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Abstract

Symmetric, asymmetric, and recurring patterns in the acquisition of phonemic distinctions
by children with phonological delay are examined. In an attempt to reconcile observed regu-
larities and dichotomies in phonemic structure, a cyclic principle of acquisition is advanced.
The principle involves specifically Laryngeal-Supralaryngeal Cyclicity whereby distinctions
are added to an inventory in alternation of these two domains. Laryngeal-Supralaryngeal
Cyclicity is demonstrated from both cross-sectional and longitudinal perspectives, and the
structure of emerging phonemic systems is shown to be derivative of the principle. The

Cyclicity principle has further consequences for theories of acquisition and of language
generally.

1. Introduction

A striking property of fully developed phonological systems is their symmetry.
For the most part, phonologies are symmetrical in inventory composition, distribu-
tion, and contrastiveness of segments (Maddieson, 1984). Such symmetries have
been observed within and across languages, and these patternings have been brought
to bear as evidence for claims about the underlying nature of grammars (Anderson,
1981) and the universal properties of language (Greenberg, 1978).

Coexistent with symmetries of phonological systems are also asymmetries.
Despite an overall pattern and balance in sound systems, there are gaps or ‘holes in
the pattern’ (Anderson, 1981: 498). These asymmetric relationships among sounds
are precisely what capture our attention and warrant explanation, for how is it possi-
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ble that a linguistic system is simultaneously symmetric and asymmetric? Moreover,
why should it be that these seemingly contradictory patterns come about? It is this
examination of asymmetries that typically reflects back on the symmetries, provid-
ing greater insight into the patterned relationships among sounds and aiding in the
refinement of linguistic theory.

To illustrate, markedness relations are one kind of pattern that has been observed
across languages. One particular markedness relationship associated with the voice
distinction states that if a language has voiced obstruents, it will also have voiceless
obstruents. Gamkrelidze (1975) observed gaps in this voice relationship that
appeared to vary with place of articulation. In particular, he noted that if a language
maintained three places of articulation, labial, coronal, and dorsal, and had a voice
distinction within the stop series, and further had a gap in the basic stop inventory,
then either /g/ or /p/ would be absent from the system. These observed gaps in the
stop series had the effect of further qualifying the markedness of voicing by place of
articylation. That is, within the voiced stop series, labial place emerged as unmarked,
but within the voiceless series, dorsal place is unmarked. In this way then, the asym-
metric patterning of voicing in stops by place of articulation served to refine the gen-
eral voiced—voiceless relationship.

In a similar vein, the prevalence and role of coronal segments in language have
received considerable attention. It has long been noted that segments produced at the
coronal (as opposed to labial or dorsal) place of articulation are more frequently
occurring in languages of the world (Maddieson, 1984). Furthermore, coronal seg-
ments undergo a variety of phonological processes more often than segments of
other places of articulation (Kiparsky, 1985). Recently, the uniqueness of coronal
place has been reconsidered within the nonlinear frameworks of feature geometry
and underspecification theories (Paradis and Prunet, 1991b). Coronal has been rein-
terpreted as the default place of articulation, being predictable and therefore requir-
ing no featural specification in the underlying representation. This reevaluation has
served to advance these theoretical models, as well as facilitate our understanding of
the peculiar structure and representation of coronal segments in language.

The interplay between symmetry and asymmetry in phonological systems also has
been evidenced in developing systems. As with fully developed languages, the
emerging sound systems of young children are highly symmetric (Locke, 1983).
This is the case both for the segmental and the featural composition of such systems
(Dinnsen, 1992; Dinnsen et al., 1990; Ferguson, 1977; Ingram, 1990b). It is further
true cross-linguistically for children who are acquiring language normally (Bortolini
and Leonard, 1990; Ingram, 1988a; Locke, 1983; Pye et al., 1987), as well as for
children with unusual or atypical sound systems including, for example, those with
functional (nonorganic) phonological delays (Ingram, 1989; Leonard, 1992). But,
with the occurrence of such symmetries also comes asymmetries in development.
One key difference, however, between the symmetric-asymmetric relationships of
fully developed and developing linguistic systems is the static versus dynamic status
of these inventories. For development, symmetry and asymmetry in the sound sys-
tem can be observed both cross-sectionally and longitudinally. Further, these rela-
tionships generally change with time. Development thus provides a unique opportu-
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nity to examine the structure of phonological systems for purposes of both acquisi-
tion theory and a theory of language.

To demonstrate more specifically, Ingram (1990a, 1992a) reported that for nor-
mally developing children, a place distinction in word-initial stops emerges prior to
a voice distinction in this series. For instance, a developing inventory may include at
an early point in time the initial consonants /b d/, and at a later point in time, the con-
sonants /b p d s/ (e.g. Ferguson and Farwell, 1975). Notice, on the one hand, that this
sample inventory is symmetric, marking both labial and coronal places. But on the
other hand, there is an asymmetry in the place of articulation that the voice distinc-
tion emerges, and in the relationship between voice and place. To extend this obser-
vation further, Ingram reported that for phonologically delayed children, a voice dis-
tinction emerges prior to a place distinction in the word-initial stop series. This is
precisely the reverse of that observed for normal development. Consequently,
another asymmetry becomes apparent, that is the relationship between normal and
delayed phonological systems. Why should normally developing children exhibit a
pattern of acquisition whereby place emerges in advance of voice, but delayed chil-
dren evidence voice prior to place? Ingram characterized the reverse orders of emer-
gence of voice and place as a potential defining property of normal as opposed to
delayed language development. An articulatory account of the asymmetry was
offered, such that children with phonological delays were hypothesized to have dif-
ficulty achieving fine supralaryngeal control, and consequently focus on expansion
of the phonological system first through laryngeal control. Thus, by tracing longitu-
dinally the emergence of contrasts in developing systems, the asymmetric properties
of these systems contributed to a possible characterization of .the course of phono-
logical acquisition, the defining properties of developing systems, and the identifica-
tion of potential subsystems within development. Moreover, the articulatory account
was drawn in part from current perspectives on the geometric structure of phonolog-
ical representations for: fully developed primary languages (Paradis and Prunet,
1991b).

