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Abstract
The effects of the age of acquisition (AoA) of words were examined in the clinical treatment of 10
preschool children with phonological delays. Using a single-subject multiple-baseline
experimental design, children were enrolled in one of four conditions that varied the AoA of the
treated words (early vs. late acquired) relative to their corresponding word frequency (high vs. low
frequency). Phonological generalization to treated and untreated sounds in error served as the
dependent variable. Results showed that late acquired words induced greater generalization, with
an effect size four times greater than early acquired words, whereas the effects of word frequency
were minimized. Results are discussed relative to hypotheses about the role of AoA in language
acquisition and the relevance of this variable for phonological learning.

The study of phonological acquisition has benefited from new insights about the structure,
organization, and development of the mental lexicon. An emerging view is that phonology
and the lexicon interact, such that words as units are as influential to the process of
phonological learning as are the individual sounds that make up those words (Storkel &
Morrisette, 2002). This paper builds on this perspective by exploring how the estimated age
of acquisition (AoA) of a word bears on phonological learning by preschool children who
present with phonological delays. This population affords a unique window onto the process
of phonological learning because the children have reduced consonantal inventories that
contribute to unintelligibility and that warrant treatment. Treatment may be designed as an
experiment to induce learning, allowing for a carefully controlled evaluation of the variables
that contribute to production accuracy and accelerate generalization to treated and untreated
sounds in error. It is in this context that we evaluate the impact of AoA.

The theoretical motivation for the work builds on models of spoken word recognition, which
have isolated various attributes of words that influence behavioralperformance in perception,
production, and lexical retrieval. Although the literature on this topic is burgeoning with
respect to the performance of adults and typical children, few studies have explored how the
attributes of words affect the ways in which children with phonological delays acquire the
sound system in the context of treatment. To our knowledge, neighborhood density and
word frequency are the only parameters that have been evaluated experimentally from a
treatment vantage for children with phonological delays, and thus are the focus of the
review.
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NEIGHBORHOOD DENSITY AND PHONOLOGICAL TREATMENT
One working hypothesis is that words of the lexicon are organized into neighborhoods.
Neighborhoods consist of phonetically similar sounding words that differ from each other by
a one phoneme substitution, deletion, or addition, for example, “rat” is a neighbor of “bat,”
“at,” and “frat,” among others (Luce & Pisoni, 1998). The number of neighbors to a given
word varies, thereby yielding dense versus sparse pockets of the lexicon. This organization
has consequences for spoken word recognition: words from dense neighborhoods have an
inhibitory effect on performance in studies of adults, with slower and less accurate
responding on a variety of psycholinguistic tasks (e.g., Luce, Pisoni, & Goldinger, 1990;
Munson & Solomon, 2004; Vitevitch, 1997).

In typical development, however, infants and children appear to benefit in lexical
development from dense neighborhood structure (Charles-Luce & Luce, 1990; Jusczyk,
Luce, & Charles-Luce, 1994; Walley, Metsala, & Garlock, 2003). One thought is that
children’s early words are stored with only the coarsest phonological structure (e.g.,
consonant-vowel-consonant). As new words are added to the lexicon, the density of lexical
neighborhoods increases accordingly. Because of the increased density, children are forced
to elaborate the phonological structure of words in order to uniquely differentiate one form
from another. Increases in vocabulary size lead to increases in neighborhood density, which
in turn prompt the reorganization and refinement of the phonological quality of lexical
representations. This premise is the foundation of the lexical restructuring model (LRM;
Metsala & Walley, 1998; Walley, 1993), which has gained empirical support from
converging sources, including for example, studies of infant perception (Jusczyk et al.,
1994), phonemic awareness and early reading skills (Walley et al., 2003), spoken word
recognition (Metsala, 1997a), and corpora analyses (Logan, 1992). These data
notwithstanding, it is relevant that there are other reports, which run counter to claims of a
density advantage in language acquisition (e.g., Dollaghan, 1994; Gierut & Morrisette,
1998; Metsala, 1997b). Although discrepancies in results may be traced to differences in
methodology, task, modes of responding, or age, there is one critical issue that has largely
been ignored with respect to the LRM. Specifically, the LRM predicts that dense
neighborhood structure goes hand in hand with more complex or advanced phonological
representations. To our knowledge, there is just one study that has attempted to establish
whether phonological complexity is realized relative to neighborhood density. In that study,
Smith, McGregor, and DeMille (2006) evaluated typical children, who varied in their lexical
proclivity such that some presented with age-expected vocabularyskills and others, with
precocious abilities. By the LRM, those with precocious lexical skills/denser neighborhoods
would be expected to also have more advanced phonologies. Results showed, however, that
despite differences in vocabulary size, children were strikingly similar in their acquisition
and use of the ambient phonology (for similar findings for children with phonological
delays, see Morrisette, McAllister, & Gierut, 2009). Thus, the predictions of the LRM,
particularly as associated with phonological structure, were not fully borne out. This study is
especially germane because it raises questions about whether dense neighborhood structure
does motivate elaboration or expansion of the phonological system.

It is possible to probe this issue in complementary ways by turning to children with
phonological delays enrolled in treatment and asking whether treatment of an erred sound in
words from dense neighborhoods prompts greater phonological learning. This question was
put to test in a series of studies (Gierut, Morrisette, & Champion, 1999; Morrisette & Gierut,
2002). The general finding was that treatment of words from dense neighborhoods resulted
in little to no phonological generalization. Although children learned to accurately produce
the treated sound in dense words during instruction, they did not also evidence transfer of
learning to the treated or other untreated sounds that were in error. Dense words did not

GIERUT and MORRISETTE Page 2

Appl Psycholinguist. Author manuscript; available in PMC 2013 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



promote the expected lexical restructuring and expansion of the sound system. By
comparison, in that same work, treatment of an erred sound in words from sparse
neighborhoods did facilitate transfer across the sound system. Note that these treatment
results mirror the inhibitory patterns associated with dense neighborhoods and the facilitory
patterns associated with sparse neighborhoods as reported for adults. Neighborhood density
then is one word-level variable that bears on phonological learning in treatment of the
population of study, with sparse (not dense) neighborhood structure having positive
consequences for the phonology.

