts with a wide range of other disciplines such as neurosci-
ence, speech-language pathology, motor control, dentistry, cognitive science, biomedical 
HQJLQHHULQJ��GHYHORSPHQWDO�SV\FKRORJ\��RWRODU\QJRORJ\��DQG�RI�FRXUVH�RWKHU�VXE¿HOGV�RI�
phonetics and linguistics.

,I�DUWLFXODWRU\�SKRQHWLFV�DV�D�¿HOG�LV�LQGHHG�FRQFHUQHG�ZLWK�KRZ�VSHHFK�LV�UHDOL]HG�WKURXJK�
SK\VLFDO�DFWLRQV��WKHQ�LW�VWDQGV�WR�UHDVRQ�WKDW�RXU�PRGHOV�PXVW�LQFOXGH�±�RU�DW�OHDVW�SURYLGH�
OLQNV�WR�±�SDUWV�RI�WKH�ERG\��$Q\�DWWHPSW�WR�VWXG\�RU�GHVFULEH�D�WKLQJ��VXFK�DV�D�ERG\�SDUW��
LV�DQ�DWWHPSW�WR�UHGXFH�LWV�FRPSOH[LW\�±�DQG�WKH�VSHHFK�DSSDUDWXV�LV�QRWKLQJ�LI�QRW�FRPSOH[��
The human vocal tract is a continuous, high-dimensional space with practically unlimited 
degrees of freedom, and articulatory phoneticians have naturally come up with different 
ZD\V�RI�UHGXFLQJ�WKH�FRPSOH[LW\�RI�WKLV�VSDFH��2I�FRXUVH��ZKHQ�ZH�UHGXFH�FRPSOH[LW\�ZH�
also remove or omit potentially important information, so it is important to consider care-
fully which parts our models and descriptions should include, and which they may leave out.

7KH�SUHVHQW�FKDSWHU�H[SORUHV�VRPH�RI� WKH�DSSURDFKHV�WUDGLWLRQDOO\�XVHG�LQ� WKH�¿HOG�RI�
articulatory phonetics to describe the vocal tract, then goes on to consider the vocal tract 
from the lips to the larynx through the lens of a more embodied approach. We use the term 
³HPERGLHG´�KHUH�LQ�WKH�VHQVH�RI�³VLWXDWHG�LQ�WKH�ERG\�´�ZKHUH�WKH�ERG\�LQFOXGHV�QRW�MXVW�
WKH�³PHDW�´�EXW�DOVR�DOO�DVSHFWV�RI�WKH�QHUYRXV�V\VWHP�LQFOXGLQJ��EXW�QRW�OLPLWHG�WR��ERWK�
motor systems and internal and external sensory systems. Articulatory phonetics is in this 
VHQVH�LQKHUHQWO\�³HPERGLHG�´�DV�LW�DWWHPSWV�WR�PDNH�GLUHFW�UHIHUHQFH�WR�ERG\�VWUXFWXUHV�DQG�
their communicative functions. However, as articulatory phonetics is relatively young as a 
VFLHQWL¿F��UDWKHU�WKDQ�GHVFULSWLYH��¿HOG��WKH�EURDGHU�LPSOLFDWLRQV�RI�D�PRUH�IXOO\�HPERGLHG�
approach to theories of speech sounds remain to be explored.

2QH�RI�WKH�SUHGRPLQDQW�PHWKRGV�SKRQHWLFLDQV�KDYH�XVHG�WR�VLPSOLI\�WKH�VSHHFK�SURGXF-
WLRQ� V\VWHP�KDV� EHHQ� WR� UHGXFH� WKH� YRFDO� WUDFW� WR� D� VLQJOH� FHQWUDO� SODQH� �WKH�midsagittal 
SODQH���7KH�PLGVDJLWWDO�DSSURDFK�WR�UHGXFLQJ�WKH�GLPHQVLRQDOLW\�RI�WKH�YRFDO�WUDFW�KDV�EHHQ�
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UHLQIRUFHG�RYHU� WKH�SDVW�FHQWXU\�E\� WKH�GHYHORSPHQW�RI� WRROV� VXFK�DV�;�UD\� WKDW�SURYLGH�
LPDJHV�RI�WKH�PLGOLQH�RI�WKH�YRFDO�WUDFW��5XVVHOO��������DQG�E\�WKH�XWLOLW\�RI�WKH�PLGVDJLWWDO�
DSSUR[LPDWLRQ�RI�YRFDO�WUDFW�DUHD�IRU�DFRXVWLF�PRGHOLQJ��6HUUXULHU�HW�DO���������WKRXJK�WKLV�
PHWKRG�RI�DSSUR[LPDWLRQ� LV�QRW�ZLWKRXW� LWV�FKDOOHQJHV��H�J���$QGHUVRQ�HW�DO����������Fig-
ure 5.1 shows a two-dimensional outline of the vocal tract. The midsagittal outline, familiar 
WR�DQ\�VWXGHQW�RI�SKRQHWLFV��LV�IDLUO\�VLPSOH�DQG�DSSHDUV�WR�LQFOXGH�DOO�RI�WKH�PDMRU�³SDUWV´�
FRPPRQO\�UHIHUUHG� WR�E\�SKRQHWLFLDQV� �WRQJXH�� OLSV��YHOXP��HWF����$�VHULRXV� OLPLWDWLRQ�RI�
the midsagittal reduction method is that it indiscriminately omits everything outside of that 
SODQH�±�LQGHHG��EHLQJ�RQO\�DQ�RXWOLQH�RI�WKH�RXWHU�VXUIDFHV�RI�WKH�PDMRU�VWUXFWXUHV�DORQJ�WKH�
midline, this representation omits reference even to any internal structure that may intersect 
this plane. The resulting outline contains no information about structures, for example, at 
the sides of the vocal tract, and no reference to any neurally accessible components of the 
system such as muscles and nerves. While the midsagittal section is certainly helpful for an 
initial descriptive presentation of the vocal apparatus, it is important to question whether it 
FRQWDLQV�VXI¿FLHQW�LQIRUPDWLRQ�WR�EH�XVHIXO�DV�D�VFLHQWL¿F�PRGHO�RI�KRZ�WKH�KXPDQ�ERG\�LV�
used to articulate speech sounds.

Another way articulatory phoneticians have reduced the dimensionality of the vocal tract 
LV�E\�GHVFULELQJ�LW�LQ�WHUPV�RI�D�VHW�RI�¿[HG��DQDWRPLFDOO\�GH¿QHG�VWUXFWXUHV��RIWHQ�UHIHUUHG�
WR�XVLQJ�IDPLOLDU�ERG\�SDUW� WHUPV�VXFK�DV�³OLSV´�RU�³WRQJXH�WLS�´�7KHVH�WHUPV�DUH�VHOGRP�
JLYHQ�WHFKQLFDO�GH¿QLWLRQV�� OHDYLQJ�LW� WR�WKH�UHDGHU�WR�LQWHUSUHW� WKHLU�SUHFLVH�PHDQLQJ�DQG�

Figure 5.1 A two-dimensional outline of the vocal tract along the midsagittal plane.
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VFRSH��1RW�RQO\�GRHV�WKLV�OHDYH�RXU�PRGHOV�RSHQ�WR�VLJQL¿FDQW�FXOWXUDO�LQWHUSUHWDWLRQ�FRQ-
FHUQLQJ�WKH�VSHFL¿F�UHIHUHQWV�RI�ERG\�SDUW�WHUPV��VHH��H�J���(Q¿HOG�HW�DO���������:LHU]ELFND��
�����IRU�FRQWUDVWLQJ�YLHZSRLQWV�RQ�WKLV�VXEMHFW���EXW�GLYLGLQJ�WKH�YRFDO�WUDFW�LQWR�DQDWRPLFDO�
articulators in this way raises the philosophical question of whether it is desirable or even 
SRVVLEOH�WR�VHSDUDWH�DQDWRPLFDO�³ERG\�SDUWV´�IURP�WKH�PXVFXODU�DQG�QHXURORJLFDO�V\VWHPV�
WKDW�FRQWURO�WKHP��:LOVRQ��������DGGUHVVHV�WKLV�TXHVWLRQ�LQ�UHODWLRQ�WR�WKH�GH¿QLQJ�RI�KDQGV�

Should those parts of the brain that regulate hand function be considered part of the 
KDQG"����� ��$OWKRXJK�ZH�XQGHUVWDQG�ZKDW�LV�PHDQW�FRQYHQWLRQDOO\�E\�WKH�VLPSOH�DQD-
WRPLF�WHUP�>µKDQG¶@��ZH�FDQ�QR�ORQJHU�VD\�ZLWK�FHUWDLQW\�ZKHUH�WKH�KDQG�LWVHOI��RU�LWV�
FRQWURO�RU�LQÀXHQFH��EHJLQV�RU�HQGV�LQ�WKH�ERG\�

�:LOVRQ����������

7KLV� FRQFHSW� LV� E\� QR�PHDQV� QHZ� WR� DUWLFXODWRU\� SKRQHWLFV�� ,Q� &RRSHU� HW� DO�� �������
�����³DFWLRQ�SODQV´�ZHUH�XVHG�DV�D�ZD\�WR�OLQN�VSHHFK�HYHQWV�WR�XQGHUO\LQJ�PXVFXODU�RUJDQ-
ization, with the goal “to describe speech events in terms of a rather limited number of 
PXVFOH�JURXSV�´�/DWHU��/LEHUPDQ�HW�DO��������������H[WHQGHG�WKLV�FRQFHSW�WR�SKRQRORJLFDO�
IHDWXUHV��DUJXLQJ�WKDW�³WKH�GLVWLQFWLYH�IHDWXUHV�RI�D�SKRQHPH�DUH�FORVHO\�OLQNHG�WR�VSHFL¿F�
PXVFOHV�DQG�WKH�QHXUDO�FRPPDQGV�WKDW�DFWXDWH�WKHP�´�2I�FRXUVH��ZKLOH�LW�LV�WULYLDOO\�WUXH�WKDW�
any physical action can be realized only through neuromotor commands and concomitant 
muscle movements, the challenge is to explore which particular commands and movements 
DUH�XVHG��DQG�PRUH�WR�WKH�SRLQW��ZKLFK��LI�DQ\��DUH�XVHIXO�WR�XV�LQ�XQGHUVWDQGLQJ�KRZ�VSHHFK�
ZRUNV�

7KH�IROORZLQJ�VHFWLRQV�GHVFULEH� WKH�³DUWLFXODWRUV´�RI�VSHHFK� LQ�PRUH�HPERGLHG� WHUPV��
allowing us to consider different regions of the vocal tract in turn, from the lips to the lar-
\Q[��(DFK�VHFWLRQ�GHYHORSV�FRQFHSWV�WKDW�HPHUJH�IURP�D�IXOOHU�GHVFULSWLRQ�RI�WKH�³SDUWV´�RI�
speech as they help to deepen our understanding of the sound systems of human languages. 
It is important to note that, although the following sections have been given familiar ana-
WRPLFDOO\�EDVHG�WLWOHV�VXFK�DV�³/LSV´�DQG�³7RQJXH�´�WKLV�XVDJH�VKRXOG�EH�WDNHQ�DV�VWULFWO\�
descriptive.

Lips

7KH� OLSV� DUH� WKH�PRVW�YLVLEOH�SDUW�RI� WKH�YRFDO� WUDFW��PDNLQJ� WKHP�DQ�HDV\�SODFH� WR� VWDUW�
WKLQNLQJ�DERXW�KRZ�WKH�ERG\�PDNHV�VSHHFK�VRXQGV��/LSV�DUH�DVVRFLDWHG�ZLWK�WKH�SURGXF-
tion of bilabial speech sounds such as /b/, /m/ and /w/ and with labio-dental sounds such as 
/f/ and /v/. Despite the distinct structures and functions of the upper lip and the lower lip, 
WKH�(QJOLVK�ODQJXDJH�UHVHUYHV�D�VLQJOH�WHUP��³OLS´��IRU�ERWK�VWUXFWXUHV��UHIHUULQJ�URXJKO\�WR�
WKH�ÀHVK\�SDUWV�LPPHGLDWHO\�DGMDFHQW�WR�WKH�YHUPLOLRQ�ERUGHU��WKH�RIWHQ�GDUNHU�KXHG�EDQGV�
LPPHGLDWHO\�VXUURXQGLQJ�WKH�PRXWK���,Q�FRQWUDVW��-DKDL��D�0RQ�.KPHU�ODQJXDJH�VSRNHQ�LQ�
0DOD\VLD��XVHV�D�VHSDUDWH�ZRUG�IRU�HDFK�OLS��ZLWK�nus�³XSSHU�OLS´�LQFOXGLQJ�DOO�WKH�ÀHVK\�
parts between the nose and mouth and tnit�³ORZHU�OLS´�LQFOXGLQJ�DOO�WKH�ÀHVK\�SDUWV�RI�WKH�
ORZHU�OLS�DQG�FKLQ��%XUHQKXOW���������,QWHUHVWLQJO\��GH¿QHG�LQ�WKLV�ZD\��WKH�-DKDL�³DUWLFX-
ODWRUV´� FRXOG�EH� VDLG� WR� UHÀHFW�PRUH�DFFXUDWHO\� WKH�XQGHUO\LQJ� LQQHUYDWLRQ��ZLWK� WKH�nus 
innervated by the buccal branches of the facial nerve and the tnit serviced by the marginal 
mandibular branches of the facial nerve. Anatomists have long since moved beyond trying 
WR�GH¿QH�WKH�OLSV�DV�D�GLVFUHWH�DQG�QHDWO\�FRQWDLQHG�DQDWRPLFDO�VWUXFWXUH��/LJKWROOHU���������
5DWKHU��ZKDW�ZH�UHIHU�WR�DV�³OLSV´�FRPSULVHV�D�FRPSOH[�QHWZRUN�RI�PXVFOHV�DQG�RWKHU�WLVVXHV�
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H[WHQGLQJ�URXJKO\�IURP�WKH�FKHVW�WR�WKH�FUDQLXP��VHH�Figure 5.2���DORQJ�ZLWK�DOO�RI�LWV�DVVR-
FLDWHG�VNHOHWDO��QHXUDO�DQG�PHWDEROLF�VWUXFWXUHV��WDNLQJ�RQ�GLIIHUHQW�IRUPV�GHSHQGLQJ�RQ�LWV�
LPPHGLDWH�IXQFWLRQ��6R��ZKHUH�GRHV�RQH�GUDZ�WKH�OLQH�DURXQG�³OLSV´"

7KH�QRWLRQ�RI�³OLSV´�EHFRPHV�VWLOO�PRUH�FRPSOLFDWHG�DV�VRRQ�DV�ZH�EHJLQ�WR�XVH�WKHP�WR�
SURGXFH�VSHHFK��&RQVLGHU�WKDW�WKH�VHW�RI�PXVFOHV�UHFUXLWHG�WR�SURGXFH�WKH�ÀDW�OLS�FORVXUH�IRU�
�E���PDLQO\�PDUJLQDO�RUELFXODULV�RULV�>22P@��ULVRULXV�>5,6@�DQG�PHQWDOLV�>0(1@��LV�FRP-
SOHWHO\�GLIIHUHQW�IURP�WKDW�UHFUXLWHG�IRU�WKH�URXQGLQJ�RI��Z���PDLQO\�SHULSKHUDO�RUELFXODULV�
RULV� >22S@�� �*LFN�HW�DO����������ZKLOH� �I��DQG� �Y��RQO\�XVH� LQIHULRU�22��22L��PXVFOHV� WR�

Figure 5.2 Muscles contributing to lip movement (outlined in black).1

Source: Adapted by B. Gick and R.C. Taylor, from Gray and Lewis (1918) Plate 378, [public domain]
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FORVH�WKH�ERWWRP�OLS�DJDLQVW�WKH�XSSHU�WHHWK��VHH�Figure 5.3���7KDW�LV�WR�VD\��LI�DUWLFXODWRUV�DUH�
GH¿QHG�VR�DV�WR�LQFOXGH�WKH�DVVRFLDWHG�PXVFXODU�DQG�QHXUDO�VWUXFWXUHV��WKHQ�WKH�³OLSV´�ZH�XVH�
WR�SURGXFH��E��DUH�TXLWH�OLWHUDOO\�D�GLIIHUHQW�ERG\�SDUW�IURP�WKH�³OLSV´�ZH�XVH�WR�SURGXFH��Z��
RU�WKH�³OLSV´�ZH�XVH�WR�SURGXFH��I���$W�WKLV�SRLQW��WKH�XVH�RI�WKH�WHUP�³OLSV´�DV�D�IRUPDO�SDUW�
RI�RXU�SKRQHWLF�GHVFULSWLRQ�VHHPV�PRUH�RI�D�OLDELOLW\�WKDQ�DQ�DLG��,W�ZRXOG�PDNH�PRUH�VHQVH�
WR�GH¿QH�WKUHH�VHSDUDWH�VWUXFWXUHV�WKDW�FRQWURO�WKHVH�WKUHH�VHSDUDWH�VRXQGV��7KXV��LI�ZH�UHDOO\�
ZDQW�WR�XQGHUVWDQG�DUWLFXODWRU\�SKRQHWLFV��ZH�VKRXOG�DVN�QRW�³ZKDW�DUH�OLSV"´�RU�HYHQ�³KRZ�
GR�ZH�FRQWURO�RXU�OLSV"´�EXW�UDWKHU�³KRZ�GR�WKH�YDULRXV�V\VWHPV�RI�WKH�ERG\�ZRUN�WRJHWKHU�WR�
SURGXFH�WKH�PRYHPHQWV�WKDW�UHVXOW�LQ�WKH�VRXQG��Z�"´�7KLV�WKHQ�UDLVHV�RWKHU�LQWHUHVWLQJ�TXHV-
WLRQV��VXFK�DV�ZK\�GR�VR�PDQ\�GLIIHUHQW�ODQJXDJHV�UHDOL]H��Z���RU��E��RU��I���LQ�VLPLODU�ZD\V"

:KHQ�DUWLFXODWRU\�SKRQHWLFV� LV�YLHZHG� IURP�DQ�HPERGLHG�SRLQW�RI�YLHZ��ZH�¿QG� WKDW�
WKHUH�DUH�FHUWDLQ�PRYHPHQWV�WKDW�RXU�ERGLHV�FDQ�SURGXFH�ZLWK�SDUWLFXODU�HI¿FLHQF\�DQG�UHOL-
DELOLW\�±�DQG�WKDW�WKHVH�UREXVW�PRYHPHQWV�DSSHDU�LQ�WKH�SKRQHWLF�LQYHQWRULHV�RI�ODQJXDJH�
DIWHU�ODQJXDJH��7KHVH�UREXVW�PRYHPHQWV�PD\�EH�WKRXJKW�RI�DV�DWWUDFWRUV�RU�³VZHHW�VSRWV´�LQ�
the action space that require less precise control while still producing consistent articulatory 
outputs. Examples of physical properties that permit consistent movement with imprecise 
control include situations of contact between body parts in which movement abruptly stops 
or changes, tissue stiffness that resists movement, and limits on muscle force-generating 
FDSDFLW\��$OO� RI� WKHVH� DUH� H[DPSOHV� RI� WKH� NLQG� RI� ³TXDQWDO´� ELRPHFKDQLFDO�DUWLFXODWRU\�
UHODWLRQV� WKDW�KDYH� ORQJ�EHHQ�GHVFULEHG� IRU� VSHHFK� �H�J���6WHYHQV��������)XMLPXUD��������
6FKZDUW]�HW�DO���������EXW�VHOGRP�TXDQWL¿HG��FRPSXWHU�VLPXODWLRQV�UHSUHVHQWLQJ�WKH�ELRPH-
chanics of the body parts associated with speech articulation can be useful in elucidating 
these properties. Biomechanical simulations have shown quantal relations to correspond 
ZLWK� WKH�NLQGV�RI�PRYHPHQWV�RIWHQ�XVHG� WR�PDNH�VSHHFK�VRXQGV��H�J���%XFKDLOODUG�HW�DO���
������1D]DUL�HW�DO���������*LFN�HW�DO���������0RLVLN�DQG�*LFN��������

Three-dimensional biomechanical simulations of lip musculature and other structures 
can be useful in identifying the labial movements that show quantal properties, and the dif-
IHUHQW�JURXSLQJV�RI�PXVFOHV�WKDW�GULYH�WKHVH�PRYHPHQWV��H�J���*LFN�HW�DO����������7KH�JUDSK�

Figure 5.3 Schematic diagram illustrating the outer ring OOp (peripheral), inner ring OOm 
(marginal), upper half OOs (superior), and lower half OOi (inferior) of the orbicularis oris (OO) 
muscle.