The purpose of this paper is to examine further the relationship between voice
and place in developing sound systems. The motivation comes from observed
symmetric, asymmetric, and recurring patterns in the structure of phonemic
inventories of children with phonological delay (Gierut et al., 1994). In part, these
patterns resemble and extend those described by Ingram (1990a, 1992a). How-
ever, in contrast to the previous work, a cyclic principle of phonological acquisi-
tion is advanced in the attempt to reconcile regularities and dichotomies in phone-
mic structure. The principle is demonstrated from both cross-sectional and
longitudinal perspectives, thus encompassing static and dynamic aspects of devel-
oping systems. The structure of emerging phonemic inventories is shown to be
derivative of cyclicity in phonological acquisition. The cyclic principle has the
further advantage of characterizing normal and delayed phonological develop-
ment in a unified way which, in turn, has consequences for a general theory of
acquisition. The principle also provides a substantive means of evaluating the
structure of phonological representations from the theoretical perspective of feature
geometry. :
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2. Asymmetries in developing phonemic inventories

In a recent cross-sectional study, Gierut et al. (1994) presented a typological char-
acterization of phonemic structure based on evidence from 30 children with phono-
logical delays. Children were between the ages 3 years, 4 months and 5 years, 7
months and were normally developing in all respects with exception of their
phonologies, which were characterized primarily by restricted consonantal invento-
ries. Also, because children were part of a larger project on the learnability of sound
systems, they received experimentally controlled and manipulated clinical treatment
that was designed to induce changes in the sound system. Consequently, longitudi-
nal phonological and learning data were available for each child.

Methodologically, the phonemic inventory of each child was determined from
extended speech samples following principles of standard generative analysis (for
details see Gierut et al., 1994). For purposes of establishing the inventory, under-
lying representations were presumed to be constituted by systematic phonemes. The
phonemic inventory was further confirmed on the basis of two additional criteria:
contrastiveness and consistency (cf. Cook, 1988). Contrastiveness required the
occurrence of a minimum of two sets of minimal pairs before observed consonants
were taken to be phonemic. Consistency required that these same consonants func-
tion contrastively over two consecutive sampling sessions.

From these data, five distinct types of consonantal phonemic inventories were
identified based on the kinds of segments that were contrastive within and across
children’s systems. The five types, shown in Fig. 1, were further differentiated on
the basis of both common and minimal (or nonredundant) featural distinctions.
Inventory types were independent of each other, but appeared to be related hierar-
chically in terms of featural complexity. The inventory types ranged from the most
primitive systems (i.e. Type I exhibited by 2 children), which included only nasal
and obstruent stop consonants, to the most complex systems (i.e. Type IV evidenced
by 6 children), which included all manner categories: nasals, stops, fricatives,
affricates, and liquids. Of most relevance to the present discussion are the interven-
ing types, Type 11, IIIA, and IIIB.

More specifically, Type II inventories included only nasal, stop, and fricative
phonemes. Eight of the 30 children displayed inventories with this composition of
segments. Within the obstruents, all 8 children marked a voice distinction in stops,
but place of articulation was free to vary. That is, there was no single featural
description that could capture the place characteristics of stops for all of the inven-
tories classified as Type II. Place then could not be distinguished by a common and
requisite feature or feature set. Within the fricatives, there was also no common
voice or place distinction, with considerable individual variation observed across
children’s systems.

Type III inventories were remarkable in that they seemed to take one of two
forms, thought to be equivalent in complexity. Type IIIA systems, characteristic of 6
children’s inventories, included only nasal, stop, fricative, and affricate phonemes.
As in the simpler Type II systems, there was an obligatory voice distinction observed
in stops, along with a further place distinction. Thus, all 6 children marked mini-
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Typel
Nasals
Stops

Type I
Nasals
Stops [voi]
Fricatives

T

TypeII A TypeIII B
Nasals Nasals
Stops [voi] Stops [voi]
[cor] [cor]
Fricatives [voi] Fricatives
Affricates Liquids

Type IV
Nasals
Stops [voi]
{cor]
Fricatives [voi]
Affricates [voi]
Liquids

Fig. 1. A cross-sectional typology of phonemic inventories of children with phonological delays
(Gierut et al., 1994).

mally voice and place in stops in exactly the same way. For fricatives, a voice (but
no common place) distinction was maintained across the children’s systems. For
affricates, there was no necessary or common voice or place contrast observed.

In comparison, Type IIIB systems admitted a liquid phoneme, along with nasals,
stops, and fricatives of simpler types. There were 8 children evidencing a phonemic
system of this kind. Like the Type II and IIIA systems, these children maintained an
obligatory voice distinction within stops, but a voicing distinction within fricatives
was not a necessary property. Also, all Type IIIB systems marked a common place
distinction within stops, but not within fricatives.

Importantly, each of the 30 phonemic inventories were classified as one and only
one of these five types. The typology uniquely captured common distinctions main-
tained across the 30 systems and, at the same time, allowed for individual differ-
ences in the specific phonemic composition of each inventory. Because of the impli-
cational nature of the typology, the cross-sectional characterization of phonemic
inventories also provided a testable framework for tracing the longitudinal course of
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acquisition by a given child. Moreover, three inventory types, II, IIIA, and IIIB,
highlighted potential asymmetric patterns to be expected and accounted for in the
emergence of phonemic structure. Four such asymmetries warrant further discussion.

First, there was an asymmetry in the order of acquisition of voice and place within
the obstruent series. Voice distinctions always emerged first, in advance of place dis-
tinctions. This finding confirmed the tendency noted by Ingram (1990a, 1992a) for
phonologically delayed children with regard to word-initial stops, and extended it
more broadly across the obstruent series independent of word position. Second, the
introduction of a voice distinction repeated or copied itself across the obstruent
series, but not uniformly. Voice was first implemented in the stops (Type II invento-
ries). Then, this contrast was extended to fricatives, but only subsequent to and not
simultaneous with the acquisition of fficatives (Type IIIA inventories). Finally, it
was exemplified in the affricates, again only following the emergence of this manner
class (Type IV inventories). In each case, a new manner was introduced first and
remained without a corresponding voice distinction. (A similar delayed pattern of
copying across the obstruent series could also be projected for place.) Third, there
was an asymmetry in the occurrence of affricates versus liquids. Some children’s
inventories included affricates and fricatives to the exclusion of liquids (Type IIIA
systems). In contrast, other inventories included liquids and fricatives to the exclu-
sion of affricates (Type IIIB systems). Fourth, there was an interaction between these
asymmetries which had a further (asymmetric) impact on phonemic composition.
That is, the occurrence of an affricate in the system (associated with Type IIIA
inventories) required an obligatory voice distinction in both the stop and fricative
series. There was no such necessary implication with the occurrence of liquids in the
system (Type IIIB systems).