WORD FREQUENCY AND PHONOLOGICAL TREATMENT
Although neighborhood density may serve to organize the lexicon, it has also been
suggested that each word in a neighborhood has additional properties, which may further
impact the process of spoken word recognition. Word frequency, in particular, exerts
especially robust effects on behavior. High frequency words that occur often in language
facilitate the speed and accuracy of responding in studies of adults, children, and infants
(e.g., Jescheniak & Levelt, 1994; Metsala, 1997a; Oldfield & Wingfield, 1965; Plunkett &
Marchman, 1991). This pattern also holds for children with phonological delays enrolled in
treatment. When an erred sound is taught in high frequency words, children show
systemwide phonological advances, with improved production accuracy across the board to
treated and untreated sounds (Gierut et al., 1999; Leonard & Ritterman, 1971; Morrisette &
Gierut, 2002; cf. Moore, Burke, & Adams, 1976).

Of relevance to the present study is that word frequency is inversely correlated with another
attribute of words, namely, AoA. AoA norms estimate the relative age at which a given
word enters the lexicon. Conventionally, AoA is established from subjective ratings,
whereby groups of participants are asked to judge when they might have acquired a given
set of test words (Gilhooly & Watson, 1981, and references therein). Each test word is rated,
using either a 7- or 9-point scale, witheach point on the scale corresponding to an age
interval. For example, Gilhooly and Logie (1980) employed a 7-point scale to document the
AoA of 1,944 words. In their study a rating of 1 translated to an AoA of 0 to 2 years,
whereas a rating of 7 corresponded to an AoA of 13 years or older. Their data showed that a
word like “button” was early acquired, having been assigned a subjective rating of 1.92,
which corresponded to the 0- to 2-year range. A word like “audit,” by contrast, was acquired
later, having received a subjective rating of 6.42, which translated to the 11- to 12-year
range. It is of note that subjective AoA estimates (albeit 7- or 9-point scales) have high
interscale validity (Carroll & White, 1973; Gilhooly & Gilhooly, 1980; Snodgrass &
Vanderwart, 1980; Walley & Metsala, 1992). It is of further relevance that AoA has
demonstrable behavioral effects on spoken word recognition in adults and children
(Dewhurst, Hitch, & Barry, 1998; Ellis & Morrison, 1998; Gerhand & Barry, 1999a, 1999b;
Morrison & Ellis, 1995; Walley & Metsala, 1992). Specifically, a consistent finding is that
early acquired words facilitate the speed and accuracy of responding relative to later
acquired words.

This observation has attracted theoretical interest in light of the known AoA-frequency
correlation, with various hypotheses having been advanced about the locus of the AoA
effects. Consider that early acquired words have presumably resided in the lexicon the
longest; consequently, they have greater cumulative and experienced frequency (Lewis,
1999a). Early acquired words are likely to be highly familiar, requiring less extensive
processing, with less interference during retrieval (Dewhurst et al., 1998). They might also
be phonologically well specified, having undergone lexical restructuring as neighborhood
density expands (Metsala, 1997a). Early acquired words are often shorter in length and, for
this reason, some might argue they are easier to pronounce (Farwell, 1976). Further, early
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acquired words are more likely to reference concrete concepts that are readily accessible on
semantic grounds, compared to later acquired words that tend to be associated with abstract
concepts (Belke, Brysbaert, Meyer, & Ghyselinck, 2005). Thus, the benefits of early
acquired words may be due to a number of factors associated with, but not limited to
encoding, retrieval, representation, production, and/or semantic transparency. Given this,
one question that arises is whether AoA is the higher order word-level property, with word
frequency being its derivative (Morrison & Ellis, 1995; cf. Gerhand & Barry, 1998).

The same question may be raised about phonological learning by children with delays.
Because treatment of high frequency words led to greater phonological gains for these
children (Gierut et al., 1999; Morrisette & Gierut, 2002), it might be that these were simply
early acquired words masquerading as high frequency items. To our knowledge, there are no
reports of the effects of AoA in treatment of phonological delays. Moreover, the verdict is
out on the role of AoA in typical phonological development. In typical development, AoA
has been considered only with respect to the acquisition of the voice contrast in stops, as
documented in acoustic studies. By one account, voicing is first learned in words that are
early acquired, but only in those forms that are also of high frequency (Tyler & Edwards,
1993). By another account, voicing is first learned in later acquired words (Macken &
Barton, 1980). Yet another view is that AoA has no bearing on the acquisition of voicing
(Mack & Lieberman, 1985). Thus, the function of AoA in typical and atypical phonological
development remains largely unknown.

The purpose of this study was to evaluate the effects of AoA on phonological learning.
Toward this end, children with phonological delays were differentially enrolled in treatment
of erred sounds that were taught in either early or late acquired words. Treated words were
further dissociated in terms of word frequency to unpack the correlation with AoA.
Following from the literature, one prediction is that treatment of early acquired words will
facilitate phonological learning. This is consistent with the effect of treating high frequency
words and the observed AoA-frequency correlation. An alternate prediction is that the
effects of AoA will not align with those of word frequency. It is possible that, by
disambiguating AoA and frequency in treatment as planned, the variables will exert different
effects on children’s phonological learning. The results to emerge will provide preliminary
data about the bearing of AoA on phonological learning, with potential applied
consequences for treatment of children with phonological delays.

