The production of phonemes: 1
akinesiological description

by Gary S.Tong PARTS 5-6—MATRIX MECHANICS
THE SIMPLE VOWELSAND THE SIMPLE CONSONANTS

All phonemes, or more exactly, their nodes are initially created by the mergers in various
combinations of thethree primal phonemenodesh, nand m. Themergersaregenerated withinthe
framework of the 3 x 3 matrix and they take place at three levels. Thefirst level produces the
basic vowel sand basi ¢ (voi cel ess) consonants, while at the second level the nodes of these newly
emerged phonemes once more mergewith the primal phonemesand with oneanother. The second
level yieldsthe complex vowels (rounded, closed) and complex consonants (all voiced and all
remaining voiceless ones). The third level includes additional recombinations of complex
phonemesthat offer alternate arti cul ations of complex phonemes. This section describesthefir st
level generation.

The primal phonemes /h/, In/ and /m/, are self-standing and are not merged combinations of
other phonemes. They are the parents of all phonemes, of the highest rank in the phonemic

Thetoolsand processesof phoneme production mechanism are thefollowing elements: primal
nodes, primal presettings, andlocking, switchingand merger actionof nodeswithinthe3x3matrix.

5.1 First level mergers: simple vowels and simpleconsonants

First level phonemesinclude: thesimplevowels/i/, /al, and/u/, the voiceless stops/t/ and /k/, as
well as/n/, ln/ and /y/, plus/j/, Iwl, Il and /r/, (the latter four in this system being defined as
semivowels), all of which derivefrom various mergers of the primal phonemic nodes h, nand m.
Theseactionsare explainedin matricial mechanicsdescribed bel ow.

Exampleoffirstlevel processes. (seefig.1)
1. Theinitial setupat minimal energy level isabalancedframework.

2. Startingwitheither dorsal or ventral presettings, thereistheoption of whether theh or n orm node
will act asthe central stableanchor node. Infig. 1themnodeisstableand it islocated in the mid-
central cell of the3x3matrix.

3. Thisrearrangement creates an imbal ance of forces and the frame distortion generates equaliza-
tionmovement by theother twonodes. Theh nodemakesthefir st movetoequalizethedistortion.

4.Thesecond move, performed by then node compl etestheequalization. Thisisan either dorsally
orventrally directedtarget motionwhich producesthearticul ationframeof afirstlevel ssimplevowel,
whichinthiscaseis/a/. Observingthisprocessprovidesasolidbasisfor perceivingall further ones.

Generation of the various simple consonants and semivowelsisinitiated by different functional
rolesexecuted by the primal phonemes. Simpleconsonantsare produced withtheh nodeasstabiliz-
ing anchor and mastheactivenode. Theconverseholdsfor simplevowels. Whenm+nor h+nform
thestabletactivenodecombinations thentheresulting articul ationsarethose of thesemivowels/j/,
/wi,/1/andr/. Table5.2onpage2 givesasummary of firstlevel phonemeproduction.

1 Example of matricial phoneme generating process
1. initial balanced frame 2. initial frame distortion 3. first equalization 4. second equalization
m is centered h action n action
second
h h equalization
h first {n NI move by
n,m h/ nm ] m equalization”| h @ m) n node
motion ¥
/ of h node a
1 /
trinode 3 x 3 matrix active  stable
node node product
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5.2 GENERAL CHART OFFIRST LEVEL MERGERS

key:
- English /ng/ .
E. F:egnlcsh /gr?/ Simple vowels and consonants
Y - Arabic /gh/ Ventral primary setting Dorsal primary setting
parent nodes products parent nodes products
ﬂa&gdgtive axes* | vowel presetting | consonant presetting stabrllgda%tive axes* | consonant presetting | vowel presetting
oblique| oblique .
> i au a t kn g % t knng i augh
m h h m
true ok true
+ " ° + ° "
Semivowelsj /wand |l /r _ .
Ventral primary setting Dorsal primary setting
parent nodes products parent nodes products
stakgl]gdgcstive axes* | vowel presetting | consonant presetting stabrllgdgftive axes* | consonant presetting | vowel presetting
both . both ;
h n axes W j h n axes w J
BERE-- R | AERE-- AR |
parent nodes products parent nodes products
stabr?gdg?tive axes* | vowel presetting | consonant presetting stabrllgdggtive axes* | consonant presetting | vowel presetting
both . both .
m | N axes J y m N axes Y J
both both
n m | axes w Y n m | axes r
] ] ** Note: occupa
* Themovement axesinthematrix tion of acell by a
There are two distinct directions of nodal motionsin the matrix ;g?é;g?ﬁ;?ﬁe
along two sets of axes: true, or horizontal and vertical, and phoneme is
oblique, or diagonal in either di regtion. qucement of active produced in every
nodesfallsinto two types, along oblique (or diagonal) and true cell of the particular
(or horizontal and vertical) axes. This is an anatomically axial configuration.
determined faculty. When set in either configuration nodal
movement is efficient only along oblique or true directions. oblique true