Thus, it seems that the observed asymmetries involving voice and its repetitive
transfer across the obstruent series, and the occurrence of affricates as opposed to
liquids may be in some way related. One account that has been offered is that the
introduction of liquids as opposed to affricates in a phonemic system is a parameter
to be set by an individual child (Gierut et al., 1994: 14-15). Given the setting of this
parameter, the emergence of voice (and subsequently, place) would follow automat-
ically. The fact that voice distinctions are introduced repeatedly and in sequence
across the obstruent series was taken simply as an independent and general mecha-
nism of change in development, whereby new categories are formed from existing
categories (e.g. Carey, 1985; Gierut, 1992; MacWhinney, 1985; Slobin, 1971).

While a parameterization account may be plausible, it is lacking in several impor-
tant respects associated particularly with the nature of the target, its trigger, and the
operation. First, the parameter itself is not well-motivated. Why should the target
involve specifically affricates versus liquids, as opposed to any other manner
classes? There is no independent or a priori phonological or phonetic evidence to
support this dichotomy in the structure of developing inventories (Gierut et al.,
1994: 12). Also, it is unclear what conditions trigger the setting of this parameter,
since both options (affricates versus liquids) emerge out of a phonemic system that
includes fricatives and stops (i.e. Type II inventories). Lastly, with regard to the
operation, it appears that the child must do one of two very different things. For the
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setting of an affricate, the child misst estahlish further the properties of air fow (of.
Rice, 1592}, differentisting fricatives from affricates {e.g.. [tcontinuani]} msndior
slops from alfrcaies (g, [Sdelayed release] b Here, almplex sepmenis miast adso be
distinguished from comour segmenis (Lomberdi, 1990, Addibonally, & new voice
distinction musi be added to fricatives under this sefimg. In contrast, for the sshng
of the liqued, the child must elshorsie further the properties of sonorant voice, dis-
tingutshing sonorant consomants that are nasal from those that are nonmesal, T
appears then thal the operation i ol general, bul rather specilic 1o each alemative
setting. Tuken iogether, these imitations saggest thal paramelerization may be an
inndequate account of obeerved asymmetries in the development of phonemic nven-
tories and thus motivate an alemative hypotlests,

A, The principle of Laryngeal-Supralaryngeal Cyclicity

The guestion then remains: s there a means of reconciling the symemsiress and
asymmeiries of phonologice] development such that the addition of affricales versus
biguids 10 an imventary |5 wholly inegrated with the emesgence of woice distinctions
in L obetreenl series? Moreover, can these relslbomshiips be jolmed in 8 unified way
with the recurring and sequential trensfer of voice m obstruents? |n par. moted defi-
chencies in the parmmeterization accoant provide insight o this question. Specifi-
cally, closer imspeciron of the operation selfl reveals that, v achigve either parame-
ter sefting, a child musi necessarily sdd a new supralarynges]l disinction o ihe
phonemic reperipire. However, the exiension of vaice 1o the (mealive serses (1.2, &
larymgeal distinction) appears optional, being implemented in the case of affricates,
but nod in the case of liquids. These observations saggest that supralaryngeal and
larymgeal distinctions may underlbe the emergence of phonembc venborses, and tha
these distinctions may be added in aliernation as sapporied by the repetilive exien-
sion of voice distinctions scross obstnasnts. This gives rise o o potentinl principle of
phomalogical acquiaithon as formulaied below.

Larpngeal-Supraloryngeal Cyclicity:

Laryngeal and supralarymges] propenties of s phonelogical system will be elaba-
raled in continuous cyebe, will expansion of the mventory first in one domain of
the represemtation and then he olber, but nod with change occurring i both
domsing simulianeousky, |

Motoe sl the 1wo petmary domabng af invemory expansion nvalve larnges)
properties, associaled with voice distincions, and supralaryngeal properties, assoc-

I The Strecoural Complexity Coastramt (S0C) 58 sdvanced by Rice and Avery (1991) saies thai
incrraned aEnecios w one donmin of the geoinsing represstialion prodesy reduced slractens i asdher
domain of e repres=ntation. In contrast 0 the Larynpeal-Sepralaryngeal Cyclicity principle, the S0
the S0C is formulaied, i does nol perpon i socoent for changes 0 developmem.
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ated with manner and/or place distinctions. Each domain represents one phase of a
continuous cycle, with alternations between phases, laryngeal and supralaryngeal.
The principle does not specify which domain will initiate the cycle. The principle
also does not dictate precisely which laryngeal or supralaryngeal property will be
expanded, thereby allowing for the same general property to be realized in different
ways by different children. In this way then, the addition of an affricate for Type
IIIA systems would not be incompatible or in conflict with the addition of a liquid
for Type IIIB systems, as will be demonstrated. Moreover, the cyclic nature of the
principle captures the pattern of the repetitive transfer of voice and the sequential
relationship between voice and place distinctions. Thus, the apparent symmetries,
asymmetries, and repetitions in phonemic development may be united by a single
principle of Laryngeal-Supralaryngeal Cyclicity. It is this principle that is predicted
to guide the course of phonological acquisition.

Importantly, the falsifiability of Laryngeal-Supralaryngeal Cyclicity can be
examined in regard to two well-defined exclusions to its application. As the prin-
ciple is formulated, it excludes the occurrence of two consecutive phases of the
same type. That is, a child should not acquire a voice contrast, followed by
another voice contrast. Similarly, a sequence of two consecutive supralaryngeal
distinctions would not be predicted to occur. These exclusions may be difficult to
establish empirically given the potential indeterminacy of phase completion. To
establish the completion of a phase, independent criteria should be invoked, much
like in the case of determining the cyclic domain of rule application in lexical
phonology (Kiparsky, 1982). For Laryngeal-Supralaryngeal Cyclicity, one possi-
ble criterion for completion of a phase may be associated with phonotactic per-
missibility, such that a phase may be considered complete when sounds occurring
in that phase are used in all word positions. Other possible and less stringent con-
ditions may be available; however, all of these remain to be established empiri-
cally. Another more readily falsifiable claim is that the co-occurrence of laryn-
geal and supralaryngeal distinctions in exactly the same phase of a cycle is
prohibited. This means that both a voice contrast and a manner/place contrast
should not emerge simultaneously in development. It is this principled exclusion
that provides the clearest testing ground for refinement or rejection of Laryngeal—
Supralaryngeal Cyclicity.