Participants
Ten children were recruited by public announcement to area schools, day care facilities, and
early childhood programs. To participate, children had to be identified as having a
phonological delay, characterized by a reduced consonantal inventory. This was established
by performance 1 standard deviation below the normative mean reported for age-and
gender-matched peers on the Goldman-Fristoe Test of Articulation, Second Edition
(Goldman & Fristoe, 2000). In addition, children had to produce at least five target English
sounds with 0% accuracy across contexts as sampled on the Phonological Knowledge
Protocol (PKP; Gierut, 1985). This probe samples all target English sounds in each relevant
word position in multiple exemplars, and provides for the elicitation of minimal pairs and
morphophonemic alternations as evidence of the phonemic status of sounds in a child’s
phonological system. Probe items were elicited using a spontaneous picture-naming task,
with a child’s responses audiorecorded and phonetically transcribed using narrow notation
of the IPA. Transcribed responses were used to compute percentages of accurate production,
and submitted to standard phonological analyses to establish each child’s phonetic and
phonemic inventories, distribution of sounds, and rulegoverned alternations (Dinnsen,
1984).
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In addition to a reduced consonantal inventory, inclusionary criteria for participation
required that children be within 3 and 6 years of age, and perform within typical limits on a
battery of diagnostic tests, which evaluated hearing acuity (American Speech-Language-
Hearing Association, 1997), oral-motor structure and function (Robbins & Klee, 1987),
intelligence (Roid & Miller, 1997), working memory (Kirk, McCarthy, & Kirk, 1968),
expressive and receptive vocabulary (Dunn & Dunn, 1997; Williams, 1997) and language
(Wiig, Secord, & Semel, 1992). The exclusionary criteria included literacy, bilingualism,
and concurrent enrollment in intervention for speech and/or language disorders.

In all, two boys and eight girls qualified for participation. Their mean age was 56.6 months
(range = 46-71 months). Table 1 shows the Goldman-Fristoe Test of Articulation, Second
Edition, scores for each child, along with the sounds excluded from individual phonemic
inventories and experimental assignments. Table 2 reports children’s performance on other
inclusionary measures.

EXPERIMENTAL DESIGN
A staggered multiple baseline (MBL) across subjects design was used in the experimental
manipulation of treatment (McReynolds & Kearns, 1983). The MBL involves a period of no
treatment followed by treatment. The no treatment or baseline phase is incremented as
successive children are enrolled, such that the number of baselines increases by one with
each leg of the design. The underlying premise is that a given child’s performance remains
stable during baseline and changes only with the instatement of treatment, establishing a
cause-effect relationship. The ongoing stability of baselines across successive legs of the
design is taken as demonstration that changes in performance are not attributable to
maturation. If maturation were at work, then the time-lagged baselines of successive
children in the MBL would likewise evidence improvement because these children were
afforded time to mature. Successive legs of the MBL also provide for direct and systematic
replications across children as a reflection of the generalizability of treatment effects.

As applied in this study, the independent variable was treatment of one erred sound in
stimulus words that systematically varied in AoA value; these are described in detail below.
AoA was dissociated from word frequency, such that there were four experimental
conditions: treatment of early versus late acquired words that were either of high versus low
frequency (early-high, early-low, late-high, late-low). Two children each were assigned to
the correlated conditions, earlyhigh and late-low, where AoA and frequency dovetailed.
Three other children each were assigned to the noncorrelated conditions, early-low and late-
high. The latter were of particular interest because they held the potential to disambiguate
the correlation between AoA and word frequency; hence, the increased number of
participants (replications). The dependent variable was generalization, defined as the
percentage accuracy of treated and untreated sounds excluded from a child’s pretreatment
phonemic inventory. Generalization was measured using the PKP, with those sounds
evidencing positive gains pre- to posttreatment being entered into data analysis.

Direct and systematic replications were incorporated into the design to establish
generalizability (McReynolds & Kearns, 1983). This is illustrated in Table 3, which
provides an overview of the experimental design. Direct replications were planned in the
orthogonal variation of AoA and word frequency, enrolling two or three children.
Systematic replications were planned by blocking experimental variables, in evaluation of
AoA independent of word frequency, and of word frequency independent of AoA. Direct
and systematic replications were also accommodated in the sound that was treated based on
projected orders of acquisition, as outlined below.
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Treated stimuli
Each child was taught one erred sound in the initial position of six stimulus words that were
specifically selected to align with the assigned experimental condition. The treated sound
was pseudorandomly selected based on observed gaps in a given child’s presenting
phonemic inventory; however, the treated sound was limited to either /k/, /∫/, /f/, /t∫/. These
are among the mid- and late-8 phonemes,as defined by a classification scheme (Shriberg,
Kwiatkowski, & Gruber, 1994) that organizes sounds into sets of eight based on their
relative order of emergence in children’s inventories. Treated sounds were chosen from the
mid- and late-8 categories because these are commonly lacking in the inventories of children
with phonological delays (Ingram, 1997; Shriberg et al., 1994). By varying the treated sound
across children and conditions in this way, direct and systematic replications based on mid-
versus late-8 phonemes were afforded. This also controlled for spurious effects of the treated
sound on phonological learning. By incorporating more than one treated sound into the
overall design, it was possible to determine that learning was due to AoA and not the treated
sound per se.

Stimulus words used in treatment were chosen based on their AoA and word frequency
values. AoA was defined in reference to Gilhooly and Logie (1980) and Bird, Franklin, and
Howard (2001). It was necessary to consult two AoA corpora to yield an adequate set of
items that were picturable, child-appropriate, and crucially distinct in their word frequency
values. As was noted, the Gilhooly and Logie corpus comprises 1,944 words, with Bird et al.
(2001) consisting of 2,694 words. The corpora are both based on 7-point rating scales, and
shown to be comparable (Bird et al., 2001). In this study, the mean AoA of early acquired
words was 2 (estimated age of 3-4 years). The mean AoA of late acquired words was 4
(estimated age of 7-8 years). Early and late AoA categories were confirmed as statistically
independent by t test analysis, t (58) = -9.16, p = .000. Word frequency was operationalized
relative to Kučera and Francis (1967). The mean raw frequency was 291 occurrences per
million for high frequency items and 22 occurrences per million for low frequency items.
These were also statistically independent categories, t (58) = 2.84, p = .006.