Contrasting axial configurations produce different phonemesin
some cases, but not inothers.




Note on Table of First Level Mergers

Itisnotablethat at thisinitial level of mergers phonemes such thevowels/i/, /al, /u/, aswellsasthe neutral vowel and /y/
are sounds that also occur in modified forms in animal vocalization. The nodes of simple phonemes also show up in
mastication, although lack of phonation prevents their vocalization. The nodes /t/ and /k/ are the anterior and posterior
gates of the oral mastication chamber. The/j/ and /w/ nodes appear when food passes the velum and /m/ occurs preceding
deglutition. The simple vowel nodes /i/, /al, /ul are present in the mastication chamber. The /m/ node generates the
universal expression of taste appreciation. This situation explains the readiness with which vocalization or speech can be

entered by animalsand humanswhilefeeding.

5.3 The actionsof the primal nodesin the articulative matrix

Basic to the processes discussed here is a behavior
illustated in fig. 2. When one node is assigned
primacy, and is therefore the stable anchor of the
frame, then the remaining nodes appear in movement
paths within the envel ope surrounding the anchor and
the nodes can move in along those paths.

Theaction of thetrinodesin phoneme production can
be illustrated in two ways: in a matricial and in a
geometricformat.

The difference between the two modesliesin the fact
that there is a sequentia alternation in ongoing
activity by the intrinsic and extrinsic forces of the
tongue. Controlled action must be executed by an
agent and an antagonist interaction and it is these
opposing roles that take part in alternation.
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The actions of the primalnodes in the articulative matrix

Primal trinode at equilibrium, with

medial stabilizer anchoring (n).

The node (h) becomes stabilizing

n |mi anchor and moves to center of its

superimposes its frame.

With this frame in place node behaviors

change: the other two nodes move along

)

(e,

paths around the anchor node, moving
into the various matricial cells.

Specificaly, in thematricial aspect the prime agent, or anchor is the lingual node and its intrinsic muscular frame. In the
geometric aspect the prime agent is the extrinsic lingual muscular frame. Thus, in observing the actions of the two modes of
phoneme generation it is important (a) to work in the speech mode and framework, rather than in the respiratory or other
framework, and (b) todistinguishintrinsically and extrinsically initiated behaviors, figs. 3and 4.

matricial aspect geometric aspect

—

gt:\grllgr stable
agent 1 anchor
| [

extrinsic anchor intrinsic anchor

In the matricial aspect
the stable anchor is the
extrinsic frame and the
active agent is centra

node. extrinsicframe.

agent

In the geometric
aspect thestableanchor
isthe central node, and
the active agent is the

matricial aspect geometric aspect

within
the tongue

surrounding
< ‘ the tongue

Both the matricial and geometric frames
can be projected to appear either within the
tongue or surrounding it, that is, at different
sizes. Thisis dueto notions explained in the
section Phase Relations.




5.4 Matricial format:

Fig. 5 exemplifies consonantal
generation with the h node serving as
the central anchor. When this node
moves centrally the other nodes
adjust their positions to equalize the
framedistortion, movingintovarious
cellsaroundthecenter. Inthiscasethe
m noderelocatesto the low-back cell
andrespondingtothisthennodetakes
the symmetrically opposite high-
front position. Thislast action creates
anarticulatingframework of /t/.

Note: observation of both matricial
and geometric node movement
behaviors needs to take place in the
speech mode. The chosen anchor
node is to be centered. Upper and
lower teeth should not beincontact.