4. Methodological considerations in evaluation of Laryngeal-Supralaryngeal
Cyclicity

To test Laryngeal-Supralaryngeal Cyclicity as a viable principle of acquisition,
longitudinal data from 15 children were examined (Table 1). The children were a
randomly selected subset of the 30 subjects who participated in the earlier cross-
sectional investigation (Gierut et al., 1994). As was noted, the children who partic-
ipated had phonological delays and were enrolled in an experimental clinical treat-
ment program. Consequently, phonological data from two points in time were
available for analysis: prior to treatment and 2 weeks posttreatment. The phonemic
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Phonemic inventories of 15 children obtained at two points in time

Subject Age Time span Phonemic inventory
' Points 1 and 2
(months) (months:days) Point 1 Point 2
1 41 2:6 mny mny
pbtd kg pb td kg
74 fvsz§
& g
Ir
3 42 2:11 mny mny
pbtd kg pb td kg
5z
Ir
6 44 3:3 mn mn
pb td pb td kg
f f 05
T
10 49 1:25 mn mn
pb td pbtdg
fvsz fv 65 sz
1 1
11 50 4:11 mn mny
pbd pb td kg
f§ fvsz§
g
12 50 2:22 mn mny
pbtd pbtd kg
fvs§ fvodsz§
r &
Ir
15 53 3:2 mny mniy
pbtd kg pb td kg
sz¥ fvodsz§
& &
1 1
18 56 2:0 mn mny
pb td kg pb td kg
fv sz fvdsz$§
1 &
1
22 58 2:8 mn mni
pbtd pbtd
sz DB £ 65 sz

10

Table 1 (cont.)
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Subject Age Time span Phonemic inventory
Points 1 and 2
(months) (months:days) Point 1 Point 2
23 58 1:24 mnp mny
pb td kg pb td kg
fv fv 6
fsdz & 15z &
T r
24 60 '2:25 mn mniy
pbtd pb td kg
fv fvezs
& &
Ir
25 60 2:6 mny mny
pbtd pb td
sz 65 sz §
15 dz dz
26 60 1:18 mng mnyg
pb td kg pb td kg
fv sz fv 05 sz
J
1
29 65 1:19 mn mny
pbtd pbtd g
fv §2 fv sz 82
& &
r T
30 68 3:5 mn mny
pb td kg pb td kg
fv §2 fv @ sz 32
& i
1

systems of the children at each of these two points in time were established using
the same methodology involving minimal pairs as in the previous study and as
described above. However, because the resulting inventories for each child repre-
sented essentially two static points in time, it was also necessary to project a poten-
tial sequence of emergence of phonemes in a given inventory between these two
points in time. The assumption was that first acquired phonemes would be most sta-
ble, being firmly established in the lexicon (cf. Ingram, 1981, 1988a, 1989; Locke,
1983; Pye et al., 1987). First acquired phonemes would be used with greater fre-
quency, accuracy, and consistency, and these phonemes would extend to a number
of lexical items and across word positions. In contrast, phonemes added most




J.A. Gierut | Lingua 94 (1994) 1-23 11

recently to a system were assumed to be relatively unstable in extent and degree of
use. Given this, the factors lexical diffusion, accuracy, consistency, and breadth of
distribution were invoked as heuristics in establishing the order of emergence of
phonemes in a child’s inventory. '

Specifically, lexical diffusion was operationally defined as the raw frequency of
occurrence of a phoneme as determined independent of the target phonology. Accu-
racy corresponded to percent correct production of a sound relative to the target
sound system. Consistency referred to stability in production of a sound in a given
lexical item. In other words, was a given item produced in exactly the same way at
least two times in the sample? Finally, breadth of distribution referred to use of the
phoneme across word positions, initial, intervocalic, and final, as exemplified by a
minimum two-time occurrence.

Each phoneme added to a child’s system at Point 2 in time was then ranked rela-
tive to these factors. For the factors of lexical diffusion and accuracy, the scale of
ranking was based on the total number of phonemes added to an inventory. For
example, if 4 new phonemes were added to a system at Point 2 in time, the phoneme
most frequently used was assigned the highest rank, that being 4. The phoneme next
most frequent was assigned the rank of 3, and so on. For the factor of consistency,
the rank scale was binary. A phoneme was either produced consistently (rank of 1)
or inconsistently (rank of 0). Finally, the rank scale for breadth of distribution was
based on the use of a phoneme in either 1, 2, or 3 word positions with correspond-
ing ranks. A sum of the rankings of each phoneme according to each factor resulted
in a plausible order of acquisition. The phoneme with the highest rank sum was pre-
sumed to be first acquired, that with the lowest rank sum last acquired, and all other
rank sums ordered in between.