Treated stimuli were weighted to partially favor words from dense neighborhoods, where
density was defined as 10 or more neighbors (Luce, 1986). The partial weighting of dense
neighborhood structure was intended to balance the observed inhibitory effects of density on
phonological generalization (Morrisette & Gierut, 2002) against the apparent facilitory
effects of density that are associated with lexical restructuring (Walley, 1993). Across
conditions, the mean density of treated words was 13. Within a condition, the ratio of dense
to sparse words was 1.4:1. Thus, all children were presented with a mix of words from
sparse and dense neighborhoods in an effort to potentially promote phonological
generalization and/or lexical restructuring.

In addition, treated stimuli were further equated on a range of complementary variables to
minimize potential extraneous influences on phonological learning. As in Table 4, the
following were controlled across experimental conditions: imageability, familiarity,
neighborhood frequency, phonotactic probability (i.e., sums of segment frequency and
biphone frequency), and word length. Of these, imageability warrants comment due to
debates about whether AoA has a semantic or phonological origin (Brysbaert, Van
Wijnendaele, & De Deyne, 2000). The imageability of words is thought to reflect their
semantics (Snodgrass & Vanderwart, 1980); therefore, by controlling imageability, the
semantics of the treated stimuli would be held constant so as to focus on the phonological
side of AoA. One-way analyses of variance showed no statistically significant differences in
the variables that were controlled, as reported in Table 4. Further, a chi-square test showed
no statistically reliable difference in the distribution of treated stimuli by syntactic category
across early versus late acquired conditions, ϰ2 (1, N = 60) = 4.31, p > .05.
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Treatment procedures
Children were provided treatment three times weekly in 1-hr individual sessions. Treatment
followed a conventional protocol (Gierut, 2008) consisting of two phases. The first phase
involved imitation of the one treated sound in the treated words. During imitation, a child
viewed a picture of the treated word on a computer screen; the clinician said the depicted
word; then the child was to repeat this word. Feedback about the accuracy of responding
was provided on a continuous schedule. In the case of inaccurate productions, the clinician
provided instructions about articulatory placement, and an additional model of the form was
presented. Imitation continued until a child achieved 75% accuracy of production of the
treated sound in the treated words over two consecutive sessions or until seventotal sessions
were completed, whichever occurred first. Following this, treatment shifted to spontaneous
naming. The child again viewed the picture of the treated word on a computer screen, but
was to independently name the item with accurate production of the treated sound. Feedback
and instruction were provided in the same manner outlined for the imitation phase. The
spontaneous phase continued until a child achieved 90% accuracy of production over 3
consecutive sessions or until 12 total sessions were completed, whichever occurred first. The
treated sound and stimuli remained constant throughout treatment.

During treatment, generalization learning was measured using the full PKP, along with
various subsets of that probe. The full PKP was administered at baseline, phase shift from
imitation to spontaneous production, and again immediately posttreatment. During
treatment, only those sounds excluded from a given child’s inventory were sampled, with
subset probes being administered on a variable ratio schedule averaging two sessions.

Data analysis and transcription reliability
Day to day accuracy in treatment was evaluated to determine advancement through the
treatment program, and to demonstrate that learning had taken place. Across conditions, all
children evidenced learning of the treated sound. Mean accuracy of production of the treated
sound in the treated stimuli was 89% during the imitation phase, and 98% during the
spontaneous phase of instruction. Performance for children assigned to the early AoA
conditions ranged from 85% to 100% accuracy and for those assigned to the late AoA
conditions ranged from 73% to 100% accuracy. This served to document that phonological
learning occurred under the different AoA conditions, from which children were left free to
generalize in keeping with the dependent variable.

Generalization was computed as percentage accuracies based on the PKP performance of
each child. Recall that generalization was the primary dependent measure, and that all
sounds excluded from a given child’s pretreatment inventory were monitored in all relevant
word positions for production accuracy. This included the treated sound, as well as other
untreated sounds in error at baseline. These data were derived longitudinally from phonetic
transcriptions of the PKP. To ensure reliability of transcription, an estimate of interjudge
agreement was obtained. Two trained listeners independently transcribed approximately
10% of the PKP data from each child using narrow notation of the IPA. Consonant
transcriptions were compared point to point, with mean interjudge agreement being 93%
based on 2,982 consonants transcribed.

Generalization data from each child were then examined from qualitative and quantitative
perspectives, following procedures established in the literature (Morrisette & Gierut, 2002,
and references therein), with one new addition. Briefly, the qualitative description of
generalization applied the accepted criterion level of 10% or greater mean generalization
accuracy (Elbert, Dinnsen, & Powell, 1984) as the operational definition of learning. For
each experimental condition, generalization learning was examined to see if the 10%
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criterion was met. The resulting description afforded initial insight to which treatment
conditions might have induced generalization learning.

This was followed by two complementary quantitative analyses to determine whether the
treatment conditions also resulted in statistically reliable generalization and to establish the
relative magnitude of the generalization gains. The rank procedure for replicated AB MBL
design was applied consistent with Morrisette and Gierut (2002) to establish generalization
by condition as a statistically reliable effect. In short, this procedure makes use of the
combined Sign Test (Marascuilo & Serlin, 1988) by combining behaviors across subjects for
increased power. Mean generalization accuracy of the treated sound, untreated (erred)
sounds from the same manner class as the treated sound, and untreated (erred) sounds from
different manner classes than the treated sound were factored into analysis for each child.
For each factor, mean baseline performance and longitudinal generalization were ranked,
with the difference between ranks totaled by experimental condition; this takes into account
the range of variation observed within a condition. A binomial distribution (p = .05) was
then used to determine whether the resulting general-ization was statistically reliable by
condition. It should be noted that the number of factors that went into analysis varied due to
the number of children enrolled (i.e., two vs. three replicants). The opportunity for different
types of generalization also varied given children’s presenting inventories (e.g., Child 5 only
excluded fricatives as shown in Table 1; hence, generalization across manner classes could
not be instantiated).

In addition to the rank procedure, quantitative analyses included the calculation of effect
size for single-subject experimental design. To our knowledge, effect size has not been
reported in prior single-subject studies of phonological treatment and is thus a novel
extension. For this reason, the use of effect size for single-subject experimental design
warrants further explanation.