5 Production of simple phoneme in the 3 x 3matrix
It
R n n
h " ihm h h h

% m m m

h centered m can move to m is placed to n moves to n movement

as stable any cell around h low- back cell high-front cell generates
node to equalize articulation of
phoneme /t/

Analyzing phoneme generation is clearest in the matricial format since it entails
locating and moving nodes in a cellular matrix, where location within or movement
acrosscellsiseasily perceived. First moving the anchor nodeto various cells solidifies
thematricia structure; other nodes can bethenlocated and moved to chosen cells. Note
that the cells are enclosed within borders which can be crossed only when a certain
amount of additional energy isapplied—thisprocessisrelatedtosyllabification.

5.5 Geometric for mat:

Note: observation of behavior needs to occur in the speech mode and the extrinsic
forces are agents of movement.

Intheinitial balanced framethetrinodeiscentered onn.

When articulation anchored by the m node is initiated, the m becomes the central
node, and the force envelope of the m node appears. The envelope is constricted, of
smaller size and of tenser configuration when compared to the initial balanced one.
Being masked by the increased frame tension, the remaining nodes become less
apparent to discernment, fig. 6.

As in simple vowel and consonant frame expansion, mentioned in Part 4 (Basic
mechanics), 4.4, the m centered frame can undergo an expansion. Causing adistortion
as it appears, the m frame executes an expansion in order to equalize intrinsic and
extrinsic forces. Here we see functional alternation: theintrinsic centripetal (centraliz-
ing) mactionisfollowed by an extrinsic centrifugal (expanding) one.

Inthe expansion thereisatargeting biastowardsaparticular direction. Therearefour
such directions, although the modal oneisforward and up, targeting a/i/. Manipulating
the forces or tilting the head forward or backward changes the targeting directions
toward those of thephonemes/a/, /u/ and/a/,fig. 7.

Frame expansion

directional |
bias

envelope

initial balanced state

L@

m node becomes central anchor

m node envelope is exanded




5.6 Theinherent directional deter minantsof node
movement directions: thetwo versions of the3 x 3
matrix

Deriving from their anatomic characteristics, in each of the
three presettingsthereisdefinite biasfor acertain direction of
movement.

Inventral presetting and in thevowel matrix thetongueand
movements between the vocalic nodesismoreefficientinthe
horizontal direction and more difficult vertically. In contrast
inthedor sal presetting and inthe consonantal matrix vertical
movement is more efficient than the horizontal one. Thus, an
inherent directional movement determinant is present in the
presettings, fig.8. Thereasonbehindthisisgivenbelow.

8 Inherent movement directions in primal presettings

dorsal movements

easy consonants
/H skull :|
| hard | k—_ mobility
—~/ -
j i . i D 7 hyo-
tongue easy Ia);ynx

jaw

ventral movements

vowels

tongue hard
mobility

easy —» | — =

3
hard i 1 ﬁ

medial movements

primal phonemes
tongue

mobility
easy (—r»
D —
5.7 Anatomicdesign of directional deter mination g
Theanatomic basisfor thisphenomenon .
Ihs $prd|? fl'galg)).fln theéjorsfalatsett_l ng the dorsal presetting - consonants ventral presetting - vowels
orizontal (axial) forces dominate, i.e., are
the prime movers. In the ventral setting the _ _
verticalsdominate. Inthemedial setting the [ P
; i | Do ~ phryngeal ' al \
horizontal and vertical components are of : Cluvdla L wall ’71 Hvetar
equal strength. In the dorsal setting it is | A = o R
difficult for a node to move aong tense facial “pharyngeus mfgg'c?ésgenioglossus !
. . i mus cles —_— !
horizontal frame paths while vertical ! ! T | superior L; L /] tongue |
motion is easier since the vertical frame E > and middie ; hyoglossus,
components are relatively relaxed. In the © consrictors U
ventral presetting the bias for nodal ma“dg’e’iior{yoid | mandble
movementsisvertical. Ventral (depressive) ‘
E;./igg\?\/lg\?v;fgt&erteo(?ﬁﬂengl Ier;spear:ter%?tsotg; * tensor palatini and levator palatini

maintai ned, hencethegreater mobility of the
vowels.