To illustrate the procedure, data from Child 15 are shown in Table 2. The child’s
pretreatment consonantal phonemic inventory consisted of / mngpbtdkgsz§¢
j V. Posttreatment, the inventory also included /f v & 6/ (based on the minimal pair
criteria described above), to the exclusion of /r/. To project the sequence of acquisi-
tion first on the basis of lexical diffusion (Row 1 of Table 2), the newly added
phonemes arranged from most to least frequent in the order: /f/>/v/>/8/=/0/. Given
that four phonemes were added to Child 15°s system, /f/ received the highest rank of
4, /v/ the rank of 3, and /b 0/ shared the rank of 2. For accuracy (Row 2), the
phonemes ranged from most to least accurate in the order /f/>/v/=/5/>/6/, thus being
assigned the respective ranks 4, 3, 3, and 1. With regard to consistency (Row 3),
only /f/ and /8/ were stable in any given lexical items. Therefore, these were
assigned the rank of 1, with /v 0/ assigned the rank of 0. Regarding distribution
(Row 4), /f v/ were each used in three word positions, whereas /3 0/ were each used
in one word position. Hence, these were assigned corresponding ranks of 3 and 1,
respectively. Then, to integrate these data associated with the factors of diffusion,
accuracy, consistency, and distribution, rank scores were summed for each
phoneme and an overall ranking resulted. For Child 15, the summed scores were
ff1=12, v/=9, /5/=7, and /0/=4. Thus, /f/ was presumed to be acquired before /v/,
which in turn, was taken to be acquired before /8/, which in turn, was thought to be
acquired before /6/.
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Table 2
The predicted rank order of phonemic acquisition for three children

Subject Phonemes acquired and corresponding ranks ’ * Acquisition
heuristics

15 il A7 15/ 16/ )

4 3 2 2 Diffusion

4 3 3 1 Accuracy

1 0 1 0 Consistency

3 3 1 1 Distribution

12 9 7 4 Sum of Ranks
23 i 18/

2 1 Diffusion

2 1 Accuracy

0 0 Consistency

2 0 Distribution

6 2 Sum of Ranks
25 hl el 5/ B’/ 10/

5 4 2 4 1 Diffusion

4 3 5 3 1 Accuracy

1 1 0 0 1 Consistency

1 1 1 1 2 Distribution

1 9 8 8 5 Sum of Ranks

These ranking procedures were applied to each child’s posttreatment phonemic
system as compared to the pretreatment inventory in order to establish a potential
acquisition sequence for testing the principle of Laryngeal-Supralaryngeal Cyclic-
ity. Admittedly, the ranking may not reflect the precise course of acquisition fol-
lowed by a given child, but it does provide a tentative and objective starting point
for evaluating the hypothesis. It should be noted that difficulties in confirming a
longitudinal sequence of phonological acquisition are inherent to the study of
developing systems in general (Ingram, 1988b; Locke, 1983). The problem exists
because it is methodologically impossible to trace moment-by-moment changes in
a given child’s productive phonology. For this reason, there is always the possibil-
ity that crucial data are missed in sampling and an emergent distinction may be
overlooked. Consequently, it is routinely the case that somewhat arbitrary criteria
and procedures are appealed to in support of claims about the course of phonolog-
ical acquisition. Interestingly though, lexical diffusion, accuracy, consistency, and
breadth of distribution seem to regularly factor into the metric, having been
applied singly or collectively in investigations of developing (Ferguson and Far-
well, 1975; Leonard et al., 1980; Locke, 1983; Pye et al., 1987; Stoel-Gammon,
1985; Stoel-Gammon and Cooper, 1984) and fully developed (Maddieson, 1984)
systems.
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5. Implementation of the principle of Laryngeal-Supralaryngeal Cyclicity

The pretreatment phonemic inventory and projected sequence of phonemic acqui-
sition to two weeks posttreatment for each of the 15 children are summarized in
Table 3. The data are discussed first in illustration of the Laryngeal-Supralaryngeal
Cyclicity principle. Then, general observations about the implementation of this
principle are noted. Individual differences in implementation of the principle are also
identified.

Table 3
Laryngeal (L) — Supralaryngeal (SL) Cyclicity demonstrated for 15 children
Subject Phonemic inventory Laryngeal-Supralaryngeal Cyclicity
Point 1 SL L SL L SL L
1 mny 19 [ f v
pb td kg j
§7 1
1s r
3 mni [
pb td kg z
1
r
6 mn k g 0 5 r
pbtd
f
10 mn 5 6 g
pbtd
fv sz
1
11 mn k g i} t
pbd s v ¢ y4
f§ i
12 mn k g i) & 5 0
pbtd z j 1
fvs§
T
15 mng f v 8 0
pb td kg
sz §
g
1
18 mn i ¢ §
pb td kg 8
fvsz j
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Table 3 (cont.)

Subject Phonemic inventory Laryngeal-Supralaryngeal Cyclicity
Point 1 SL L SL L SL L

p
0

22 mn
pb td
sz
1

o g

23 mny J C]
pb td kg
fv
tsdz ¢
T

24 mn
pbd
fv
41

- D RS

25 mnyg
pb td
sz
ts dz

—
o
wx X
- =3

26 mny ]
pbtd kg
fvsz

—
-

29 mn
pbtd
fv 32
41
r

30 mn 3 z 8
pb td kg s
fv iz 1
)

v 0q S

To illustrate generally how the principle of Laryngeal-Supralaryngeal Cyclicity is
implemented, the inventory of Child 23 is considered (Tables 2 and 3). At Point 1 in
time, this child’s phonemic repertoire included nasals and stops at all places of artic-
ulation (labial, coronal, dorsal), with a voicing distinction in the stops; voiced and
voiceless labial fricatives /f v/; alveolar and alveopalatal affricates /ts dz &/; and the
liquid /r/. At Point 2 in time, the inventory was expanded to also include /j 6/. Based
on the acquisition metric described above, these segments were further hypothesized
to have emerged, one after the other, in that order (Table 2). To begin the laryn-
geal-Supralaryngeal cycle, the occurrence of /j/ marked a laryngeal distinction in
contrast to /&/. Prior to the addition of /j/, voicing of nonanterior coronal affricates
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was predictable because /&/ was the only segment of this type. With the inclusion of
i/, voicing became a distinctive property. Next to emerge was /0/, signaling a
supralaryngeal distinction within the continuants that could be interpreted as either
the introduction of a new place or a new manner. With /0/, fricatives that were coro-
nal (i.e. a new place) and nonstrident (i.e. a new manner) were permitted in the sys-
tem as opposed to previously when the only fricatives of the system were labial and
strident /f v/. While the properties of place and manner were distinctive for fricatives
at this point, voicing of the newly added coronal fricative was entirely predictable.
Thus, for Child 23 there were two new segments added to the phonemic repertoire
between Points 1 and 2 in time. The addition of these segments was accomplished in
two phases of one cycle: Laryngeal — Supralaryngeal. Only one phoneme was
added during each phase, and the onset of the cycle was the laryngeal phase.

