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Abstract

This study expands and further validates cyclicity in the course of phonological
development by exploring a potential relationship between the acquisition of
singletons and clusters. The hypothesis is that children will acquire singletons
followed by clusters in an alternating and recursive pattern, in complement to
observed subsegmental cyclicity involving larnygeal and supralaryngeal distinc-
tions. Six children with functional phonological disorders participated in one of
three experimental conditions administered as a staggered multiple-baseline, mul-
tiple-probe design: treatment of singletons only, clusters only, or the singleton—
cluster cycle. Results indicated that a singleton—cluster cycle could be induced
experimentally, but it was not generally sustained by a child in expansion of the
phonological repertoire. In comparison, laryngeal-supralaryngeal cyclicity was
consistently maintained by all children, independent of experimental condition.
A theoretical implication of these findings is that cyclicity functions as a governing
principle of phonological development, but only if it is inherent to the natural
domain of language. The clinical application of cyclicity in structuring treatment
is considered.
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Introduction

Recursive behavioural patterns have recently been identified in the course of child
development. These patterns characterize a wide range of developing systems, includ-
ing the sensory system in the beginnings of sucking (Barlow, Finan and Andreatta,
1997), the motor system in the evolution of upright stepping (Thelen and Smith,
1994), the cognitive system in the formation of categories (Smith and Thelen, 1993),
and the linguistic system in the emergence of phonological complexity (Mohanan,
1992). Such recursive patterns across developmental systems have given rise to the
hypothesis that the course of development itself may be cyclic, and that the true
task for developmental theory is to identify the relevant domains of the cycle for
each system and to determine how these may interact.
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For the linguistic system, in particular, the cyclic relationships which have been
identified involve the subsegmental level of representational structure. That is, chil-
dren appear to expand their phonemic repertoires by elaborating featural distinctions
in a recursive way. For example, in expansion of the vowel inventory, cyclicity has
been observed between additions of new height, then new depth distinctions.
Evidence of a cyclic height-depth relationship comes from descriptive studies of
normal children acquiring Hungarian (Gierut, 1994: 20 as based on data from Fee,
1991, 1992), whereby vowel acquisition reportedly proceeds in the order (1) /a, o/,
(2) /a, ¢/, (3) /e, i/ simultaneous with /o, u/, and (4) /u, 1i/ simultaneous with /o,
8/. Height differences are represented by the emergent distinctions in (1) and (3),
where a high vowel contrasts with a low vowel; whereas depth differences are noted
by the vowel distinctions in (2) and (4), where a front vowel contrasts with a back
vowel. Similarly, in expansion of the consonantal repertoire, cyclicity between laryn-
geal and supralaryngeal distinctions has been documented, such that children acquire
new voice distinctions followed by place/manner distinctions in consecutive phases.
Laryngeal-supralaryngeal cyclicity has been reported in descriptive studies of normal
and phonologically disordered children acquiring English (Ingram, 1990, 1997;
Gierut, 1994), and in experimental studies that aimed to induce the cyclic pattern
in clinical treatment of children with phonological disorders (Gierut, 1996; Gierut
and Morrisette, 1996).

The experimental treatment studies were especially informative because they
made it possible to monitor individual differences in the implementation of laryngeal—
supralaryngeal cyclicity, and to manipulate certain well-defined exclusions to the
predicted cyclic patterns. Individual differences are tolerated because a notion of
cyclicity does not dictate which phase will initiate the cycle. The onset of the cycle
as a laryngeal or a supralaryngeal distinction is free to vary across children, and
depends on an individual presenting phonemic system. Individual differences are
further permitted because cyclicity does not predict the precise way in which a
laryngeal or supralaryngeal distinction will manifest itself within each phase. This
is underdetermined so that the same general property (either laryngeal or supralaryn-
geal) can be realized segmentally in different ways by different children. For instance,
a supralaryngeal distinction may be effected by the introduction of a new place
contrast only, a new manner contrast only, or both new places and manners relative
to a child’s existing sound system. Similarly, a laryngeal distinction may take the
form of a voiced or voiceless counterpart to a segment that is functioning contrast-
ively in a child’s system, but it does not necessarily need to be the cognate. For
example, Gierut (1996: 93) documented a case where the emergence of /z/ marked
a laryngeal distinction in contrast to /f 0 [/. For this child the supralaryngeal
characteristics of /z/ were wholly predictable from the single feature [+ voice]. On
the basis of a laryngeal distinction alone, /z/ was differentiated from all other
continuants in this child’s inventory in the absence of any cognate pairs (see Dinnsen,
1992 for comparable examples; also, Gierut, Elbert and Dinnsen, 1990 for discussion
of the (non)relevance of cognates). Thus, the main consideration in establishing a
contrast as laryngeal or supralaryngeal involves the featural redundancies and dis-
tinctions, and not the segmental composition, of a child’s presenting phonemic
system (Gierut, 1992, 1996). Finally, individual differences are allowed in the number
of segments added in a given phase, and in the number of cycles completed by a
child. If multiple sounds are added at a single point in time, they all mark an
identical distinction, either laryngeal or supralaryngeal. If multiple cycles are
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completed, they conform to the more general alternating pattern of laryngeal, then
supralaryngeal contrasts. The extent of phonemic expansion has been shown to be
influenced by the experimental treatment manipulations and also by the phase
duration (Gierut, 1994; Gierut and Morrisette, 1996).