Effect size computations are being increasingly advocated for single-subject designs to
quantify treatment efficacy, with an eye toward contributing to meta-analyses of small n
studies (Schlosser, 2005). Effect size captures the magnitude of learning that takes place
under a given treatment condition. Effect size values are then compared across conditions to
identify which is relatively most efficacious. Both regression and nonregression formulas
have been evaluated to determine their applicability to single-subject design. A consensus is
that nonregression techniques are more conservative and tend not to overestimate the effects
of treatment (Campbell, 2004).

Within the recommended family of nonregression techniques, different effect size metrics
are likewise available. In evaluation of these, the standard mean difference (SMD) has
emerged as a preferred analysis (Olive & Smith, 2005). To compute SMD, the mean of the
baseline data is established, along with the mean of the (probe) data collected during
treatment. Then, the difference between baseline and probe data is obtained, and divided by
the standard deviation of the baseline to achieve the effect size d. This takes into account
baseline variability within a condition (Busk & Serlin, 1992). There are two variants of
SMD, one that utilizes the first and final three points of baseline and probe data, respectively
(SMD3), and one that utilizes all baseline and probe data (SMDall). Although both are
acceptable, the latter is preferred because it employs the richest set of data, is easy to
compute, is most readily interpretable, and results in a conservative estimate of gain.

The interpretation of d then follows from empirically generated standards about the
magnitude of effect for particular treatments. Although benchmarks for the d statistic have
been established for between group designs, it is inappropriate to extend these to other
contexts (Cohen, 1988). Consequently, single-subject applications must begin to generate
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standards to assess whether specific treatments yield small, medium, or large effect sizes.
Thus far, tentative benchmarks have been identified for syntactic production and lexical
retrieval treatments applied to aphasia (Beeson & Robey, 2006). For syntactic treatment,
effect sizes of 6.0, 12.0, and 18.0 correspond to small, medium, and large effects,
respectively. For lexical retrieval treatments, 4.0, 7.0, and 10.1 have been advanced as small,
medium, and large effect sizes, respectively. To our knowledge, there are no studies of
phonological treatment per se that have offered guidelines for interpretation of magnitude of
effect; this study thus will be a first step in this direction.

For purposes of the present study, SMDall was used in data analysis to establish the relative
magnitude of generalization that obtained. SMDall was computed for the orthogonal
manipulations of AoA relative to word frequency to document d as the effect size by
condition. In addition, independent effect sizes were computed for AoA (early vs. late),
word frequency (high vs. low), and age of sound acquisition (mid- vs. late-8), following
from the planned direct and systematic replications that were incorporated into the
experimental design (Table 3).

RESULTS
The primary research question assessed the effects of AoA on children’s phonological
generalization, when orthogonally varied with word frequency. Table 5 summarizes the
results of the qualitative and quantitative analyses for each of the four experimental
conditions.

Beginning with the descriptive analysis, Table 5 shows that treatment of a sound in early
acquired words (albeit high or low frequency) resulted in less than 10% mean generalization
accuracy, as the operational definition of phonological learning. Children assigned to the
early-high AoA-frequency condition achievedan average of 4% accuracy relative to
baseline. Those in the early-low AoA-frequency condition performed much the same,
achieving 5% accuracy. These patterns of learning contrasted with treatment of late acquired
words. In these conditions, children met the 10% criterion, averaging 12% and 13%
accuracy for the late-high and late-low AoA-frequency conditions, respectively. On
qualitative grounds, it appeared that treatment of late acquired words induced phonological
generalization, whereas early acquired words did not.

Quantitative analyses using the rank procedure for replicated AB MBL designs confirmed
this observation. Table 5 shows that neither of the early AoA treatment conditions resulted
in statistically significant generalization effects (p > .05). By comparison, both late AoA
treatment conditions yielded statistically reliable generalization effects (p < .03).

The pattern of results was further corroborated by the relative magnitude of generalization
associated with each condition. The d values reported in Table 5 show that relatively greater
effect sizes obtained for the two late AoA conditions. Late acquired words led to greater
phonological gains, with d values of 11.4 and 16.6, respectively, for high and low frequency
treated stimuli. This contrasted with early acquired words, where d equaled 2.8 and 3.7,
respectively, for high and low frequency treated stimuli. It is of note that the AoA effects
appeared to be independent of word frequency. This can be seen in the comparable d values
for the two early AoA conditions, high and low frequency, and likewise, the two late AoA
conditions, high and low frequency. This aligns with developmental reports that AoA and
word frequency are distinct lexical variables, which can be disambiguated (Garlock, Walley,
& Metsala, 2001), and further hints that the two may exert separate influences on
phonological learning. The planned direct and systematic replications afford an opportunity
to explore this point further in evaluation of the independent effects of each variable.
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In this regard, the respective contributions of each independent variable (AoA, word
frequency, and age of sound acquisition) were again examined using effect size data. Here,
effect sizes were blocked and averaged for a given variable, while ignoring its other
dimensions (following Olive & Smith, 2005; see also Dewhurst et al., 1998). To illustrate,
with reference to Table 3, the unique contribution of AoA was determined by averaging d
values for all children assigned to early AoA conditions, and this was compared to the
average d for those assigned to late AoA conditions. The treated words’ frequency and mid-/
late-8 status of the treated sounds were set aside in the blocking. Similar calculations were
developed for the effects of word frequency. Again, with reference to Table 3, high
frequency conditions were collapsed and compared to low frequency conditions, while
ignoring AoA and age of sound acquisition. For completeness, the effect of age of sound
acquisition was also examined, with mid-8 conditions merged and compared to late-8
conditions. Each of the independent comparisons is plotted in Figure 1, Figure 2, and Figure
3, respectively.

