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Abstract

Purpose. Young children, who by the time they are two years of age, have 50 or fewer words in
their expressive lexicon and produce few to no two-words phrases are often identified as
demonstrating “late language emergence” (LLE). The nature of the relationship between speech
sound (phonological) production development and LLE continues to be an important area of
inquiry in the field of speech-language pathology with clinical intervention implications. The
present study aimed to further distinguish and confirm associations between phonological
productions and language proficiency status at two years of age.

Method. Participants (n = 20) were divided into two attributional condition groups: those with
LLE and those presenting with typical language development. Data collected as part of an
ongoing study were analyzed including phonetic inventory and word-shape complexity data for
each participant.

Results. Descriptive and inferential statistics were utilized to analyze study data and indicated
significant differences between the condition groups regarding phonetic inventory and word
shape complexity such that those with LLE generally produced fewer total sounds across word
positions, fewer total consonant clusters across word positions, fewer singleton initial productive
sounds, and fewer singleton final productive sounds. Those with LLE also generally produced
fewer different word shapes and had fewer multisyllabic word productions.

Conclusion. In support of previous empirical findings, the present study findings of a positive
correlation between phonological productions and language proficiency further indicated the

bidirectional relationship of language and speech development during the toddler years.
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Chapter I: Introduction

By the age of two-years old, children may be identified with late language emergence
(LLE) if they are exhibiting the use of a small expressive vocabulary with few to no connected
phrases without the presence of other developmental disorders (Zubrick et al. 2007). LLE status
may be associated with multiple possible predicting factors, including limited expressive and
receptive vocabulary and low socioeconomic status (Fisher, 2017).

LLE is a language impairment; as such, children with LLE are more likely to demonstrate
deficits in phonological skills, the ability to consistently and accurately use a wide variety of
individual meaningful sounds in a language, than peers with typical development (Williams &
Elbert, 2003). Because of this connection between the two skill sets, phonological skills may
serve as an indicator of language development status in two-year-old children (i.e., toddlers).

Further, the procedural memory system is closely tied to the acquisition of language
(Ullman & Pierpont, 2005) and motor-skill learning (Krishnan et al., 2016). Impairment of both
motor and language often present together and may be related and/or caused by the same
factor(s) (Bishop et al., 2016). The motor domain of procedural motor learning and the language
domain of phonological production warrant further investigation in two-year-old children to
better understand the bidirectional connections between early language and motor skills as well
as phonology and overall language skill development in children who present with LLE.

Young children with a language impairment are more likely to use simple syllable shapes
in words (e.g., “wa” for “water”) than their peers who have typical language development.
These differences may persist throughout early childhood (Pharr & Ratner, 2000). Literature also
suggests that children with less complex syllable structures used in words and fewer consonantal

types of sound production in their speech sound repertoire are more likely to be identified with
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LLE (Fasolo et al., 2009). To better understand this relationship as a risk factor for diagnosis of
LLE, further empirical evidence is necessary. To target this area of language, an informal word-
shape complexity inventory (a collection of word shapes produced in speech which increase in
complexity as the number of consonant-vowel combinations increase) can be collected. For
example, the production of “wa” would be coded as “CV,” while the production of “want” would
be coded as “CVCC.”

To advance research in this area, the current project aimed to compare two year olds who
have been identified as presenting with LLE with their peers who show typical expressive
language development by exploring speech sound production skills through informal
assessment tools, phonetic inventory and word-shape complexity analysis.

The present study was IRB-approved in the United States (IRB#0074-20-EP) by the
University of Nebraska Medical Center/University of Nebraska at Omaha Institutional Review
Board. The purpose of the study was to consider the following research question:

Is language status at two years of age associated with phonological productions, as
measured by phonetic inventory and word-shape complexity?