Source: Adapted by B. Gick, from Gray and Lewis (1918), Plate 381 [public domain]
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in Figure 5.4 illustrates how two different muscle groupings are used to produce reliable lip 
FRQVWULFWLRQV�RI�GLIIHUHQW�VL]HV��DV�IRU��E��DQG��Z����LQ�RWKHU�ZRUGV��HDFK�GLVFUHWH�OLS�PRYH-
PHQW��VD\��FORVXUH�IRU��E��RU�URXQGLQJ�IRU��Z���UHVXOWV�IURP�WKH�DFWLRQ�RI�D�VHSDUDWH�IXQFWLRQDO�
body structure, each having its own distinct musculature, innervation, and functional out-
FRPH��6HPL�FORVHG�VWUXFWXUHV�RI� WKLV�NLQG�KDYH�VRPHWLPHV�EHHQ�DVVRFLDWHG�ZLWK� WKH� WHUP�
³PRGXOHV´�RU�³PXVFOH�V\QHUJLHV´�LQ�WKH�PRWRU�FRQWURO�OLWHUDWXUH��H�J���6DIDY\QLD�DQG�7LQJ��
�������EHFDXVH�WKH\�DFW�DV�GLVWLQFW�DQG�UHODWLYHO\�DXWRQRPRXV�IXQFWLRQDO�XQLWV�RI�DFWLRQ�LQ�
WKH�V\VWHP��$V�WKHVH�QHXURPXVFXODU�PRGXOHV�DUH�EXLOW�WR�WDNH�DGYDQWDJH�RI�³ELRPHFKDQLFDO�
DIIRUGDQFHV´��7LQJ�DQG�&KLHO���������LW�LV�LPSRUWDQW�WR�FRQVLGHU�ELRPHFKDQLFDO�SURSHUWLHV�RI�
speech movements.

7KH� WHUP�³PRGXOHV´� LQ� WKLV�FRQWH[W� UHIHUV� WR�JURXSLQJV�RI�PXVFOHV�DQG�QHUYHV�ZKRVH�
DFWLYDWLRQV�UHVXOW�LQ�UREXVW��UHOLDEO\�SURGXFHG�PRYHPHQWV��'¶$YHOOD�DQG�%L]]L���������$V�
/RHE�HW�DO������������GHVFULEH�LQ�WKHLU�VWXG\�RI�OLPE�FRQWURO�

LQ�WKH�ODUJH�VSDFH�RI�VLPXODWHG�PXVFOH�FRPELQDWLRQV�WKHUH�H[LVWV�D�ZHOO�GH¿QHG�VXEVHW�
of synergies which will stabilize the limb despite activation noise, muscle fatigue, and 
RWKHU� XQFHUWDLQWLHV� ±� DQG� WKHVH� V\QHUJLHV� VWDELOL]H� WKH� OLPE� DW� SUHGLFWDEOH�� UHVWULFWHG�
ORFDWLRQV�LQ�WKH�ZRUNVSDFH�

Figure 5.4 Area of lip opening as muscle activation increases; dashed line shows activation of 
a lip-closing module (OOM + RIS + MEN), solid line shows activation of a lip-rounding module 
(OOP). Note that each module stabilizes at its own natural size of opening after about 20–30% 
activation, with stable regions indicated in dotted boxes. Photos to the right show rounded and 
closed lip shapes for illustration.

Source: Graph adapted from (Gick et  al., 2011) with permission. Images generated by C. Chiu using 
ArtiSynth; www.artisynth.org.

http://www.artisynth.org
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So, according to our model, these robust muscle synergies can be depended on to get 
the limb to the right place. 

*URXSLQJV�RI� WKLV�NLQG�±�RI�QHUYHV�DQG�PXVFOHV�DQG� WKH� VWUXFWXUHV� WKH\�PRYH�� WXQHG�E\�
XVH�DQG�IHHGEDFN��DQG�RUJDQL]HG�WR�SURGXFH�UHOLDEOH�VSHHFK�PRYHPHQWV�±�IRUP�WKH�EDVLV�
RI� DFWLRQDEOH�ERG\�SDUWV�RI� VSHHFK�� WKHVH�DUH� WKH�³DUWLFXODWRUV´�RI� DUWLFXODWRU\�SKRQHWLFV�
�VHH�*LFN�DQG�6WDYQHVV���������$�SUHGLFWLRQ�RI�WKLV�DSSURDFK�LV�WKDW�WKHUH�VKRXOG�EH�JDSV�LQ�
phonetic inventories corresponding to the absence of robust, reliable mechanisms at par-
ticular vocal tract locations. Insofar as our phonetic transcription systems, e.g., the Interna-
WLRQDO�3KRQHWLF�$OSKDEHW��,3$��VHH�Figure 5.5���DUH�UHSUHVHQWDWLYH�RI�WKH�SKRQHWLF�YDULDWLRQ�
observed in the languages of the world, these provide a good sense of what options are or 
DUH�QRW�DYDLODEOH�WR�VSHDNHUV�RI�D� ODQJXDJH��,Q�IDFW�� WKH�,3$�FRQWDLQV�PDQ\�JDSV�WKDW�DUH�
not judged physically impossible, but that are nevertheless unattested. For example, while 
it is entirely possible to produce a labio-dental stop by compressing the lower lip into the 
XSSHU�WHHWK�ZLWK�VXI¿FLHQW�SUHVVXUH��DV�HYLGHQFHG�E\�LWV�RFFDVLRQDO�DSSHDUDQFH�DV�D�EOHQG�RI�
>S@�DQG�>I@�LQ�%HOJLDQ�'XWFK��9HUKRHYHQ��������RU�LQ�FOLQLFDO�VSHHFK��H�J���+DJHGRUQ�HW�DO���
�������WKLV�VRXQG�LV�QRW�XVHG�FRQWUDVWLYHO\�LQ�DQ\�ODQJXDJH��SUHVXPDEO\�EHFDXVH�WKH�XSSHU�
teeth simply provide a comparatively poor closure surface for the lower lip.

1RWH�WKDW�DV� WKH�VWUXFWXUHV�ZH�FROORTXLDOO\�FDOO�³OLSV´�PD\�EH�LQYROYHG�LQ�D�YDULHW\�RI�
different speech sounds, their range of possible actions will potentially be governed by a 
large number of distinct neuromuscular modules specialized to produce different speech 
PRYHPHQWV��DV�ZHOO�DV�RWKHU�PRGXOHV�IRU�QRQ�VSHHFK�IXQFWLRQV�UHODWLQJ�WR�LQJHVWLRQ��UHVSL-
UDWLRQ��IDFLDO�H[SUHVVLRQ��DQG�VR�RQ���6XFK�PRGXOHV�PDNH�QR�IRUPDO�UHIHUHQFH�WR�DQ\�SUH�
GH¿QHG�DQDWRPLFDO�VWUXFWXUH�VXFK�DV�³OLSV�´�³XSSHU�OLS�´�³ORZHU�OLS�´�³MDZ�´�HWF��,PSRUWDQWO\��
ZKDW�WKLV�PHDQV�IRU�DUWLFXODWRU\�SKRQHWLFV�LV�WKDW�HDFK�³DUWLFXODWRU´�LGHQWL¿HG�LQ�RXU�PRGHO�
LV� DQ� DFWLRQDEOH� XQLW�ZLWK� D� EXLOW�LQ� UHOLDEOH� IXQFWLRQ�� HQDEOLQJ� XV� WR� OLQN� HYHU\� REVHUY-
able or measurable phonetic output with its concomitant embodied properties, including its 
NLQHPDWLFV��ELRPHFKDQLFV��PXVFXODWXUH��QHXUDO�FRQWURO��DQG�WKH�VHQVRU\�VWUXFWXUHV�WKURXJK�
which it is trained and reinforced.

Figure 5.5 Excerpt from the IPA Chart, www.internationalphoneticassociation.org/content/
ipa-chart, available under a Creative Commons Attribution-Sharealike 3.0 Unported License.