Figure 1 shows that the independent contribution of AoA to phonological generalization is
consistent with the aforementioned orthogonal comparisons: a greater effect size was
associated with late acquired words (d = 13.5) compared to early acquired words (d = 3.3).
The relevant and added point that is established here relates to the relative magnitude of gain
that accrues solely from AoA, aside fromcontributions of word frequency or age of sound
acquisition. Of significance, the effect size of late acquired words was four times that of
early acquired words, supporting the former as having the most impact on phonological
learning.

The contribution of word frequency to phonological generalization, when AoA and age of
sound acquisition were removed from consideration, is shown in Figure 2. It can be seen that
the magnitude of gain was essentially equivalent for high and low frequency words (d = 8.0
and 8.8, respectively). There was no apparent differential generalization associated with
word frequency when AoA and age of sound acquisition were subbed out.

The contribution of age of sound acquisition, separate from AoA and word frequency, is
shown in Figure 3. The effect size associated with treatment of late-8 sounds (d = 10.25)
exceeded that of mid-8 sounds (d = 7.17), such that the magnitude of gain was
approximately 1.4 times greater for=late-8 sounds relative to mid-8 sounds.

DISCUSSION
Taken together, the orthogonal and independent analyses identified AoA as a property of
words that contributes to phonological generalization in treatment of children with
phonological delays. More specifically, late acquired words promoted greater generalization
than early acquired words in magnitude of 4:1. This finding is striking in light of literature
that has shown an advantage for early acquired words in spoken word recognition and
processing by children and adults (Garlock et al., 2001). Thus, one question for discussion is
why there was a late AoA advantage for children with phonological delays in treatment.

The results also revealed that AoA was distinguishable from word frequency. Although AoA
resulted in differential generalization, word frequency did not. Exposure to high or low
frequency words in treatment led to essentially the same magnitude of gain. This finding
also appears to stand apart from the literature, which reports that high frequency words in
treatment promote greater generalization for children with phonological delays (Morrisette
& Gierut, 2002). Moreover, high frequency words facilitate spoken word recognition and
processing by infants, children, and adults (Metsala, 1997a; Oldfield & Wingfield, 1965;
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Plunkett & Marchman, 1991). Thus, a second question for discussion is why a high
frequency advantage was not also apparent in the present study.

A final finding was that children benefited from treatment of late-8 phonemes relative to
mid-8 phonemes in magnitude of 1.4:1. This is in keeping with, and serves to replicate the
existing literature (Gierut, Morrisette, Hughes, & Rowland, 1996). For completeness, the
discussion will also consider the interface of age of sound acquisition with AoA as a
possible direction for future research.

Late AoA benefits phonological learning
For insight to the discrepancy between our finding of a late AoA advantage for phonological
learning versus other reports of an early AoA advantage for other behavioral responses, we
return to general accounts of AoA effects, as outlined in the introduction. Although a range
of factors has been suggested as causal tothe early AoA advantage, perhaps the most widely
applied proposal is the phonological completeness hypothesis (PCH; Brown & Watson,
1987). The PCH posits that early acquired words are initially stored as, and remain robust
phonological wholes throughout the life span (Brown & Watson, 1987, p. 214; Ferguson &
Farwell, 1975; cf. “structural-residual effects,” Metsala, 1997a). Holistic storage presumably
enables the facilitating effect of early acquired words because they are likewise, retrieved
holistically. However, as vocabulary size increases, a child must find more economical ways
to store lexical items. One way to economize is to segment words into their subconstituent
phonological structures (e.g., features, phonemes, syllables). This allows words that share
the same phonological properties to be represented by the same linguistic units, with three
consequences. First, late acquired words are assumed to have greater phonological structure
than early acquired words due to the segmentation strategy for lexical storage. Second, a
child is presumed to have knowledge of the subconstituent structure of late acquired words,
whereas the same is not true for early acquired (holistic) forms. Third, although the
segmentation tack may improve lexical storage, it has costs on processing because each time
a word is retrieved, its subconstituent parts must be newly assembled. Assembly takes time,
resulting in the slowed effects that have been reported for late acquired words. It is of
mention that, under the PCH, the distinction between early and late acquired words is
attributed to a developmental shift in the strategy that a learner uses to differentially encode
and retrieve the respective items (for a similar proposal, see also Aitchison & Straf, 1981). It
is the strategy that is modified, not the internal phonological properties of the lexical
representations themselves. This contrasts with the LRM, which purports that lexical
representations undergo change, becoming increasingly refined in phonological substance
(for further discussion, see Monaghan & Ellis, 2002; Walley et al., 2003).

If the PCH is correct, then one possible prediction is that treatment of an erred sound in late
acquired words may have been responsible for the apparent shift in strategy, from holistic to
subconstituent storage of lexical items. Consider that when late AoA words were taught to
the children of this study their subconstituent structure may have been brought to the
forefront. On each and every trial in treatment, a child would have had to utilize syllables,
segments, and/or features to access, recognize, extract, assemble, and produce the late
acquired treated words. This level of analysis may have promoted generalization to like
phonological units, resulting in the late AoA advantage. The subconstituent structure that is
apparently associated with late acquired forms, coupled with the extraction of that structure
for purposes of word assembly, may have aided phonological generalization (for similar a
line of reasoning, see Monaghan & Ellis, 2002; Morris, 1981). If this premise is correct, then
the present data from phonological learning may be added to those from spoken word
recognition in support of the PCH, while allowing for distinct functions of early versus late
acquired words depending upon the task at hand.
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Although this explanation may be plausible, future studies will need to further verify the
PCH as a viable account of the late AoA advantage in phonological learning. To do this, it
may be necessary to collect reaction time and/or kinematic data as complements to
generalization data. Recall that the PCH posits subconstituent structure for late acquired
words, but this structure must be assembled on each and every encounter with those forms.
It is possible that, although lateacquired words promote phonological accuracy, production
of those forms may be slowed. Combined speed and accuracy data from production would
be one way to document the presumed slowing effects of late acquired forms. Extensions of
this sort would allow for the full range of assumptions inherent to the PCH to be tested
within the domain of phonology.