While individual differences are allowed, cyclicity does constrain the nature and
range of possible variation. Consider that, in laryngeal-supralaryngeal cyclicity,
there should never be a case of a child acquiring a laryngeal distinction followed by
a consecutive laryngeal distinction, with the same being true for consecutive supra-
laryngeal distinctions. It is also the case that there should be no instances of laryngeal
and supralaryngeal distinctions emerging simultaneously. The reason is that these
acquisition patterns would violate the alternating relationship between laryngeal and
supralaryngeal properties. Thus far, these two well-defined exceptions constitute the
conditions of falsifiability which have been put to experimental test. As explicated
in Gierut (1994: 8-18), other possible, but less stringent, exclusions to laryngeal—
supralaryngeal cyclicity may be associated with phase duration, phase completion,
or phonotactic permissibility, thereby contributing to its falsifiability, but these
remain to be established empirically.

In the prior experimental manipulations, children with phonological disorders
were taught new distinctions that were either consistent with, or that violated, the
cyclic laryngeal-supralaryngeal pattern. Three key findings emerged from the collect-
ive results. First, all children elaborated their phonemic inventories in a manner
consistent with laryngeal-supralaryngeal cyclicity. This attested to the existence of
a subsegmental cycle, and supported the proposal that laryngeal and supralaryngeal
properties are represented underlyingly at the same hierarchical level of phonological
structure (cf. Davis, 1989). Second, the greatest overall learning was observed for
children who were taught featural distinctions that were ‘out-of-phase’ relative to
their pretreatment phonemic repertoires. To illustrate the notion of phase relation-
ship, consider a child who presents an asymmetry in the inventory associated with
voicing. For this child, the next expected phase of the cycle (i.e., ‘in-phase’) would
be laryngeal, whereas supralaryngeal would be ‘out-of-phase’ (see Gierut, 1996 for
detailed discussion). Children who were taught new distinctions ‘in-phase’ either
acquired the treated distinction or learned nothing at all. In comparison, those who
were taught ‘out-of-phase’ first acquired the next expected (but untreated) distinction
‘in-phase’, then advanced to producing the treated distinction ‘out-of-phase’, and
finally went on to propagate the cycle. Third, in order for treatment to be most
effective, it was necessary to introduce laryngeal and supralaryngeal as the relevant
domains of the cycle, in addition to demonstrating the recursive relationship between
these properties. Together, the results supported the validity of laryngeal-supralaryn-
geal cyclicity, and identified the most efficacious teaching conditions that may be
utilized clinically in promoting a cyclic course of phonemic expansion.

The purpose of the present study is to expand and further validate cyclicity in
the course of phonological development by exploring a potential relationship between
the acquisition of singletons and clusters. The hypothesis is that children will acquire
singletons followed by clusters in an alternating and recursive pattern. There is
preliminary empirical motivation for a singleton—cluster relationship that comes
from several sources. It is well known that clusters present difficulty in acquisition
for children who are normally developing, as well as for those who are phonologically
disordered (Smit, 1993; McLeod, van Doorn and Reed, 1997). Also, in treatment,



484 J. A. Gierut

mastery of a cluster has been shown to facilitate the subsequent acquisition of
singletons (Elbert, Dinnsen and Powell, 1984; Powell and Elbert, 1984). Further,
within the specific treatment programme advanced by Hodson and Paden (1991),
clusters and singletons are routinely targeted in succession. This programme of
intervention has been deemed extremely successful in descriptive reports of treatment
efficacy (Gordon-Brannan, Hodson and Wynne, 1992; Hodson, 1983). Perhaps, its
success can be attributable to the fact that it capitalizes on the basic (cyclic) way in
which the development process takes place.

Importantly, the possible relationship between singletons and clusters advances
the study of cyclicity beyond the subsegmental level of representational structure.
The focus shifts to subsyllabic structure, with particular emphasis on the skeletal
tier which delineates the timing slots of a lexical item in word-level phonology
(Kenstowicz, 1994). Singletons occupy only one timing slot (i.e. C), whereas clusters
are presumed to occupy two (i.e. CC). Moreover, singleton—cluster cyclicity affords
another look at laryngeal-supralaryngeal cyclicity, but within a larger and interactive
context. That is, for every singleton that may be acquired in the singleton—cluster
cycle, it is also expected that laryngeal-supralaryngeal cyclicity would be maintained.
For example, an expected sequence might be acquisition of a cluster—acquisition of
a singleton marking a laryngeal distinction —acquisition of a cluster—acquisition of
a singleton marking a supralaryngeal distinction, and so on. While the particulars
of the subsegmental phases of the hypothesized cluster—singleton cycle are predictable
from prior evidence of laryngeal-supralaryngeal patterns, the same level of detail
has yet to be determined for the intervening subsyllabic phases involving cluster
acquisition (Gierut, 1998). Thus, singleton—cluster cyclicity examines recursive
relationships at another level of representational structure, but it also examines
interactions between levels.