Child 6 presented a similar case whereby the implementation of the principle of
Laryngeal-Supralaryngeal Cyclicity involved the addition of one segment per phase
of the bivalent cycle. However, for this child, many more cycles were completed,
and the cycle began in the supralaryngeal phase as induced through minimal pair
treatment of /f/ in contrast to /g/ (Gierut, 1992).2 Notice that the pretreatment sound
system of Child 6 (Table 3) included only labial and coronal nasals and stops (both
voiced and voiceless), and the voiceless labial fricative /f/. In the first phase of
inventory expansion, Child 6 acquired /k/, marking a supralaryngeal place distinc-
tion (i.e. dorsal) within the stop series. Here, a velar was added, but its voicing was
predictable given its place. Next to emerge was the treated sound /g/, indicative of a
laryngeal distinction within dorsal stops. A supralaryngeal contrast followed with the
occurrence of the nonstrident coronal fricative /0/. /8/ signaled both new manner and
place distinctions within the fricative series because, prior to its inclusion, the only
fricative in the child’s system was labial and strident /f/. Voicing remained a pre-
dictable property for all fricatives. The next phoneme to be acquired was /8/ during
the laryngeal phase of the cycle in contrast to /6/, thereby making voicing distinctive
for coronal fricatives. The final contrast acquired involved supralaryngeal properties
with the emergence of /r/, marking a nasal-nonnasal distinction within sonorant con-
sonants. Prior to this, sonorant consonants were predictably nasal. Notice that the
implementation of the principle of Laryngeal-Supralaryngeal Cyclicity paralleled

2 This child’s inventory was asymmetric with regard to laryngeal distinctions in the fricative series,
since /f/ was the only fricative used. It might be predicted then that laryngeal would be the next phase of
the cycle, with the addition of /v/. There are two possibilities as to why the acquisition cycle began
instead with the supralaryngeal phase for this child. On the one hand, perhaps the supralaryngeal phase
involving acquisition of /f/ was not completed, thus allowing for the introduction of additional suprala-
ryngeal distinctions. As described with regard to falsifiability of the principle (p. 8), the evidence may
come from phonotactics, given that /f/ was restricted in distribution to word-initial position. On the other
hand, the expressed purpose of clinical treatment was production of a contrast between /f/ and /g/. The
contrastive relationship of these sounds relative to the inventory may have deliberately forced a suprala-
ryngeal distinction. A similar case occurred for Child 11, to be discussed on p. 16. These two cases raise
important questions regarding the independent criteria for establishing duration of a phase and the role
of treatment relative to the implementation of Laryngeal-Supralaryngeal Cyclicity. These issues remain
for empirical study.
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that of Child 23 above with one segment added per phase of the cycle. However,
Child 6 completed more cycles and, accordingly, added more phonemes to the
inventory from pre- to two weeks posttreatment (i.e. 5). For these two children, there
was an obvious one-to-one relationship between the number of cycles completed and
the number of new phonemes acquired. Children 10 and 15 also displayed a similar
positive relationship between cycles completed and phonemic expansion.

The more prevalent pattern for the group was the addition of multiple segments
during a given phase of the cycle. This was observed for 11 of the 15 children (Ss 1,
3,11, 12, 18, 22, 24, 25, 26, 29, 30). To illustrate how multiple phonemes may have
emerged simultaneously in a given phase, the phonemic inventory of Child 25 is
examined (Tables 2 and 3). At Point 1 in time, the child’s system included nasals at
all places of articulation, voiced and voiceless labial and coronal stops, coronal frica-
tives /s z/, and alveolar affricates /ts dz/. At Point 2 in time, the segments /j & 8 § 6/
were also used contrastively. For this child, the acquisition cycle began with the
emergence of a supralaryngeal distinction involving place within the affricates.
Namely, the nonanterior coronal affricate /j/ was introduced in contrast to its anterior
counterpart /dz/. Voicing for the newly acquired nonanterior affricate remained pre-
dictable until the next phase of the cycle, whereby a laryngeal distinction was
marked with the occurrence of /&/. Following this, /8 §/ were predicted to emerge
simultaneously. As shown in Table 2, these two sounds had identical rankings fol-
lowing application of the heuristics to establish order of phonemic acquisition. Con-
sequently, they were presumed to be acquired during the same phase of the cycle.
The occurrence of /5 §/ represented supralaryngeal elaboration of both manner,
through the introduction of a stridency distinction between /z 5/, and place, with an
anteriority distinction between /s §/. Voicing in each case was again predictable. /6/
emerged in the final phase of the cycle, characteristic of a laryngeal distinction in
contrast to /8/. Like Child 6 above, this child also added 5 phonemes to the repertoire
over time; however, this was accomplished in fewer cycles through the addition of
multiple segments in a given phase. Thus, the potential correspondence between
number of cycles completed and number of phonemes added to a system was not a
necessary condition of the principle.

For the most part, multiple segments were added to children’s inventories during
one given phase, but not across phases of the cycle (i.e. Ss 1, 3, 18, 24, 25, 26, 29,
30). However, there were 3 children (Ss 11, 12, 22) who exhibited the addition of
multiple segments across multiple phases of Laryngeal-Supralaryngeal Cyclicity.
Child 11 best illustrates this alternative strategy. At Point 1 in time, this child’s
inventory included labial and coronal nasals, stops, and fricatives. Within the stops,
there was a voicing distinction maintained for labials /p b/, but not coronals /d/.
Within the fricatives, there was no voice distinction, with only /f §/ in the system.
The onset of Laryngeal-Supralaryngeal Cyclicity began with the acquisition of /k s/
concurrently. This marked the introduction of supralaryngeal distinctions as induced
through minimal pair treatment of /g/ in contrast to /f/ and /& in contrast to f3/.
Within the stops, the addition of /k/ marked a place distinction between labials and
dorsals, but not coronals given the voiceless quality of the newly added segment.
Within fricatives, the addition of /s/ also marked distinctions of place, namely labial
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versus coronal with a contrast between /f s/ and anterior versus nonanterior with a
contrast between /s §/. The next phase of the cycle involved elaboration of laryngeal
properties of stops and fricatives given the addition of both /g v/. Voicing was thus
distinctive for dorsal stops and for labial fricatives. Next to emerge were supralaryn-
geal distinctions as signaled by the simultaneous occurrence of both /i) &/. /n/ marked
a place distinction within nasals, whereas /¢/ represented a new manner distinction
within obstruents. In the final phase of the cycle, laryngeal contrasts were added
given the co-emergence of /t z j/. These newly acquired voice contrasts were
extended only to coronal place of articulation, /t d/, /s z/, and /& j/. Further, these
voice distinctions were distributed evenly across the obstruent series to stops, frica-
tives, and affricates. Thus, for Child 11, the application of Laryngeal-Supralaryngeal
Cyclicity involved elaboration of the inventory through the addition of multiple
phonemes over multiple phases. The end result was the acquisition of 9 new seg-
ments completed in 2 cycles.