Note: the involvement of the facial muscles in speech
production arisesfrom evol utionary development. Briefly, asit
has been established in comparative vertebrate anatomy, the
organsof speech, both bonesand musculatureare (a) originally
gills-derived (branchiomeric) structures, as well as (b)
extensions of certain somatic muscles located under the gills
(hypobranchials). These two subsystems have evolved to be
thoroughly integrated and so the mandible and the facia
muscles, including most apparently thelips (orbicul aris orbis)
directlyinteract withmovementsof theoral speechmuscles.

Consideration of the evolutionary sources of the speech
mechanism isimportant in better understanding it. For exam-
ple, fishgillsarearow of valves. Butthenthespeechtractisalso
arow of valves, starting at thelips, through the tongue, velum,

epiglottis, larynx, pharyngeal constrictors, esophaged
sphincter, tothediaphragm.

Thebranchiomericsinclude: thevisceral bones, including
the jaw and the hyoid, and the visceral muscles. temporalis,
masseter, pterygoids, laryngeal muscles, mylohyoid,
digastric anterior and posterior bellies, tensor palatini,
levator palatini, stylohyoid, stylopharyngeus, uvulae,
palatoglossus, pharyngeal consatrictors, palatopharyngeus,
sal pingopharyngeus; also the facial muscles—which extend
frontally fromthetop of theskull (frontalis) totheupper chest
(platysma), andtheaural parts: tensor timpani, stapedius.

The hypobranchialsinclude: the tongue, genioglossus,
geniohyoid, hyoglossus, sternohyoid, thyrohyoid,
sternothyroid, omohyoid, trapezius, sternocleidomastoid.
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5.8 Nodal movement insyllabification in primary settings

This difference in inherent bias of movement directions between the primal
presettings meansthat in phonemic ground actionsif () the dorsal (consonantal)
presetting is the prime agent, then vertical movement is efficient and therefore
consonant articulation, built from the dorsal setting will efficiently transfer
downwar dtoreachandreturnfromavowel nodebel owit; (b) ontheother hand, still
duetoinherent directional determination, aconsonant nodewill movehorizontally
with difficulty to reach another consonantal node—cf. limitations in consonant
adjacency. Theconver se behavior holdsfor the vowel presetting, although ability
forvertical motionforvowelsissignificantly assi sted by mandibul ar movement.

The choice of whether a consonantal or avocalic matrix appearsin asyllableis
deter mined by theinitiating phonemeof asyllable. ThusaCV or CVC syllablewill
set upaconsonantal matrix, andtheconverseistrueforaVCorVCV syllable. Forthis
reasonwhenavowel isgeneratedinaconsonantal syllable, itsvocalicframework is
secondarily superimposedontheconsonantal presetting, whichremainsembedded.

Theconver seholdstruefor aconsonant superimposedinaV CorVCV syllable.

5.9 Thetwo versions of matrix diagrams

10

In view of inherent directional bias, the conso- basic consonants
nantal matrix is best represented as three

basic vowels
in dorsal presetting

Dorsal (consonantal) 3 x 3 matrix

consonant-to-vowel move

obliquely vertical lines or columns, along which

t k
consonants move. The consonantal matrix gener- A
atesitsowndistinct vocalic matrix, inwhichvowel

nodes created in a consonantally initiated syllable

AN

t

RN

are also approached to and exited from through
vertical paths. Thatis, vowel productionisaccessi-

ble within the dorsal/consonantal preset- Ventral (vocalic) 3 x 3 matrix

ting—which formsits own set of vowel positions
withinitsframeandthesevowel nodes movealong basic vowels
thelinesdictated by theconsonantal setting, fig. 10.

Note: The longitudina axis of the tongue
posteriorly curves downward, and this fact is
reflectedby thetiltinthevertical lines. a

u

basic consonants
in ventral presetting

Wl Lk

‘m

vowel-to-consonants move

t
t

Thevowel matrixisbest represented asatabl eof
3x 3cdls, whereinter-vowel horizontal or vertical
movements are available since vowels are signifi-
cantly associated varying tongue heights, while
consonantsaretoamuchlesser degree. Cells, rather

than points appear in the vocalic matrix because presentthisinadiagram.

vowel nodes are mobile within a cdll, i.e, in
relatively greater space than do consonants. The
tongueaxisdant existsinthevowel matrix aswell,
but sincethetilt varieswiththetilt of thehead, itis
lesscomplicatedto depict thevowel matrix without
atilt.