With respect to typical phonological development, the finding of a late AoA advantage for
children with phonological delays is consistent with Macken and Barton’s (1980) proposal
that the last words learned are the first to undergo phonological change. Although the
present study did not trace the AoA of the words that generalized, it did reveal, like Macken
and Barton (1980), that late acquired words advance the course of phonological acquisition.
This notwithstanding, questions remain about the interpretation and application of AoA
relative to a given child’s lexicon. Consistent with the broader literature, AoA was defined
in this study based on external judgments and corpora. Although AoA has been shown to be
a statistically reliable parameter, it is not possible to know exactly what the AoA status of a
given word was for a given child. This could only have been determined by tracking a
child’s longitudinal acquisition of words beginning with the first outputs of his or her
expressive lexicon (Jorm, 1991). Even under ideal circumstances, the precise delineation of
word acquisition would be a formidable task, subject to omission, error, and best guess
estimates.

It is important to recognize that, whenever a statistical property of language has been applied
to acquisition, similar concerns have been raised (e.g., Dollaghan, 1994). At issue is whether
available corpora provide an accurate reflection of a developing lexicon. Arguments in
support of the appropriateness of such extensions have tended to appeal to the normalization
of standard distributions (Kelly & Martin, 1994), correlations to show the equivalence of
corpora (Burgess & Livesay, 1998), and/or behavioral demonstrations of comparability
across corpora (Gierut & Dale, 2007). Nonetheless, in future studies of AoA, it may be
worthwhile to obtain a preliminary assessment of whether a child has a given word in his or
her lexicon. This might be revealed in a forced-choice receptive identification task to
globally approximate a distinction between early and late acquired words. Words identified
by a child might be deemed “early” acquired, whereas those that are not might be thought of
as “late” acquired. The identification data would then have to be compared and confirmed
against AoA norms. Dovetailing the data would be necessary to eliminate the possibility that
word identification corresponds only with word familiarity, and not AoA. Corroborating
data of this sort may help ground AoA within the context of a given child’s lexicon, and this
in turn may help refine the interpretation of results.

The present findings have possible implications for phonological treatment and evidence-
based practice. A recommendation that emerges from this research is that efficacy may be
enhanced by treatment of erred sounds in late acquired words. This recommendation applies
only if the goal of treatment is to promote systemwide phonological generalization to treated
and untreated sounds and contexts, as was the case here. Although systemwide gains are the
ultimate outcome of treatment (Olswang, 1998), there are at least three related questions that
may be entertained. One relates to the effect of late acquired words in session by session
learning as treatment is being delivered, as a complement to this focus on
generalizationlearning. A second involves developing a more detailed description of
generalization to establish whether late acquired words promote differential learning in
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particular facets of the phonology, as in a comparison of within- and across-class
generalization. A third bears on the efficiency of treating late acquired words, as measured
by the time in treatment to induce generalization. With these pieces in place, it may be
possible to delineate the full range of benefits that accrue from exposure to late acquired
words in phonological treatment. There are other pluses associated with work along these
lines, namely, sample size would be increased and a broader range of error patterns would
be considered. With respect to evidence-based practice, the present findings contribute a
first application of effect size computations to phonological treatment. Although
preliminary, the data reported offer early estimates of the potential size of the learning
effects that may accrue with phonological treatment. The documentation of effect size in
future research may ultimately yield guidelines that delineate what is a small, medium, or
large effect relative to phonological intervention.

AoA obscures word frequency effects
In this study, the absence of differential word frequency effects on children’s phonological
generalization may seem puzzling at first glance, given the robustness of high frequency
words for processing, performance, and learning. There is one body of literature, however,
that has largely failed to show the benefits of word frequency on performance. That work is
precisely associated with experimental evaluations of AoA (e.g., Belke et al., 2005; Carroll
& White, 1973; Ellis & Morrison, 1998; Garlock et al., 2001; Morrison & Ellis, 1995;
Morrison, Ellis, & Quinlan, 1992). In particular, when the correlation between word
frequency and AoA is controlled, AoA has emerged as the predictor variable. This effect has
been observed for a variety of tasks (e.g., object naming, picture recognition,
mispronunciation detection, vocabulary monitoring), with the results of the present study on
children’s phonological generalization being added to that pool of data.

There have been various debates about, and hypotheses in account of the absent word
frequency effects in such studies. For instance, Morrison and colleagues (1992; Morrison,
Chappell, & Ellis, 1997) argued that prior frequency effects have been given undue
importance because of the failure to control for AoA. When these investigators reanalyzed
the classic data of Oldfield and Wingfield (1965), they found that the effects of word
frequency were completely eliminated, simply by adding AoA as an independent variable.
Others have argued that the hold on word frequency is due to its necessity in computational
approaches to modeling lexical processing, which depend on frequency in their algorithms
(Ellis & Morrison, 1998). Aside from the debates (Lewis, 1999a, 1999b; Moore, Valentine,
& Turner, 1999), there are at least two hypotheses that have been put forth to explain why
word frequency effects may be diminished in the context of AoA. Both appeal to the
potentially different roles that AoA and word frequency may play. One hypothesis is that
AoA most closely aligns with the lexical representation itself, affirming its structure and
encoding, whereas word frequency impacts the strength of the connections between
representations (Ellis & Morrison, 1998).

Another hypothesis, stemming from developmental work, suggests similarly that AoA
exposes the phonological quality and substance of lexical representations (Garlock et al.,
2001). In contrast, word frequency is presumed to affect spoken word recognition in the
latest stages of processing, long after lexical access. Note that both proposals assign a
phonological role to AoA, but not frequency. This observation is interesting in light of
recent research by Tainturier, Johnson, Tamminen, and Thierry (2003). These investigators
made use of event-related potential and behavioral data to explore whether the AoA effect
stems from the phonological makeup of words or their semantic meaning. It was
hypothesized that if AoA had a phonological origin, then the P300 component would be
affected, but if the origin were semantic, then the N400 component would be affected in
lexical decision and semantic categorization tasks, respectively. Of importance, word
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frequency impacts both the P300 and N400 components, making it possible to dissociate the
AoA-frequency correlation. Results showed only P300 effects in lexical decision, with no
N400 effects observed for semantic categorization. These data begin to lay a necessary
empirical foundation in support of hypotheses that phonology is the relevant domain
responsible for AoA effects. When the results of the present study are placed in the context
of this broader literature, it is likely that the equivalent word frequency effects that were
observed herein were due to controlling the correlation between AoA and word frequency.
Like other studies, the disambiguation of AoA and word frequency in treatment may have
enabled the property of AoA to emerge as relevant to phonological generalization. Further,
AoA may have functioned more centrally in children’s learning, given its apparent
phonological locus.