Based on current evidence, the researchers hypothesized that children in the present study
who were identified with LLE would have fewer consonant speech sounds noted in their
phonetic inventories, including total singleton speech sounds emerging across all word positions,
total clusters (productive and emerging) across all positions, number of singleton initial
productive sounds, and number of singleton final productive sound, compared to their peers in
the present study with typical language development. The researchers also hypothesized that
children in the present study with LLE would produce less complex word shapes based on a

word shape complexity analysis, including total word shapes utilized, number of monosyllabic
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word shape productions, and number of multisyllabic word shape productions, compared to their
peers in the study with typically-developing language. These hypotheses are based on existing

literature in this area of the field.

Chapter I1: Methodology

Participants. Participants of the study included two-year-old children already involved in an
ongoing investigation led by Dr. Shari DeVeney and colleagues, Motor skill learning across
toddlers with differing language skills. In this study, 20 English-speaking participants were
recruited, and data collection concluded in June 2022. The present study involved a secondary
analysis of the data collected with a focus on phonological (speech sound production) aspects.
Children with (a) a diagnosis of neurological, physical, and/or sensory impairment, (b) a score
higher than 11 on the Developmental Behavioral Checklist-Early Screen (DBC-ES: Gray &
Tongue, 2005); this checklist was used to screen for Autism, (c) a secondary or primary language
other than English were not considered for the study to control for alternative factors which may
cause language impairment not being analyzed. Conversely, 2-year-old children who did not
have a diagnosis of an additional impairment other than language, obtained a score of 11 or
lower on the DBC-ES, and spoke English as a primary language were eligible to be included in
the study.
Procedures. The following assessment battery was administered to all participants. Assessments
denoted by an asterisk (*) were completed prior to the present secondary analysis of data for the
current study.

MacArthur-Bates Communicative Development Inventories* (CDI: Fenson et al., 2007)

were completed by caregivers of participants during data collection of the Motor skill learning
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across toddlers with differing language skills study. The CDI are parental checklists which were
used to assess participants’ expressive vocabulary skills.

The Ages & Stages Questionnaire — 3rd edition* (ASQ3: Squires & Bricker, 2009) was
also completed during the initial data collection. The ASQ3 is a parental checklist supplemented
by direct behavioral observations, as needed, and used to assess overall developmental domains
such as motor (fine and gross), communication, problem solving, and personal-social skills.

An informal parent demographic questionnaire* was completed by parents during the
initial data collection (see Appendix A). This questionnaire allowed researchers to gain insight
into each participant's early childhood development and background (e.g., family history, parent
perspective of development, medical background, etc.).

The Khan-Lewis Phonological Analysis — 3rd edition* (KLPA-3: Khan & Lewis, 2016)
was completed by researchers during initial data collection. The KLPA-3 is an assessment
directly administered to each participant and was completed to identify and assess the use of
speech sound production skills at the single word level. However, due to maturity levels, even
though the KLPA-3 was adequately normed for use with 2-year-old children, not all the children
in the study were able to complete the assessment due to attentional issues. For this reason, the
following informal measures (noted below) were also included to address phonological
development using utterances elicited during the KLPA-3 administration as well as from
spontaneous productions in conversational exchanges with the researchers and caregiver(s)
present for the initial home-based data collection visit, including individual words from multi-
word utterances that were not entirely intelligible.

An informal phonetic inventory was collected from both words produced during

administration of the KLPA-3 and spontaneous words produced during the data collection
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sessions (see Appendix B). This tool provided an inventory of speech sounds in a participant’s
repertoire. The phonetic inventory identified each sound as “productive” (occuring in the
beginning, middle, and end of a word production at least two times, if appropriate. For example,
the /n/ sound use in English does not typically occur at the beginning of words; thus, it would not
be appropriate for production in this position) or “emerging” (occurring less than twice across
each word position but present in at least one word production). Finally, speech sounds (also
referred to as ‘phonemes’ of a language) were analyzed by developmental appropriateness
categories of early, middle, and late developing, as noted by McLeod & Crowe (2018).