Inthevowel matrix, transfer of avowel nodeto a

consonant node appears to be horizontal (at the
nodal level, but not so in full articulation). The

reasonisthat oncean articulated product isgenerated insidean
obliquely reached cell, the forces are such that due to the
relativeplasticity of thevowel matrix thematrix itself becomes
rotated and therefore the position of the generated consonant
approximately aligns with the initial vowel. It is difficult to
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PART 6—MATRICIAL GENERATION: SIMPLE PHONEMES

THE FIRST LEVEL MERGERS:

Thefollowing pages provide the detail ed diagrams of
the mergers classified in the General Chart of First
Level Mergers on page 2. The mergers are grouped
accordingtosourceparents, dorsal or ventral presettings
andmatricial axes. Keytodiagramsinfig. 11.

Also see Part 8.1 where the phoneme production
function performed by the nodesis described in more
detail.

key to diagrams

11

merger of first
and second
equalizations

anchor

agent
h action

a
product

dorsal presetting

product

agent
action

anchor

ventral presetting

VENTRAL PRESETTING

—

]
m anchor node M+ hdass
m=stable + h =active
articulator agent = n simple vowels and simple consonants plusn and a

primary (vowel) setting

products. i a usn

=
oblique axes true axes centered merger
i h u h h
m m m m h | m m m | h m hm n
h a h El
Thebasicvowels/i/,/al, and /ul aswell as n
the neutral vowel (o) are generated in this T o o m
configuration. -

Note: nappearsto begeneratedinthecell occupied by h.

secondary (consonant) setting
==
==

oblique axes

true axes

products:t y k n s

centered merger

hm El

Thestops/t/ and/k/ aswell as/y/ and /1/ appear at thisbasiclevel becausethey originatein mastication. /t/ and /k/ are
thefront and back bounding gates of masti cation space, /y/ and/y/ appear inthe start of swallowing. Theneutral vowel
/aliscentered between hand m, andisthevocalic (spatial) aspect of /n/.




h anchor node
h=stable + m=active
articulator agent = n

simple vowels and simple consonants

DORSAL PRESETTING

———

—_—

h + m class

primary (consonant) setting

————

—

oblique axes

Mirrorsthe secondary consonantal
setting of the Vocalic Presetting,
except that the /ng/s change places
and/gh/ substitutesfor /nj/.

Productss. t n k n o

centered merger

true axes

Thisset isthe samein both Vocalic
and Consonantal Presettings. The
merger product in al cases is
/shewal.

secondary (vowel) setting

oblique axes

Identical with Ventral presetting/vowel
setting/oblique axes configuration except
the/s/vs/ y/contrast.

Note: the oblique axes produce , respec-
tively, consonants and vowels. But /y /
normally considered a consonant, occursin
the vowel group. It is thus genetically a
semivowel morethan aconsonant.

With an facial expression of animal aggression
and teeth bared the /¥y / phoneme emerges as a
growl. /y/ and the basic vowels/i/, /al and /u/
among some other phonemes are all found in
animal voice articulations.

Products: i au y n

centered merger

true axes

The same contrast occurs

It seemscuriousthat gh appearsat thishasic
in the true axes.

articulation level. /y/is not a phoneme
common to many languages, but it appears as
alaryngeal sound articulated in the frame of
smiling.

Thetrueaxesyield /a/ in the consonantal
setting, whereas they produce /n/ in the
vowel ssetting.




VENTRAL PRESETTING

m anchor node / j class —
m=stable + n=active =
articulator agent=h m + n class
subclass
primary (vowel) setting Products: j y
=
oblique axes true axes centered merger
i n i n n
m m m m n m m m n m nm Y
N
n j n J n
n Y
n|imly m Y|m|n m
Y n
secondary (consonant) setting Products. y o
==
oblique axes true axes centered merger
Y A\ Y n h E)
m m m m h|iml]sa m 9 |m|h m hm E]
n Y n Y B} h

Theconsonantsj and w are products of m+n mergers. They appear at thisfundamental level
because they are functional agents of mastication, respiration and vocalization. Acting as
valvesthej nodeclosesthevelar tract whilethew node closesthelinguo-pharyngeal passage.

Comparison of theconfigurationsreveal varioussymmetries.