This paper reports the experimental results of a test of singleton—cluster cyclicity.
By way of overview, six children with functional phonological disorders participated
in one of three conditions: treatment of singletons only, clusters only, or the single-
ton—cluster cycle. Each child was taught four targets in sequence, with intervening
probes to measure generalization and change in the productive sound system. If
singleton—cluster cyclicity obtains, then a primary prediction is that children who
are taught a series of singletons only or clusters only will evidence the greatest
learning. These children will acquire the treated, and also the untreated domains of
the singleton—cluster relationship. This will be in contrast to children who are directly
taught the singleton—cluster cycle, and who will likely learn only what is treated. A
secondary prediction is that, regardless of experimental teaching condition, laryn-
geal-supralaryngeal cyclicity will be observed during the singleton phases of the
putative singleton—cluster cycle.

Methods

Participants

Six children diagnosed with functional phonological disorders participated. Mean
age of the children was 4;3 (range=3;2 to 7;3). Initial entry criteria required that
children perform below the 20th percentile on the Goldman-Fristoe Test of
Articulation (Goldman and Fristoe, 1986) relative to age- and sex-matched peers,
and to produce a minimum of 30 errors in singleton sound production and broad-
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based errors in cluster production on this measure. With exception of $49’s accurate
production of the target cluster /bl/, all children evidenced a global pattern of cluster
reduction. More detailed analyses of children’s phonological systems were developed
after it was also determined that their performance was within normal limits on
standard measures of hearing acuity (ASHA, 1985), oral-motor structure and
function (Robbins and Klee, 1987), non-verbal intelligence (Levine, 1986), and
expressive/receptive language (Hresko, Reid and Hammill, 1981; Newcomer
and Hammill, 1988). All children resided in monolingual English-speaking homes
and had not received prior phonological intervention.

Pretreatment phonological systems

Phonological analyses were developed from speech samples that were elicited in
picture-naming tasks. Two phonological probes were utilized: the Phonological
Knowledge Protocol (PKP) and the Onset Cluster Probe (OCP). The 198-item PKP
samples all target English consonants in all relevant word positions in a minimum
of five different exemplars (Gierut, 1985). (Target /3/ is not sampled on the PKP
given its frequency of occurrence and lexical predictability, cf. Labov, 1994: 328).
The 146-item OCP samples all target English two- and three-clement clusters in
word-initial position in a minimum of five different exemplars (see appendix). As in
our prior work, the words of each probe were pictured, independently randomized,
and assembled in a book format for elicitation purposes. Unique picture books were
developed for use in longitudinal probe administrations in order to prevent a child’s
productions from becoming stimulus-bound; that is, the probe words remained the
same, but the pictures varied across repeated samples. Children spontaneously named
the pictures on each page of the probe book, with the clinician providing relevant
cues in the form of questions (e.g. “What color is the block?’) or cloze sentences
(e.g. “The boy is sitting on the ___."). If a child did not respond spontaneously, the
clinician provided further assistance in the form of delayed imitation (e.g. “This
block is blue. See the blue block. What colour is the block?’). If there was still no
response, the clinician incremented the level of support to direct imitation (e.g. ‘Say
blue.”). Responses were coded as spontaneous, delayed, or direct imitation, with no
apparent variation in responding associated with level of cueing. Speech samples
were audiorecorded, and then phonetically transcribed by trained listeners using
narrow notation of the IPA. The samples were analysed to determine a child’s
phonemic inventory of singleton segments and the minimal distance in sonority
permitted in onset cluster production.

The phonemic inventory was defined by a conjunction of two criteria, following
procedures outlined by Gierut, Simmerman and Neumann (1994). Qualitatively, a
sound had to be used contrastively in two unique sets of minimal pairs, irrespective
of the ambient phonology. Quantitatively, a sound was assigned phonemic status if
it was also produced with a minimum of 6% accuracy relative to the ambient
phonology. These criteria were invoked so as to incorporate both independent and
relational considerations in a conservative estimate of the phonemic system, such
that a child was required to demonstrate a certain degree of linguistic competence
that also was in conformity with the target language. Sounds that met these condi-
tions were included in the phonemic inventory; all other ambient sounds were taken
to be excluded from the repertoire and served as potential treatment targets.