Source: Copyright 2015 International Phonetic Association
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Tongue

The tongue is commonly thought of as the primary mover in speech articulation. It is per-
KDSV�WKH�ERG\¶V�PRVW�ÀH[LEOH�VWUXFWXUH��LQWHUDFWLQJ�ZLWK�RWKHU�SDUWV�RI�WKH�RUDO�DQG�SKDU\Q-
JHDO�WUDFWV�WR�SURGXFH�D�ZLGH�UDQJH�RI�YRZHO�DQG�FRQVRQDQW�VRXQGV��LQFOXGLQJ�FRURQDOV��H�J���
�W����Q����O����SDODWDOV��H�J����L����M����F����YHODUV��H�J����N����ܳ����[���DQG�XYXODUV��H�J����ܳ���/n/, /r/���WR�
PHQWLRQ�D�IHZ��7DNHQ�DV�D�ZKROH�DQDWRPLFDO�REMHFW��WKH�WRQJXH�DFWV�DV�D�PXVFXODU�K\GURVWDW��
that is, the volume of the tongue remains constant as it changes shape, so that when the 
tongue is squeezed in one area by the action of muscles we expect a corresponding passive 
expansion in another area to maintain the volume, as with a water balloon. Because of its 
hydrostatic properties, the human tongue has sometimes been compared with other muscu-
ODU�K\GURVWDWV�LQ�WKH�DQLPDO�NLQJGRP��VXFK�DV�WKH�RFWRSXV�DUP�RU�VTXLG�WHQWDFOH��.LHU�DQG�
6PLWK���������+RZHYHU��ZKLOH�WRQJXHV�DQG�WHQWDFOHV�PD\�DSSHDU�VLPLODU��DQG�ERWK�GR�LQGHHG�
KDYH�PDQ\�GHJUHHV�RI�IUHHGRP��'R)��±�VR�PDQ\�WKDW�LW�LV�KDUG�WR�FRQFHLYH�KRZ�WKH\�FDQ�
EH�FRQWUROOHG�±�WKH�DQDORJ\�ODUJHO\�HQGV�KHUH��+XPDQ�WRQJXHV�DQG�RFWRSXV�DUPV�KDYH�YHU\�
GLIIHUHQW� LQWHUQDO�VWUXFWXUHV�DQG�DUH�FRQWUROOHG�YHU\�GLIIHUHQWO\��2QH�ZD\�RFWRSXVHV�VROYH�
WKHLU�'R)�SUREOHP�LV�E\�EHQGLQJ�WKHLU�DUPV�RQO\�DW�VSHFL¿F�ORFDWLRQV��6XPEUH�HW�DO����������
almost as if the arm contained bones and joints that help constrain its possible movements. 
7KLV�VLPSOL¿HV�WKH�FRQWURO�SUREOHP�IRU�WKH�RFWRSXV¶V�QHUYRXV�V\VWHP�

7KH�WRQJXH�LV�DOVR�YHU\�ÀH[LEOH��EXW�XQOLNH�DQ�RFWRSXV�DUP��WKH�WRQJXH�LV�VXUURXQGHG�E\�
KDUG�VWUXFWXUHV��DQG�LW�LQWHUDFWV�ZLWK�WKHVH�WR�SURGXFH�LWV�VSHHFK�PRYHPHQWV��&RQWUDU\�WR�D�
³WHQWDFOH´�DQDORJ\��ZKLFK�PLJKW�OHDG�XV�WR�LPDJLQH�WKDW�WKH�VLGHV�RI�WKH�WRQJXH�PRYH�PRUH�RU�
less in concert with the midline, the lateral edges of the tongue actually serve their own quite 
LQGHSHQGHQW�DQG�LPSRUWDQW�IXQFWLRQ�±�WKH\�DUH�UHVSRQVLEOH�IRU�³EUDFLQJ´�WKH�WRQJXH�DJDLQVW�
WKH�XSSHU�PRODUV�DQG�VLGHV�RI�WKH�KDUG�SDODWH��)LJXUH�������7KLV�EUDFLQJ�JUHDWO\�UHGXFHV�WKH�

Figure 5.6 Computer simulation of oblique view of the tongue with surrounding skeletal struc-
ture (left) in the position to produce a coronal closure, with a coronal cross-section (right) 
showing the lateral tongue in contact with the molars.

Source: Images generated by I. Stavness using ArtiSynth; www.artisynth.org.

http://www.artisynth.org
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WRQJXH¶V�GHJUHHV�RI�IUHHGRP�DQG�SURYLGHV�VHQVRU\�IHHGEDFN�DERXW�WKH�SRVLWLRQ�RI�WKH�WRQJXH�
DQG��FUXFLDOO\��LW�IRUPV�WKH�VHDO�WKDW�NHHSV�DLU�IURP�HVFDSLQJ�LQWR�WKH�FKHHNV��WKXV�GH¿QLQJ�
the aeroacoustic tube for speech. Because of its essential functions, with but few exceptions, 
EUDFLQJ�LV�PDLQWDLQHG�FRQWLQXRXVO\�WKURXJKRXW�UXQQLQJ�VSHHFK��*LFN�HW�DO���������

Thus, for example, whenever the tongue tip moves upward to close for a /t/, the sides 
of the tongue are already braced against the teeth, holding in the air to allow pressure to 
EXLOG�EHKLQG�WKH�WRQJXH�WLS�FORVXUH��OLNHZLVH��LQ�WKH�FDVH�RI�D�IULFDWLYH�OLNH��V���ODWHUDO�EUDF-
ing forms the central passageway through which air must travel, forcing the air forward 
WKURXJK� WKH� QDUURZ� DQWHULRU� SDVVDJH� WR� EUHDN� DJDLQVW� WKH� WHHWK��7KLV� LV� QRW� MXVW� WUXH� IRU�
coronal sounds, though, or for consonants: The tongue maintains this lateral bracing for 
YRZHOV�DQG�FRQVRQDQWV�DOLNH�� VXJJHVWLQJ�D�SRVVLEOH�GHGLFDWHG�PRGXOH� IRU�EUDFLQJ� WKDW� LV�
NHSW�FRQVWDQWO\�DFWLYDWHG�WKURXJKRXW�VSHHFK��SUHVXPDEO\�DV�SDUW�RI�D�ODQJXDJH¶V�SUH�VSHHFK�
SRVWXUH� �3HUNHOO�� ������RU� DUWLFXODWRU\� VHWWLQJ� �*LFN� HW� DO��� �������7KH�QRWDEOH� H[FHSWLRQ�
to lateral bracing, of course, is the class of lateral sounds, such as English /l/, which are 
commonly associated with intentional lowering of the sides of the tongue. Acoustically, 
this lowering engages the side resonators of the buccal cavities, giving /l/ its characteristic 
sound. It is interesting to note that, when the tongue loses its lateral bracing during /l/, the 
DQWHULRU�WRQJXH�QRUPDOO\�PDNHV�FRQWDFW�ZLWK�WKH�DOYHRODU�ULGJH��SURYLGLQJ�DQWHULRU�EUDFLQJ�
for the tongue and ensuring that bracing at some location is maintained between the tongue 
and palate throughout running speech.

Bracing is an essential part of understanding tongue articulation, as it delineates the 
WRQJXH¶V�LQGHSHQGHQWO\�FRQWUROODEOH�IXQFWLRQDO�UHJLRQV��VHH�6WRQH�DQG�/XQGEHUJ���������)RU�
example, when the tongue is braced laterally, the tongue tip can function as a relatively sim-
SOH�YDOYH��7KLV�VLPSOH�YDOYH�LV�VR�HI¿FLHQW�WKDW�WKH�WRQJXH�WLS�LV�HYHQ�FDSDEOH�RI�SURGXFLQJ�
sequences of fast upward and downward motions in an oscillatory fashion, without active 
control; in speech, this dynamic can be seen in trilling of the tongue tip, as well as in sequen-
WLDO�ÀDSV�LQ�WKH�ZRUG�³6DWXUGD\´�DV�SURGXFHG�E\�VSHDNHUV�RI�PDQ\�GLDOHFWV�RI�(QJOLVK��'HU-
ULFN�HW�DO����������0RUH�SRVWHULRUO\��DV�ORQJ�DV�WKH�ODWHUDO�WRQJXH�UHPDLQV�EUDFHG��WKH�PDVV�
of the tongue body cannot be raised and lowered as a single object by extrinsic muscles; 
rather, it must be raised and lowered through reshaping of the tongue, primarily through 
WKH�DFWLRQ�RI�PXVFOHV�LQWULQVLF�WR�WKH�WRQJXH��6WLOO�IDUWKHU�EDFN��WKH�WRQJXH�GRUVXP�LQWHUDFWV�
ZLWK�WKH�VRIW�SDODWH�LQ�FRPSOH[�ZD\V�WR�SURGXFH�XYXODU�VRXQGV��VXFK�DV�WKH�UKRWLF�VRXQGV�LQ�
)UHQFK�RU�*HUPDQ���WKLV�FRPSOH[�LQWHUDFWLRQ�ZLOO�EH�GLVFXVVHG�LQ�WKH�IROORZLQJ�VHFWLRQ�RQ�
WKH�VRIW�SDODWH��7KH�WRQJXH�URRW�OLNHZLVH�XVHV�LWV�RZQ�PHFKDQLVPV�WR�PRYH�DQWHURSRVWHULRUO\�
�IRUZDUGV�DQG�EDFNZDUGV��WKURXJK�FRPELQDWLRQV�RI�LQWULQVLF�UHVKDSLQJ�DQG�DV�SDUW�RI�PRUH�
general constriction maneuvers of the pharynx.