Note: the gh producing actionsinthevowel setting aretrue-axial, but are oblique-axial in
the consonantal setting.
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n anchor node / j class
m=stable + n=active
articulator agent=h

DORSAL PRESETTING

———
—_—

m + n class

subclass

primary (consonant) setting

oblique axes

true axes

Products: y o

centered merger

not done yet

true axes

Products. j

n

centered merger

Note: /j/ appears only in either primary or secondary vowel
settings, indicating that it is closer related to vowels than to
consonants. In the consonant setting /j/ degrades to the more

primitive /y /.

not done yet
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n anchor node / w class

VENTRAL PRESETTING

—

]
n+m n + mclass
subclass w
primary (vowel) setting Products. w y
=
oblique axes true axes centered merger
W, m m
n n n m|n n n m n nm Y
m m m
m w
m n w n w n m n
w m
secondary (consonant) setting Products y o
==
oblique axes true axes centered merger
2
Y /m]| m
n n n mj|n n n m n nm E]
m Y m m
m Y
min|y n y|n|m n
Y m

Note: paralleling /j/, the phoneme /w/ is more vocalic than

consonantal; it occurs only in the vowel presetting class. In the
consonantal frameit degradestothe more primitive/y/.
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DORSAL PRESETTING

———

n anchor node /| and r class -
n+m

n + mclass

subclass | and r

primary (consonant) setting

—

7

Products: | y

—

oblique axes

TRV, YA R

true axes centered merger

secondary (vowel) setting
= Product: r

oblique axes true axes centered merger

A symmetry existsbetween /I /and /r/ asthey contrasting in appearing, respectively, in the consonan-
tal and thevocalic setting.

The phonemes/I/ and /r/ are related as shown by their shared node configurations: both are n based
articulations and both are dorsally preset, anbd differ only in primary consonantal versus primary
vowel settings.

The association between //, /r/ and /w/, all three being n-based articulations, is evident in their
substitution of /w/ or /I/ for /r/ often found in children’ sand certain adults’ speech and substitution of
Iwi/ forthelateral ("lazy”) /l/ by somepersons.

Thereisalsothemutual exclusion of /r/ and/I/ in Chinese and Japanese, and confusion between /l/ and

/n/in Cantonese. K orean features an ambiguous case, where/l/ and /r/ alternately occur depending on
context.

Lastly, thereisarelationshipinthesubstitution of uvular /r/ for trilled /r/.

The phoneme/r/ ismorevaocalic than /I/ sinceit occursin the vocalic presetting; it allowsfor greater
air flow than does/I/.
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6.1 Nodal actionsinproducing the simple vowels

The sequence of nodal movements in generating the basic vowels /i/, /al and /u/ areillustrated i
fig. 855. The ventral primary presetting of vowelsis not shown; rather the series begins with the
superimposition of a secondary presetting specific to the vowel. This function accords the tract
height associated with them. It may be noted that /u/ is medially preset. This may come from the
fact that although /u/ is perceived as a high back vowel, the anterior tongue islow, hence /u/ has
both high and low placement qualities.

The following steps continue with changes in the matricial line-up of the trinodes and end with
full articulation.

n

The series proceeds through an alternation of extrinsic and intrinsic frame active agencies. Each

step introduces a distortion of varying amount since each one superimposes a change, and there-
fore, each subsequent step also servesto equalize.

Steps:

1. Secondary presetting

2. matricial line-up

3. n-action

4. i/ product

5. phonation

6. resulting tongue shaping

After the n-agency occursin step 2, it is the stabilizing node m that changes location and it isthe
other two nodes that alter positions in order to equalize the trinode frame. This transformability of

the anchoring frame allows m to glide and so to enable generating the positional variants of the
vowel or to approach consonant nodes in vocalic syllables.

(The mechanics positional moves by the nodes are covered in section Phase Relations).

1 2 3 4 5 6
primal phoneme | pre-articulatory /il node )
step serggr;gﬁry matricial line n-action generated _ghl?;ﬁg;:)n tongue shape
p 9 = equalization = equalization = equalization =€q
agency extrinsic intrinsic extrinsic intrinsic extrinsic
vowel
. h ) ( /; :
Il
a ] m i L —W‘*
—— h m
lal
m
n
: . - A 7 A 'A
hf [ ] | ~h m | L —
u/
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