Taken together, these case examples demonstrate apparent variation across chil-
dren in the implementation of the principle of Laryngeal-Supralaryngeal Cyclicity.
Variation was observed in the number of phonemes added in a given phase and in
the number of cycles completed. Some children added one sound per phase of the
cycle, whereas others added multiple sounds. Further, if multiple sounds were added,
this occurred either during a given phase or across multiple phases. The number of
cycles completed by these children ranged from 1 Laryngeal — Supralaryngeal
sequence (S 23) to 3 such sequences (S 12). Overall, the minimum inventory expan-
sion involved the acquisition of 2 new phonemes in 1 completed cycle, whereas the
maximum expansion involved 9 new phonemes in 3 completed cycles. In addition to
such variation, the precise way in which a laryngeal or supralaryngeal distinction
was realized was not predictable from the principle and accordingly was free to vary.
That is, the exact distinction to emerge or the specific segment to be acquired was
left unconstrained by the Cyclicity principle, except with regard to its fundamental
character being a laryngeal or a supralaryngeal property. For instance, a supralaryn-
geal distinction could be manifested by the introduction of a new place contrast only,
a new manner contrast only, or both new places and manners relative to the existing
sound system. Importantly, the range of variation that was observed was not associ-
ated with a child’s chronological age or the time span between pre- and two weeks
posttreatment inventories (Table 1), as might be predicted by other alternative devel-
opmental stage accounts of phonological acquisition (Smit et al., 1990). Because
Laryngeal-Supralaryngeal Cyclicity was relatively unconstrained in its formulation,
such variation was not only tolerated but expected by the principle.

In summary, the principle of Laryngeal-Supralaryngeal Cyclicity applied without
exception to the inventories of 15 children with phonological delays. Despite con-
siderable individual differences among these children, a pattern of acquisition was
discernible. Further, the nature of this pattern was delineated, i.e. cyclicity, and the
nature of this cyclicity was characterized, i.e. alternations of laryngeal and suprala-
ryngeal expansion. Thus, the principle of Laryngeal-Supralaryngeal Cyclicity
defined a possible course of phonological acquisition. Because the principle is
underdetermined, individual variation in its implementation was permitted (cf.
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Dinnsen, 1992; Mohanan, 1992). Within lawfulness then, there was flexibility.
Given this, the principle has the potential to integrate observed asymmetries in the
development of phonemic inventories, and to contribute to more general issues asso-
ciated with acquisition and phonological theories.

6. Implications and research directions
6.1. Adequacy of Laryngeal-Supralaryngeal Cyclicity

Because the aim of this investigation was to examine the structure of phonemic
inventories of children with phonological delay and to advance a principle to recon-
cile noted dichotomies in structure, it is necessary to reconsider these asymmetries in
light of the proposed principle of Laryngeal-Supralaryngeal Cyclicity. Recall that
four asymmetries were observed as related to the emergence of voice and place dis-
tinctions, and the emergence of affricates as opposed to liquids (p. 6). These asym-
metries can be accounted for by Laryngeal-Supralaryngeal Cyclicity because they
are simple derivatives of the principle.

First, voice distinctions were observed in advance of place distinctions in devel-
oping systems. This asymmetry is captured by the principle given the two phases of
the cycle, laryngeal and supralaryngeal.

Second, the emergence of a voice distinction was realized first in the stop series.
Then, voice was extended in sequence to the fricatives, and finally to the affricates.
Consistent with the principle, this is traced in the ordered and parallel sequence:
Supralaryngeal distinction involving stops — Laryngeal distinction in stops —
Supralaryngeal distinction involving fricatives — Laryngeal distinction in fricatives
— Supralaryngeal distinction involving affricates — Laryngeal distinction in
affricates.

Third, affricates emerged following fricatives to the exclusion of liquids, and lig-
uids emerged following fricatives to the exclusion of affricates. As was discussed
previously (p. 7), the asymmetric acquisition of affricates versus liquids involves
marking a more general supralaryngeal distinction in the cycle.

Finally, the emergence of affricates versus liquids and the extension of voice
across the obstruent series appeared to be related. That is, affricates occurred con-
current with an obligatory voice distinction in both the stops and the fricatives,
whereas the emergence of liquids required no necessary voice distinction. The close
association between affricates and voicing is consistent with the sequence depicted
above for the repetitive extension of voice across the obstruent series. That is, in
order to add an affricate to the system, it seems that a series of at least four prior
phases of the cycle must be completed, namely, Supralaryngeal — Laryngeal in
stops, Supralaryngeal — Laryngeal in fricatives. This can be further exemplified by
the longitudinal expansion of the phonological system of Child 11 of this study
(Table 3). In contrast, the lack of association between liquids and voicing is one indi-
cation that liquids may be acquired as a supralaryngeal distinction simultaneous with
the occurrence of fricatives, as in the emergence of multiple sounds in a given phase.
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Here, fewer cycles may need to be completed prior to the addition of liquids, partic-
ularly Supralaryngeal — Laryngeal in stops followed by Supralaryngeal in fricatives
and affricates. This pattern was also reflected in the longitudinal data set for Child 3,
whereby fricatives and liquids emerged simultaneously as supralaryngeal distinc-
tions. With regard to this final asymmetry, notice that both affricates and liquids
were considered instances of the supralaryngeal phase, but the introduction of each
seemed to require that the sound system undergo different numbers of cycles, with
affricates potentially requiring more prior cycles than liquids. Thus, the cyclic nature
combined with the laryngeal and supralaryngeal domains of the acquisition principle
provide a cohesive account of observed symmetries, asymmetries, and recurrences in
developing phonemic systems.