&RQVLGHULQJ�WKH�PHFKDQLFV�RI�WKH�WRQJXH�LQ�WKLV�OLJKW��LWV�IXQFWLRQ�ORRNV�OHVV�OLNH�WKDW�RI�D�
IUHH�ÀRDWLQJ�WHQWDFOH�DQG�PRUH�OLNH�D�VHW�RI�GLIIHUHQW�±�DQG�WLJKWO\�FRQVWUDLQHG�±�ORFDO�PHFKD-
QLVPV��VRPH�RI�ZKLFK�DFW�OLNH�³YDOYHV´��(GPRQGVRQ�DQG�(VOLQJ��������RU�VSKLQFWHUV��*LFN�
HW�DO�������F���$V�ZLWK�WKH�OLSV��HDFK�VXFK�ORFDOLW\�PD\�EH�DVVRFLDWHG�ZLWK�D�VPDOO�QXPEHU�
of dedicated neuromuscular modules, with the number depending on how many degrees of 
IUHHGRP��L�H���KRZ�PDQ\�GLVWLQFW�FRQ¿JXUDWLRQV��QHHG�WR�EH�H[SORLWHG�DW�WKDW�ORFDWLRQ�WR�UHDO-
ize a particular language’s phonetic inventory.

Soft Palate

7KH�VRIW�SDODWH��DOVR�UHIHUUHG�WR�LQWHUFKDQJHDEO\�DV�WKH�YHOXP��DFWV�DV�WKH�SULPDU\�³JDWH-
NHHSHU´�VHSDUDWLQJ� WKH�RUDO��QDVDO��DQG�SKDU\QJHDO�FDYLWLHV��'LIIHUHQW�SDUWV�RI� WKLV�KLJKO\�
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ÀH[LEOH�VWUXFWXUH�DUH�UHVSRQVLEOH�IRU�FRQWUROOLQJ�WKH�YHORSKDU\QJHDO�SRUW��933��WKH�SDVVDJH-
ZD\�EHWZHHQ�WKH�QDVDO�DQG�SKDU\QJHDO�FDYLWLHV��DQG�WKH�RURSKDU\QJHDO�LVWKPXV��23,��WKH�
SDVVDJHZD\�EHWZHHQ�WKH�RUDO�DQG�SKDU\QJHDO�FDYLWLHV���7KLV�GLYLVLRQ�RI�FDYLWLHV�E\�WKH�VRIW�
palate is illustrated in )LJXUH����. In speech, the soft palate is sometimes characterized as 
IXQFWLRQLQJ�OLNH�D�³WUDSGRRU�´�ZKLFK�FDQ�DGRSW�RQH�RI�WZR�SRVLWLRQV��UDLVHG�RSHQ��WR�SURGXFH�
nasal sounds, or lowered/closed, to produce oral sounds; it is thus involved in creating both 
WKH�RUDO�QDVDO�GLVWLQFWLRQ��DV�LQ��G��YV���Q��RU��D��YV���m���DQG�LQ�LQWHUIDFLQJ�ZLWK�WKH�WRQJXH�WR�
form uvular constrictions for sounds such as /q/, /n/ or /r/��)XMLPXUD�DQG�/LQGTYLVW��������

The trapdoor model, however, does not account for the dual functions of the soft pal-
ate/velum as a simultaneously nasal and oral articulator. That is, if this structure can only 
be raised or lowered trapdoor-style, how can it participate in synchronous constrictions of 
WKH�23,�DQG�933"�7KH�DQVZHU�OLHV�LQ�WKH�FRPSOH[�VWUXFWXUH�DQG�IXQFWLRQ�RI�WKH�VRIW�SDODWH�
�VKRZQ�LQ�)LJXUH�������7KHVH�WZR�GLVWLQFW�IXQFWLRQV��FORVLQJ�WKH�933�WR�FUHDWH�RUDO�VRXQGV�
DQG�LQWHUDFWLQJ�ZLWK�WKH�WRQJXH�GRUVXP�WR�PDNH�YDULRXV�XYXODU�FRQVWULFWLRQV�IRU�VRXQGV�VXFK�
DV�WKH�(QJOLVK��Z��RU�WKH�)UHQFKݓ�����DUH�UHDOL]HG�XVLQJ�LQGHSHQGHQWO\�FRQWUROODEOH�SDUWV�RI�
WKH�VRIW�SDODWH��6SHFL¿FDOO\��;�UD\�UHVHDUFK�KDV�VKRZQ�WKDW��ZKLOH�WKH�XSSHU�SRUWLRQ�RI�WKH�
VRIW�SDODWH�KROGV�WKH�933�FORVHG��WKH�ORZHU�SRUWLRQ��WKH�³YHLO´�RU�³WUDYHUVH´�WKDW�KDQJV�GRZQ�
LQ�WKH�EDFN�RI�WKH�PRXWK��WHUPLQDWLQJ�ZLWK�WKH�XYXOD��IXQFWLRQV�LQGHSHQGHQWO\�IURP�WKH�UHVW�
RI�WKH�VRIW�SDODWH��EHQGLQJ�WRZDUG�WKH�WRQJXH�WR�IRUP�WKH�XYXODU�FRQVWULFWLRQ�IRU�)UHQFKݓ����

Figure 5.7 Midsagittal view of velopharyngeal port (VPP) and oropharyngeal isthmus (OPP) 
separated by the soft palate.

Source: Adapted from an image by Patrick J. Lynch, medical illustrator (CC BY 2.5 [http://creativecommons.
org/licenses/by/2.5]), via Wikimedia Commons.

http://creativecommons.org
http://creativecommons.org
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�*LFN�HW�DO�������������D���&RQVLGHULQJ�LWV�GLVWLQFW�VWUXFWXUH�DQG�IXQFWLRQ�±�DQG�WKH�HW\PRO-
RJ\�RI�WKH�WHUP�³YHOXP´��/DWLQ�³YHLO´��±�LW�ZRXOG�PDNH�VHQVH�WR�UHVHUYH�WKH�WHUP�³YHOXP´�WR�
UHIHU�H[FOXVLYHO\�WR�WKH�YHLO�OLNH�VWUXFWXUH�WKDW�GHVFHQGV�WR�LQWHUDFW�ZLWK�WKH�WRQJXH�WR�IRUP�
³YHODU´�VRXQGV�

An important lesson about articulatory phonetics that is perhaps most clearly demon-
VWUDWHG�E\�WKH�YHOXP�LV�WKDW�GLIIHUHQW�VSHDNHUV�FDQ�XVH�GLIIHUHQW�±�VRPHWLPHV�GUDPDWLFDOO\�
GLIIHUHQW�±�PHFKDQLVPV�IRU�DFKLHYLQJ�VLPLODU�RXWFRPHV��:HOO�NQRZQ�REVHUYDWLRQV�RI� WKLV�
NLQG�KDYH�EHHQ�PDGH�DERXW�QRQ�YHODU�VRXQGV��VXFK�DV�FDWHJRULFDO�YDULDQWV�RI��U���H�J���6WDY-
QHVV�HW�DO���������DQG��V���'DUW���������6LPLODUO\��WKH�FORVXUH�RI�WKH�933�KDV�EHHQ�VKRZQ�WR�EH�
DFKLHYHG�LQ�RQH�RI�IRXU�GLVWLQFW�ZD\V��%LDYDWL�HW�DO����������DV�LOOXVWUDWHG�LQ�)LJXUH����. Just 
RYHU�KDOI�RI�SHRSOH�DUH�IRXQG�WR�FORVH�WKH�933�ZLWK�D�UHODWLYHO\�VLPSOH�UDLVLQJ��³WUDSGRRU´��
method where the velum raises mainly through constriction of the levator palati muscle, 
lifting the velum to the pharyngeal wall to close off the passageway; roughly 20% of people 
use not only the levator palati but also squeeze the VPP from the sides using the superior 
SKDU\QJHDO� FRQVWULFWRU�PXVFOH�� D� IXUWKHU� ��±����RI�SHRSOH� DGG� LQ� FRQVWULFWLRQ� IURP� WKH�
Passavant’s Ridge in the pharyngeal wall to provide constriction from all four directions; 
¿QDOO\��D�VPDOO�SHUFHQWDJH�RI�SHRSOH�FORVH�RQO\�ODWHUDOO\�XVLQJ�WKH�VXSHULRU�SKDU\QJHDO�FRQ-
strictor. Thus, distinct modules are not only important for describing different functions, but 
also for describing the various mechanisms individuals use to perform similar functions.

,Q�WKH�PRVW�ZLGHO\�DWWHVWHG�933�FORVXUH�PHFKDQLVP��)LJXUH����D���D�GLVWLQFWLYH�³KXPS´�
is formed in the central posterior region of the velum, assisting in VPP closure. This hump 
LV�RQH�H[DPSOH�RI�KRZ�WKH�VRIW�SDODWH�IXQFWLRQV�PRUH�OLNH�D�FRPSOH[��WRQJXH�OLNH�VWUXFWXUH�
WKDQ� OLNH� D� VLPSOH� WUDSGRRU��8VLQJ� FRPSXWHG� WRPRJUDSK\� �&7�� DQG�PDJQHWLF� UHVRQDQFH�
LPDJLQJ��05,��VFDQV��6HUUXULHU�DQG�%DGLQ��������EXLOW�D�WKUHH�GLPHQVLRQDO�UHFRQVWUXFWLRQ�
of the soft palate that clearly shows the soft palate undergoing this intrinsic reshaping, appar-
ently using intrinsic muscles to raise and retract the soft palate towards the rear pharyngeal 
ZDOO��6XEVHTXHQW�VLPXODWLRQ�VWXGLHV��$QGHUVRQ�HW�DO���������VKRZ�WKDW�LW�LV�FRPSUHVVLRQ�RI�
WKH�LQWULQVLF�SRUWLRQ�RI�WKH�OHYDWRU�YHOL�SDODWLQL��/93��PXVFOH�WKDW�K\GURVWDWLFDOO\�SURGXFHV�
WKLV�FKDUDFWHULVWLF�SDODWDO�KXPS��YLVLEOH�LQ�Figure 5.9���VLPLODU�WR�KRZ�WKH�WRQJXH�UDLVHV�WR�
SURGXFH�D�SDODWDO�RU�GRUVDO�FRQVWULFWLRQ�IRU�VRXQGV�VXFK�DV�>M@�RU�>N@�

2XU�NQRZOHGJH�RI�WKH�PXVFOHV�LQYROYHG�LQ�VRIW�SDODWH�FRQWURO�KDV�H[SDQGHG�FRQVLGHU-
ably in recent years through the use of computer simulations. Simulations are an important 
WRRO�IRU�XQGHUVWDQGLQJ�D�VWUXFWXUH�WKDW�LV�VR�GLI¿FXOW�WR�REVHUYH�LQ�DFWLRQ�XVLQJ�VWDQGDUG�
imaging techniques. Simulations such as the one shown in Figure 5.9 start with a detailed 
UHFRQVWUXFWLRQ�RI�WKH�WKUHH�GLPHQVLRQDO�JHRPHWU\��VKDSH��RI�ERQHV��FDUWLODJH��OLJDPHQWV��

Figure 5.8 Variation in VPP closure: A. simple raising (“trapdoor”) method; B. raising + lat-
eral compression; C. raising + lateral compression + Passavant’s Ridge; D. lateral compression 
only. Image by R. Taylor.
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muscles, and other structures based on available medical image data from sources such 
DV�FU\RVHFWLRQ��&7�DQG�05,��WKH�UHVXOWLQJ�UHFRQVWUXFWHG�VWUXFWXUHV�DUH�WKHQ�EURNHQ�LQWR�
smaller elements that are assigned properties such as elasticity and stiffness based on 
NQRZQ�PDWHULDO� SURSHUWLHV��6LPXODWLRQV�EXLOW� IURP� WKHVH� VWUXFWXUHV� FDQ� WKHQ�EH�XVHG� WR�
predict how, for example, contracting a particular muscle might modify the shape of that 
PXVFOH� DQG� VXUURXQGLQJ� VWUXFWXUHV� �VHH�� H�J���$QGHUVRQ� HW� DO��� ������*LFN� HW� DO��� �������
&RPSXWHU�VLPXODWLRQV�RI�WKH�23,�KDYH�DOVR�VKRZQ�WKDW��DV�ZLWK�WKH�OLSV��GLIIHUHQW�VL]HV�DQG�
types of constrictions are produced using qualitatively different mechanisms, implying 
GLVWLQFW� QHXURPXVFXODU�PRGXOHV��*LFN� HW� DO�¶V�� ������� VLPXODWLRQ�� IRU� H[DPSOH�� VKRZHG�
KRZ�WKH�VRIW�SDODWH�LV�DQ�DFWLYH�FRQWULEXWRU�WR�PDNLQJ�XYXODU�VRXQGV��ZLWK�ODUJHU�DUHD�23,�
FRQVWULFWLRQV��VXFK�DV�WKRVH�IRU��X��RU��Z���SURGXFHG�XVLQJ�D�PHFKDQLVP�GHSHQGLQJ�PDLQO\�
RQ�WKH�DFWLRQ�RI�WKH�SDODWRJORVVXV�PXVFOH��ZKLOH�VPDOOHU�DUHD�FRQVWULFWLRQV��VXFK�DV�WKRVH�
IRU�XYXODU�IULFDWLYHV��HPSOR\�D�VWUDWHJ\�FRPELQLQJ�ERWK�SDODWRJORVVXV�DQG�SDODWRSKDU\Q-
JHXV�� ZKLFK� WRJHWKHU� IRUP� D� ³VOLQJ´� HIIHFW� WKDW� QDUURZV� WKH�23,� DV� LW� SXOOV� WKH� YHOXP�
toward the tongue.

Far from resembling a simple trapdoor, the soft palate/velum can be seen to exhibit the 
same qualitative properties as the tongue, with functionally independent substructures, 
HVVHQWLDO�VSHHFK�DQG�QRQ�VSHHFK�UROHV�LQ�PXOWLSOH�YRFDO�WUDFW�FDYLWLHV��RUDO��QDVDO��DQG�SKDU-
\QJHDO��� D� KLJK� GHJUHH� RI� VSHDNHU�VSHFL¿F� YDULDWLRQ�� GLVWLQFW� IXQFWLRQV� IRU� LQWULQVLF� DQG�
extrinsic musculature, hydrostatic control of shape, and modular neuromuscular organiza-
tion. These properties enable the soft palate to participate in producing nearly every sound 
in the languages of the world.

Figure 5.9 Computer simulation of posterior oblique views of soft palate, in relaxed (left) and 
raised/humped (right) position. The extrinsic portion of LVP muscles are shown as lines extend-
ing from the top corners of the soft palate. A horizontal gray intersect line roughly distinguishes 
the lower veil/velum portion from the rest of the soft palate, while a black line traces the mid-
sagittal plane, highlighting the contour of the hump.

Source: Figure adapted by R.C. Taylor and Yadong Liu from images generated by P. Anderson using ArtiSynth 
(www.artisynth.org).

http://www.artisynth.org


Articulatory phonetics

119

Larynx

If there is any structure in the body that has a range and complexity of motion to rival the 
tongue, it is the larynx. While laryngeal phonetics has traditionally concentrated on the vocal 
folds, which act as the primary noise source for most speech vocalizations, a fuller picture of 
WKH�ODU\Q[�PXVW�LQFOXGH�QRW�MXVW�WKH�YRFDO�IROGV�EXW�DOVR�WKH�HSLODU\Q[��ZKLFK�HQFRPSDVVHV�
WKH�HSLJORWWLV�DQG�WKH�DU\HSLJORWWLF�IROGV��VHH�0RLVLN���������'LIIHUHQW�ODU\QJHDO�VWDWHV��RU�
VWDWHV�RI�WKH�JORWWLV��(VOLQJ���������KDYH�RIWHQ�EHHQ�GHVFULEHG�DV�RFFXUULQJ�RQ�D�FRQWLQXXP�
RI�JORWWDO�FORVXUH��IURP�RSHQ�WR�FORVHG��*RUGRQ�DQG�/DGHIRJHG��������/DGHIRJHG��������

���� >RSHQ@�YRLFHOHVV�±�EUHDWK\�±�PRGDO�±�FUHDN\�±�JORWWDO�FORVXUH�>FORVHG@

7KH�LQWHUSUHWDWLRQ�LQ�����VXJJHVWV� WKDW� WKH�ODU\Q[�LV�FRQWUROOHG�E\�D�VLQJOH�³RSHQLQJ�FORV-
LQJ´�PHFKDQLVP�WKDW�SURGXFHV�GLIIHUHQW�RXWSXWV�E\�DFWLYDWLQJ�WR�GLIIHUHQW�GHJUHHV��,I� WKLV�
were correct, it would run counter to a modular approach. Note that, under this “single 
PHFKDQLVP´�YLHZ��WKH�PRVW�ZLGHO\�DWWHVWHG�W\SH�RI�SKRQDWLRQ�±�PRGDO�YRLFH�±�HPSOR\V�D�
SRWHQWLDOO\�OHVV�VWDEOH�LQWHUPHGLDWH�VWDWH�DORQJ�D�PHFKDQLFDO�FRQWLQXXP�RI�WKLV�NLQG��WKLQN�
of a light switch, with stable XS and down�³HQG�VWDWH´�SRVLWLRQV�DW�HLWKHU�HQG�RI�LWV�PRWLRQ��
EXW�ZLWK�DQ\�QXPEHU�RI�OHVV�VWDEOH�SRVLWLRQV�LQ�EHWZHHQ��

&RQWUDU\� WR� WKLV� YLHZ�� ODU\QJRVFRSLF� HYLGHQFH� �(VOLQJ�� ������ VXJJHVWV� WKDW� HDFK� VWDWH�
DORQJ�WKH�DSSDUHQW�FRQWLQXXP�LV�SURGXFHG�E\�D�TXLWH�GLVWLQFW�PHFKDQLVP��(VOLQJ�DQG�+DUULV��
������0RLVLN�DQG�(VOLQJ���������VLPLODU� WR� WKRVH�GHVFULEHG�HDUOLHU� IRU� WKH�VXSUDODU\QJHDO�
articulators. These mechanisms may map to some degree onto the structures Edmondson 
DQG�(VOLQJ��������WHUP�³YDOYHV�´�0RLVLN�DQG�*LFN��������DWWULEXWH�WKHVH�GLVWLQFW�ODU\QJHDO�
PHFKDQLVPV� WR� WKH� DFWLRQV�RI� GLIIHUHQW�PXVFOH� JURXSLQJV�� HDFK�RI�ZKLFK� LV� EXLOW� WR� WDNH�
DGYDQWDJH�RI�D�VWDEOH�³VZHHW�VSRW´� LQ� ODU\QJHDO�ELRPHFKDQLFV��%\�VLPXODWLQJ� WKH�DFWLRQV�
RI�D�QXPEHU�RI�WKHVH�VWUXFWXUHV��WKH\�¿QG�WKDW�HDFK�JHQHUDWHV�D�GLIIHUHQW�UHOLDEOH�RXWFRPH�
corresponding to a different speech sound, producing such varied output states as modal 
YRLFH�� FUHDN\� YRLFH�� JORWWDO� VWRS�� DQG� DU\HSLJORWWR�HSLJORWWDO� IULFDWLYH��7KXV�� HDFK� GLIIHU-
ent degree of laryngeal aperture is the output of a distinct module rather than of gradual 
¿QH�DGMXVWPHQWV�LQ�DSHUWXUH��VR�WKDW�HYHU\�ODU\QJHDO�VWDWH�PD\�EH�YLHZHG��ERWK�LQ�WHUPV�RI�
GHVFULSWLRQ�DQG�SRWHQWLDO�VWDELOLW\��DV�DQ�³HQG�VWDWH´�DORQJ�LWV�RZQ�FRQWLQXXP��,Q�WKLV�ZD\��
³JORWWDO´�VRXQGV�DUH�GHVFULEHG�KHUH�LQ�WKH�VDPH�WHUPV�DV�DQ\�RWKHU�ODU\QJHDO�DQG�VXSUDODU\Q-
JHDO�VRXQGV��7R�JLYH�DQ�H[DPSOH��0RLVLN�DQG�*LFN��������VKRZ�WKDW�WKH�YHQWULFXODU�IROGV�
are involved in producing a reinforced version of a glottal stop. Rather than relying simply 
on the true vocal folds for the closure, the ventricular folds act as a mass that supports the 
FORVXUH�DQG�GDPSHQV�WKH�YLEUDWLRQ�RI� WKH� WUXH�IROGV��OLNH�D�KDQG�UHVWLQJ�RQ�D�KDQGEHOO� WR�
VWRS�LWV�ULQJLQJ���7KLV�YLHZ�RI�WKH�ODU\Q[�LV�DQDORJRXV�WR�RXU�HDUOLHU�GHVFULSWLRQ�RI�WKH�ODELDO�
VRXQGV��ZKLFK�UHVXOW�IURP�GLVFUHWH�DUWLFXODWRU\�FRQ¿JXUDWLRQV�DV�RSSRVHG�WR�GHJUHHV�DORQJ�
D�FRQWLQXXP��7KH�SK\VLFDO�VWDELOLW\�RI�HDFK�RI�WKHVH�VWDWHV�LV�ZKDW�DOORZV�VSHDNHUV�WR�DFFX-
UDWHO\�SURGXFH�D�VSHFL¿F�DUWLFXODWRU\�FRQ¿JXUDWLRQ�WLPH�DQG�DJDLQ�LQ�UDSLG�VSHHFK�

7KH�ODU\Q[�LV�XQOLNH�WKH�RWKHU�VWUXFWXUHV�ZH�KDYH�REVHUYHG�LQ�WKDW�LW�SURYLGHV�DQ�H[FHS-
WLRQ�WR�WKLV�³PHFKDQLFDO�HQGSRLQW´�FRQWURO�W\SH�ZKHQ�LW�LV�LQYROYHG�LQ�RQH�SDUWLFXODU�DFWLYLW\��
LQVSLUDWLRQ��0RLVLN�DQG�*LFN��������¿QG�WKDW��XQOLNH�WKH�YRFDO�IROG�DEGXFWLRQ�WKDW�LV�XVHG�IRU�
speech sounds such as /h/ and plosive aspiration, the wider abduction used for inspiration 
operates in a variable, scalar way. That is, the more muscle activation that is used to open 
WKH�YRFDO�IROGV��WKH�ZLGHU�WKH\�RSHQ��LQ�D�PRUH�RU�OHVV�OLQHDU�UHODWLRQVKLS��7KLV�ÀH[LELOLW\�LQ�
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GHJUHH�RI�JORWWDO�RSHQLQJ�IRU�LQVSLUDWLRQ�DOORZV�WKH�ERG\�WR�WDNH�LQ�H[DFWO\�DV�PXFK�R[\JHQ�
DV�QHHGHG�IURP�RQH�EUHDWK�WR�DQRWKHU�±�DQ�HVVHQWLDO�SURSHUW\�IRU�VXUYLYDO��7KH�RQO\�VSHFL¿-
cally speech-related function that appears to possibly share this property of variable control 
LV�SLWFK��0RLVLN�HW�DO���������� WKRXJK�IXUWKHU�UHVHDUFK�LV�QHHGHG�WR�GHWHUPLQH�WKH�PHFKD-
QLVPV�XVHG�E\�SRSXODWLRQV�DGHSW�DW�SURGXFLQJ�D�VSHFL¿F�SLWFK�WDUJHW��VXFK�DV�SURIHVVLRQDO�
VLQJHUV�DQG�VSHDNHUV�RI�WRQH�ODQJXDJHV�

Putting articulations together

The previous sections have focused on identifying the basic structures and movements that 
PDNH�XS�VSHHFK��+RZHYHU��GHVFULELQJ�LQGLYLGXDO�PRYHPHQWV�LV�RI�FRXUVH�LQVXI¿FLHQW�IRU�D�
PRGHO�RI�KRZ�VSHHFK�ZRUNV��DV�HYHQ�WKH�VLPSOHVW�XWWHUDQFHV�FRPELQH�VWULQJV�RI�PXOWLSOH�
RYHUODSSLQJ�DFWLRQV��&RDUWLFXODWLRQ�±�KRZ�RYHUODSSLQJ�VSHHFK�PRYHPHQWV�LQWHUDFW�ZLWK�RQH�
DQRWKHU�±�PXVW�WKXV�EH�D�FHQWUDO�SDUW�RI�D�FRPSOHWH�PRGHO�RI�VSHHFK�

-RRV��������SURSRVHG�DQ�HDUO\�HPERGLHG�PRGHO�RI�FRDUWLFXODWLRQ�LQ�ZKLFK�KH�GHVFULEHG�
local interactions between speech movements as the outputs of neurally mediated combina-
tions of overlapping muscle activations. Joos argued that speech movements can be thought 
of as basically additive, but that the brain is needed to mediate such interactions to handle 
the complexity of coarticulation. The even-more-basic idea of unmediated additive muscle 
activations in motor control has since gained currency in the neurophysiology literature with 
%L]]L�HW�DO�¶V���������GLVFRYHU\�RI�³VXSHUSRVLWLRQ´�RI�PXVFOH�DFWLYDWLRQV�LQ�VSLQDOL]HG�IURJV��
They show that overlapping movements can combine through simple addition of muscle 
activations, unmediated by higher structures in the nervous system. In this way, activations 
FRPELQH�LQ�GLIIHUHQW�SURSRUWLRQV�WR�SURGXFH�D�ODUJH�YDULHW\�RI�PRYHPHQWV��6XEVHTXHQW�ZRUN�
on humans has shown that, thus combined, only a half-dozen or so superposed modules 
DUH�QHHGHG�WR�GHVFULEH�D�ZLGH�UDQJH�RI�DFWLRQV�RI�WKH�DUP��'¶$YHOOD�HW�DO����������WKH�KDQG�
�2YHUGXLQ���������RU�HYHQ�FRPSOH[�ZKROH�ERG\�SRVWXUHV��7RUUHV�2YLHGR�DQG�7LQJ���������
This same mechanism has been proposed as a basis for combining speech movements in 
FRDUWLFXODWLRQ��*LFN�DQG�6WDYQHVV��������

6RPH�OLPLWHG�ZRUN�KDV�EHHQ�GRQH�WRZDUG�WHVWLQJ�ZKHWKHU�VXSHUSRVLWLRQ�LV�D�SODXVLEOH�
ZD\� WR�PRGHO�FRDUWLFXODWLRQ��*LFN�DQG�FROOHDJXHV� �����E��XVHG�ELRPHFKDQLFDO�PRGHOLQJ�
WR�WHVW�VXSHUSRVLWLRQ�WKURXJK�VLPXODWLRQV�RI�FRDUWLFXODWRU\�LQWHUDFWLRQV�LQ�9&9�VHTXHQFHV��
&RPSDULQJ� WKHVH� VLPXODWLRQ� UHVXOWV� ZLWK� HOHFWURPDJQHWLF� DUWLFXORPHWU\� �(0$�� UHVXOWV�
UHSRUWHG�E\�5HFDVHQV�DQG�(VSLQRVD��������UHVXOWHG�LQ�FKDUDFWHULVWLF�SDWWHUQV�RI�FRDUWLFXOD-
tion, obtained simply by temporally overlapping activations for canonical consonants and 
YRZHOV��2Q�WKH�VXUIDFH�� WKHVH�FRDUWLFXODWRU\�SDWWHUQV�FDQ�DSSHDU�YHU\�FRPSOH[��1RW�RQO\�
GR�VRXQGV�FRDUWLFXODWH�ZLWK�RQH�DQRWKHU�GLIIHUHQWO\�XQGHU�GLIIHUHQW�FRQGLWLRQV��DW�YDU\LQJ�
VSHHFK�UDWHV��IRU�H[DPSOH���EXW�HDFK�VHJPHQW�DOVR�VHHPV�WR�IROORZ�LWV�RZQ�UXOHV�RI�FRDUWLFX-
ODWLRQ��ZLWK�VRPH�VHJPHQWV�GHVFULEHG�DV�PRUH�³UHVLVWDQW´�WR�FRDUWLFXODWRU\�HIIHFWV��RU�PRUH�
³DJJUHVVLYH´�LQ�H[HUWLQJ�WKHLU�FRDUWLFXODWRU\�HIIHFWV�RQ�QHDUE\�VHJPHQWV��H�J���%ODGRQ�DQG�
$O�%DPHUQL��������)RZOHU�DQG�%UDQFD]LR��������

,W�KDV�RIWHQ�EHHQ�REVHUYHG�WKDW� WKHVH�WZR�SURSHUWLHV�RI�FRDUWLFXODWLRQ�±�UHVLVWDQFH�DQG�
DJJUHVVLYHQHVV� ±� DUH� SRVLWLYHO\� FRUUHODWHG� �H�J��� )DUQHWDQL�� ������ )RZOHU� DQG� 6DOW]PDQ��
������5HFDVHQV�HW�DO���������5HFDVHQV�DQG�(VSLQRVD���������,Q�ELRPHFKDQLFDO�WHUPV��WKLV�
FRUUHODWLRQ�LV�QRW�VXUSULVLQJ��%RWK�³UHVLVWDQFH´��L�H���WKH�H[WHQW�WR�ZKLFK�D�PRYHPHQW�PD\��
RU�PD\�QRW��EH�SHUWXUEHG�LQ�UHVSRQVH�WR�DQRWKHU�PRYHPHQW��DQG�³DJJUHVVLYHQHVV´��L�H���WKH�
H[WHQW�WR�ZKLFK�D�PRYHPHQW�SHUWXUEV�RWKHU�PRYHPHQWV��DUH�GLUHFW�IXQFWLRQV�RI�WKH�VWLIIQHVV�
DVVRFLDWHG�ZLWK�HDFK�RI�WKH�RYHUODSSLQJ�PRYHPHQWV�±�DQG�YDULDEOH�VWLIIQHVV�LQ�WKH�ERG\�LV�
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D�IXQFWLRQ�RI�PXVFOH�DFWLYDWLRQ��7KXV��D�PRYHPHQW�WKDW�HPSOR\V�PRUH�PXVFOH�DFWLYDWLRQ�±�
SDUWLFXODUO\�LQWULQVLF�PXVFOH�DFWLYDWLRQ�±�FDXVHV�DQ�LQFUHDVH�LQ�VWLIIQHVV��ZKLFK�ZLOO�HIIHFW�DQ�
LQFUHDVH�LQ�ERWK�³UHVLVWDQFH´�DQG�³DJJUHVVLYHQHVV´�LQ�FRDUWLFXODWLRQ��5HFDVHQV�DQG�(VSLQRVD�
�������REVHUYH�WKDW�SDODWDO�VHJPHQWV�H[KLELW�ERWK�LQFUHDVHG�UHVLVWDQFH�DQG�LQFUHDVHG�DJJUHV-
siveness in their coarticulatory relations. Because of the absence of extrinsic muscles in the 
anterior mouth, palatal sounds have often been associated with comparatively high levels 
RI�LQWULQVLF�PXVFOH�DFWLYDWLRQ��H�J���6WDYQHVV�HW�DO����������:KLOH�WKLV�LQWULQVLF�VWLIIQHVV�SRV-
sibility remains to be more fully tested, an embodied approach offers a testable path forward 
WRZDUGV�D�GHHSHU�XQGHUVWDQGLQJ�RI�KRZ�VSHHFK�VRXQGV�ZRUN�WRJHWKHU�

An embodied approach to coarticulation treats instances of superposition the same, irre-
spective of the timescale of overlap. Thus, as muscle activations can be maintained over 
ORQJ�SHULRGV�RI�WLPH��DV�LQ�WKH�WRQLF�DFWLYDWLRQV�XVHG�LQ�FRQWUROOLQJ�ERG\�SRVWXUH���ZH�FDQ�
construe any case of basic coarticulation as superposition, whether it appears to occur locally 
�DV�ZLWK�LPPHGLDWHO\�DGMDFHQW�VSHHFK�VRXQGV���QRQ�ORFDOO\��DV�ZLWK�WKH�ORQJ�GLVWDQFH�LQWHU-
DFWLRQV�REVHUYHG�LQ�KDUPRQ\�V\VWHPV���RU�JOREDOO\��DV�ZLWK�DUWLFXODWRU\�VHWWLQJV��ZKHUH�D�
VHWWLQJ�PD\�DIIHFW�HYHU\�VRXQG�LQ�D�ODQJXDJH��VHH�*LFN�HW�DO����������2I�FRXUVH��WKH�H[WHQW�WR�
ZKLFK�DQ\�LQVWDQFH�RI�FRDUWLFXODWLRQ�PD\�EH�VHHQ�DV�³EDVLF´�LV�QRW�NQRZQ��EXW�DV�WHFKQRORJ\�
KDV�PDGH�WKHVH�SURSRVDOV�WHVWDEOH��IXWXUH�ZRUN�ZLOO�HQDEOH�UHVHDUFKHUV�WR�XQFRYHU�WKH�H[WHQW�
to which additional factors come into play in determining the patterns of coarticulation in 
VSHHFK��,W�LV�OLNHZLVH�SRVVLEOH�WR�FRQVWUXH�RWKHU�OLQJXLVWLF�VWUXFWXUHV�VXFK�DV�WKH�V\OODEOH�DV�
being governed by the same basic principles of overlapping elements, as with other cases of 
coarticulation, provided these principles are accompanied by a theory specifying the relative 
timing of elements. Superposition with non-speech actions may also be captured using this 
DSSURDFK��DV�ZLWK�WDONLQJ�ZKLOH�FKHZLQJ�RU�VPLOLQJ���SURYLGLQJ�D�XQL¿HG�PRGHO�IRU�LQWHUDF-
tions both within and between speech and non-speech movements. This approach suggests 
that the built-in mechanics of the human body can go a long way towards handling local 
FRDUWLFXODWRU\� LQWHUDFWLRQV� LQ�ZD\V� WKDW�PD\� ORRN�TXLWH� FRPSOH[�RQ� WKH� VXUIDFH��ZLWKRXW�
UHIHUHQFH�WR�DGYDQFH�SODQQLQJ��FRQWH[WXDO�LQIRUPDWLRQ�RU�H[WULQVLF�PRGHOV�±�LQGHHG��ZLWK�QR�
VSHFL¿HG�PRGHO�RI�FRDUWLFXODWLRQ�DW�DOO�

Conclusion

:KLOH�WKHUH�LV�D�SHUHQQLDO�DSSHDO�WR�ORRNLQJ�IRU�DQVZHUV�WR�TXHVWLRQV�DERXW�VSHHFK�DQG�ODQ-
guage in the brain, every speech sound we produce is necessarily the result of the moving 
ERG\��+XPDQV�DUH�DEOH�WR�SURGXFH�PDQ\�RI�RXU�PRVW�FRPSOH[�YRFDO�WUDFW�EHKDYLRUV��H�J���
VZDOORZLQJ��YRFDOL]LQJ��VXFNOLQJ��EUHDWKLQJ��DW�ELUWK�ZLWKRXW�H[SHULHQFH�EH\RQG�WKH�ZRPE��
and indeed without a brain above the brainstem, as evidenced by studies of anencephalic 
QHZERUQV� �5DGIRUG� HW� DO��� ������� 6XFK� REVHUYDWLRQV� UHYHDO� LQ� YLYLG� WHUPV� WKH� GHJUHH� WR�
which the biomechanical and neural structures needed for complex vocal tract action appear 
to be built into the body, as is the case with other functions that are present from birth, such 
DV�ORFRPRWLRQ��'RPLQLFL�HW�DO����������,W�KDV�ORQJ�EHHQ�DUJXHG�WKDW�HPERGLHG�VWUXFWXUHV�RI�
WKLV�NLQG�DUH�WKH�EDVLV�QRW�MXVW�RI�UHÀH[LYH�PRYHPHQW��EXW�RI�DOO�YROLWLRQDO�PRYHPHQW�±�WKDW�
LV��WKDW�WKHVH�DUH�WKH�RQO\�FRQWUROODEOH�GLVFUHWH�³ERG\�SDUWV´�RXU�QHUYRXV�V\VWHPV�FDQ�HPSOR\�
�H�J���(DVWRQ���������&DVWLQJ�VSHHFK�EHKDYLRU�LQ�WHUPV�RI�WKHVH�ERG\�EDVHG�VWUXFWXUHV�RIIHUV�
UHVHDUFKHUV�QHZ�ZD\V�RI�DSSURDFKLQJ�VRPH�RI�WKH�GH¿QLQJ�SUREOHPV�RI�DUWLFXODWRU\�SKRQHW-
LFV��*LFN��������*LFN�DQG�6WDYQHVV��������

An apt model for speech sounds in such an embodied approach is not that we learn 
to control an inventory of sounds per se, but rather that we learn to build and control an 
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inventory of highly specialized body parts, each of which is constructed and optimized to 
VHUYH�D�VSHFL¿F�SKRQHWLF�IXQFWLRQ��3K\VLFDO�DUWLFXODWRUV�WKXV�FDQQRW�EH�GLYRUFHG�IURP�WKH�
WDVNV�WKH\�SHUIRUP��FRPELQLQJ�ERWK�UHSUHVHQWDWLRQ�DQG�DFWLRQ�LQWR�SULPLWLYHV�RI�WKH�VSHHFK�
V\VWHP�� ,GHQWLI\LQJ� WKH�PRYHPHQW� SULPLWLYHV� WKDW�PDNH� XS� WKLV� V\VWHP� KDV� EHHQ� D� FHQ-
tral enterprise in articulatory phonetics, where generations of phoneticians, phonologists, 
and speech researchers have described and cataloged in detail the minimal elements of the 
VSHHFK�PRWRU� V\VWHP�� WKLV� WUDGLWLRQ� FRQWUDVWV� VWDUNO\�ZLWK� WKDW� RI�PRYHPHQW� UHVHDUFK� LQ�
other areas, such as locomotion and posture, where primitives have been studied much less 
frequently, systematically, and comprehensively. This rich tradition in phonetics has grown 
out of the long-observed fact that humans have harnessed these physically stable movement 
SULPLWLYHV�WR�IRUP�WKH�EDVLV�RI�QDWXUH¶V�PRVW�FRPSOH[�FRPPXQLFDWLRQ�V\VWHP��7KH�¿HOG�RI�
articulatory phonetics thus deeply underlies theories of phonetics and phonology, speech 
evolution and acquisition, and sound change.
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Note

��� 1RWH�WKDW�PXVFOHV�WKDW�FRQWURO�WKH�MDZ��H�J���WHPSRUDOLV��PDVVHWHU��DUH�LQFOXGHG�KHUH�DV�WKHVH�PXV-
cles are important in determining lip position. As the role of the jaw as a primary articulator in 
DGXOW� VSHHFK� LV�FRQWURYHUVLDO� �VHH��H�J���5HGIRUG�DQG�YDQ�'RQNHODDU��������� WKH� MDZ�ZLOO�QRW�EH�
DGGUHVVHG�LQGHSHQGHQWO\�LQ�WKH�SUHVHQW�ZRUN�
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