There is one additional point worth mentioning that may bear specifically on AoA relative to
word frequency as applied in phonological treatment. Specifically, research has established
that AoA effects may be magnified relative to word frequency during picture naming
(Gilhooly & Watson, 1981, and references therein). This is potentially relevant because one
way that phonological generalization is typically assessed is through the administration of
structured probes. The PKP used here is a structured probe that samples children’s
productions through spontaneous naming of pictures. Although prior studies have also relied
on the PKP to measure generalization learning (e.g., Morrisette & Gierut, 2002), that work
did not evaluate or control for AoA. The point here is that picture naming may have even
further amplified the observed effects of AoA relative to word frequency in this study.
Although appropriate to our experimental purpose, it may be necessary to employ
complementary probe procedures in future research that do not entail picture naming. This
will allow for a more detailed assessment of the contributions of different word-level
variables under different sampling conditions.

Likewise, future studies may be designed to elaborate on various combinations of word-
level variables. In this study, the scope was limited to the correlation of AoA and word
frequency, but it may be relevant to systematically vary AoA with respect to neighborhood
density (e.g., Garlock et al., 2001). Similarly, the effects of semantics (e.g., Belke et al.,
2005) may be examined by orthogonally varying imageability and AoA in treatment. In this
way, it may be possible to define interactions between various properties of words, even
among variables that are not correlated. Theoretically, continued work along these lines may
helpto verify the validity of competing proposals about the origins and/or function of AoA,
particularly as evidenced in development.

AoA and age of sound acquisition
Our finding of greater generalization associated with late-8 sounds, and also late acquired
words, is consistent with the literature on complexity approaches to treatment (Thompson,
2007). Following from learnability theory (Wexler & Culicover, 1980), the basic premise of
this approach is that learning is facilitated when a learner is exposed to more complex
structures of language, with cascading effects across the linguistic system as a whole. The
present results support complexity at both sublexical (i.e., late-8 sounds) and lexical (i.e.,
late acquired words) levels of structure for systemwide generalization. It remains to be
determined whether there is a relationship between age of sound acquisition and AoA that
may further inform children’s generalization learning. Future studies may explore possible
precedence or additive relationships between type of treated sounds and type of treated
words. Studies of this sort may contribute theoretically to a better understanding of the
integration and contribution of sublexical and lexical structure to children’s phonological
learning. On the practical side, these extensions might help delineate stimulus priorities in
the design of clinical treatment programs.
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CONCLUSION
Together, the results of this study identified AoA as a property of words that contributes to
phonological generalization in clinical treatment of children with phonological delays. In
contrast, word frequency did not promote differential patterns of phonological learning,
perhaps due to its inherent function, experimental design, and/or task used to measure the
dependent variable. Learning was further affected by age of sound acquisition, with late-8
sounds inducing greater phonological generalization. These results hold clinical implications
for the selection of stimuli to be used in treatment of phonological delays, namely, late
acquired words and late-8 sounds. The results also suggest potentially fruitful lines of
continued study that are likely to expand our understanding of how the phonology and
lexicon interact for purposes of phonological acquisition. This would complement parallel
strands of study that are taking place with respect to lexical acquisition (e.g., Jarvis,
Merriman, Barnett, Hanba, & Van Haitsma, 2004; Magnusson, Tanenhaus, Aslin, & Dahan,
2003; Storkel, 2001). Finally, there are clear benefits that may obtain for the design and
interpretation of clinical treatment in that the core characteristics of words that optimize
phonological learning may be identified.
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Figure 1.
Effect sizes for the comparison of early versus late acquired words. AoA, age of acquisition.
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Figure 2.
Effect sizes for the comparison of high versus low frequency words.
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Figure 3.
Effect sizes for the comparison of mid- versus late-8 sounds.
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Table 1
Children’s phonemic inventories and experimental assignment

Participant GFTA-2a Sounds Excluded Treatment Condition Treated Sound

1 49 η k g θ ð s z ∫ r Early-high k

2 74 v θ ð ∫ r Early-high ∫

3 67 k g θ ð ∫ t∫ ʤ l r Early-low k

4 50 η k g θ ð t∫ ʤ r Early-low ∫

5 78 f v θ ð ∫ Early-low f

6 69 η k g θ ð ∫ ʤ r Late-high k

7 57 s z ∫ t∫ ʤ l r Late-high ∫

8 45 η k g θ ð t∫ ʤ l r Late-high t∫

9 <40 k g θ ð r Late-low k

10 76 θ ð ∫ t∫ r j Late-low ∫

a
Standard score on the Goldman–Fristoe Test of Articulation—Second Edition (Goldman & Fristoe, 2000).
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Table 3
Overview of the experimental design

AoA

Word Frequency Early Acquired Late Acquired

High Mid-8 Mid-8

Late-8 Late-8

Low Mid-8 Mid-8

Late-8 Late-8
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Table 5
Results of qualitative and quantitative analyses by condition

Mean
Generalization

Accuracy

Rank
Procedure Effect Size

n/Na p d

Early-high 4% 1/5 .16 2.81

Early-low 5% 4/5 .16 3.66

Late-high 12% 7/7 .01 11.41

Late-low 13% 5/5 .03 16.58

a
n, Number of factors evidencing positive change; N, number of possible factors probed for positive change (i.e., number of subjects × treated

sound and other untreated sounds from the same and different manner classes; see Morrisette & Gierut, 2002, p. 150).
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