Laryngeal-Supralaryngeal Cyclicity can be extended further as an account of
other phonological asymmetries of voice and place that presumably differentiate nor-
mal development from phonological delay (Ingram, 1990a, 1992a). Recall that
Ingram observed a tendency for children with phonological delays to introduce voice
distinctions in advance of place distinctions in the word-initial position of stops.
Conversely, children with normally developing phonologies tended to evidence the
reverse sequence, with place distinctions acquired before voice contrasts. The order
of emergence of voice and place in word-initial stops was interpreted by Ingram as
a defining and differentiating characteristic of these two populations. However, if the
proposed cyclic course of laryngeal-supralaryngeal acquisition is accepted, then all
children (albeit normal or delayed) would show both patterns: voice before place
distinctions, and place before voice distinctions. These would be reflected in aiter-
nating phases of the cycle, as in Fig. 2. Following Ingram, a normally developing
child may initiate the acquisition cycle in the sequence Supralaryngeal — Laryngeal.
In the return cycle, this very same ‘normally developing’ child would follow the
sequence Laryngeal — Supralaryngeal, presumably a characteristic of phonological
delay. Accordingly, normally developing sound systems would exhibit both ‘normal’
and ‘delayed’ properties; the same would be true of delayed phonological systems.
This, in fact, was realized in the data of individual subjects as reported by Ingram
(1992a: 3). Specifically, some normally developing children did exhibit the sup-
posed pattern of ‘delay’, whereas other delayed children showed the pattern pre-
sumed to be ‘normal’. By adopting the principle of Laryngeal-Supralaryngeal
Cyclicity, this differentiation between normal and delayed populations is no longer
necessary. Such-a distinction becomes simply an artifact of the noted asymmetries.
Thus, the appeal to Laryngeal-Supralaryngeal Cyclicity in interpreting these data
has the further advantage of demonstrating continuity in development by providing
a unified perspective on language acquisition for all children, normal or delayed (cf.
Dinnsen, 1992; Ingram, 1992b).

6.2. Extensions of cyclicity to other aspects of phonological development
Cyclicity has been reported in connection with other aspects of the study of lan-

guage, for example, rule application (Chomsky and Halle, 1968; Kiparsky, 1982).
For this reason, it may be an underlying component of acquisition with possible
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"delayed”

Voice > Place

N

"normal”

Fig. 2. Laryngeal-Supralaryngeal Cyclicity as an account of observed differences in the order of emer-
gence of voice and place distinctions in the phonologies of normally developing children versus those
with phonological delays (Ingram, 1990a, 1992a).

extensions to other domains of language besides the emergence of the consonantal
system of English. In particular, the course of vowel acquisition in Hungarian as
documented by Fee (1991, 1992) appears to have cyclic properties (although this is
not Fee’s interpretation). Vowel acquisition in this language was reported to proceed
in order with the emergence of a distinction between: (1) /a o/, (2) /a e/, 3) /e i/
simultaneous with /o u/, and (4) /u i/ simultaneous with /o &/. This sequence of
vowel emergence demonstrates a possible alternation between height (i.e. high ver-
sus low) and depth (i.e. front versus back) contrasts. Notice especially that height
differences are marked by the emergent vowel distinctions in (1) and (3) above,
whereas depth differences are marked by the vowel distinctions in (2) and (4). Given
this, the domains of the cycle for vowel acquisition in Hungarian may involve height
and depth properties yielding, for example, a possible principle of Height-Depth
Cyclicity.

6.3. Implications of Laryngeal-Supralaryngeal Cyclicity for phonological theory

With regard to current phonological theory, Laryngeal-Supralaryngeal Cyclicity
may help define the relevant components of a phonological representation and the
hierarchical relationship among these. From the perspective of feature geometry in
particular, these acquisition data suggest that Laryngeal and Supralaryngeal are rele-
vant properties to be represented as nodes in the grammar (see Iverson, 1989;
McCarthy, 1988, for an alternative argument). These nodes appear to be of equal
importance, functioning on par with each other in a sisterhood relationship, as in Fig.
3. Further, Supralaryngeal seems to have Place and Manner as its dependents, and
these also function as coequals (cf. Clements, 1985, 1987; Davis 1989). This claim
is supported by the fact that the supralaryngeal phase was realized in different ways
by the children of this study, that is, place distinctions only, manner distinctions
only, or both place and manner distinctions. The co-occurrence of both place and
manner in a given phase can be taken as further evidence that manner is a constituent
of Supralaryngeal and not a branch of the Root node as some have argued (Paradis
and Prunet, 1991a: 4, 24).3 With continued research, it should be possible to elabo-

3 It is of course possible that no subordinate structure exists in the geometry (cf. Iverson, 1989,
McCarthy 1988).
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Root

Laryngeal Supralaryngeal

Place Manner

Fig. 3. Organizational structure of feature geometry as supported by the principle of
Laryngeal-Supralaryngeal Cyclicity.

rate the details of this geometric representation. Two such extensions come to mind.
In particular, the laryngeal phase of the cycle may be more complex and muitifac-
eted than was established here. Cross-linguistic study of the acquisition of languages
manifesting laryngeal distinctions in ways other than [tvoice] may provide the nec-
essary evidence in this regard. Additionally, cross-linguistic studies of languages that
do not maintain laryngeal distinctions may help to elaborate the alternate suprala-
ryngeal phase of the cycle, such that cycles within the laryngeal-supralaryngeal
cycle may be identified. For instance, a cyclic relationship between place and man-
ner may emerge to further define the geometric structure. Such studies will also
serve to test the universality of the principle.

In conclusion, the principle of Laryngeal-Supralaryngeal Cyclicity holds broad
potential as a testable and defining property of phonological acquisition. It advances
a plausible and cohesive account of observed symmetries, asymmetries, and recur-
rences in phonological development. Observed patterns and individual differences in
the acquisition of phonemic distinctions may be derivative from this principle.
Laryngeal-Supralaryngeal Cyclicity also provides a means of verifying and elabo-
rating the structure of feature geometry by ar »~aling to data from developing sound
systems. In this way then, Laryngeal-Supralaryngeal Cyclicity may be found to be
an important component of a general model of both language and its acquisition.
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