An informal word-shape analysis was completed, utilizing both words produced during
administration of the KLPA-3 and spontaneous utterances produced during the data collection
sessions (see Appendix C). This procedure provided insight on the complexity of syllables and
syllable shapes in spontaneous and elicited utterances. Word-shape analysis allowed for further
understanding of a participant’s phonological production skills. Sounds in words produced were
coded as consonants (C) and vowels (V) and, for each word produced, a syllable or CV “shape”
was reported. Each word shape was measured by percent of use and divided into categories of
monosyllabic and multisyllabic shapes. Words considered monosyllabic shape had a single
vowel that may or may not be accompanied by consonants (e.g., “cat,” which would be reported
as a CVC shape). Multisyllabic words included at least two vowels and one or more consonants
(e.g., ‘kitty,” which would be reported as CVCV shape), according to DeVeney and Scheffel
(2019).

Data Coding Reliability. Phonetic inventory completion reliability was conducted across two
participants (10% of the sample). The faculty mentor for the present study independently

completed phonetic inventories for two randomly selected participants in the sample and the
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results were compared with those calculated by the primary researcher. Overall, agreement of
sounds produced across the two-participant sample was 89.33%. Word shape complexity
reliability was also established across a two-participant sample that was randomly selected. The
overall agreement on word shape identifications across the participants was 93.87%.

Data Analysis. Data analysis of the phonetic inventory and word shape complexity content
included both descriptive and inferential statistics. For descriptive statistics, means, standard
deviations, and ranges were computed. For inferential statistics, as a small n study with
differential group sizes, the nonparametric equivalent of a t-test was used to determine the
presence of meaningful correlations between language status, phonetic inventory, and word

shape complexity.

Chapter I11: Results

A nonparametric inferential statistic, the Mann-Whitney U test, was conducted to
determine the presence of differences in phonetic inventory outcomes between the typical
language or “language intact” condition group (Group 1; n=8) and those with LLE (Group 2;
n=12). The total number of words produced was statistically significantly higher in Group 1
(M=81.17, SD=29.28) than Group 2 (M=48.00, SD=23.69) (p=0.016). The same test was
conducted to determine the presence of differences in the total number of singleton consonants
emerging across all word positions, total number of singleton initial productive sounds, total
number of singleton final productive sounds, and total number of clusters (productive and
emerging) across all positions between condition groups. The total number of singleton
consonants emerging across all word positions was statistically significantly higher in Group 1
(M=13.75, SD=3.75) than Group 2 (M=12.75, SD=4.06) (p=0.025). The total number of

singleton initial productive sounds was statistically significantly higher in Group 1 (M=12.00,
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SD=2.89) than Group 2 (M=8.25, SD=3.85) (p=0.020). The total number of singleton final
productive sounds was also statistically significantly higher in Group 1 (M=8.91, SD=3.80) than
Group 2 (M=6.75, SD=3.25) (p=0.007). Further, the total number of consonant clusters
(productive and emerging) across all positions was significantly statistically higher in Group 1
(M=9.42, SD=7.37) than Group 2 (M=1.38, SD=1.41) (p=0.012).

A Mann-Whitney U test was conducted to determine the presence of differences in word
shape complexity between the two condition groups. The total number of word shapes used was
statistically significantly higher in Group 1 (M=15.67, SD=6.11) than in Group 2 (M=9.50,
SD=3.34) (p=0.012). The total number of multisyllabic productions was statistically significantly
higher in Group 1 (M=9.67, SD=4.31) than in Group 2 (M=4.88, SD=2.59) (p=0.020). The total
number of monosyllabic productions was not statistically significant between Group 1 (M=6.00,

SD=2.30) and Group 2 (M=4.50, SD=1.77) (p=0.157).

Chapter 1V: Discussion

The findings from the present study supported those of previous research conducted with
smaller participant samples. For example, Schwartz and colleagues (1990) conducted a study
with six participants, ages 1 year, 7 months to 3 years, 7 months. Three participants had language
delay and three children were noted to have typical language development. These children were
compared according to multiple speech-language skills, including phonological productions. The
researchers found that the two groups showed similarities between younger children with
language that was typically developing and those with language delay, demonstrating a delayed,
rather than disordered, development of consonant classes for young children presenting with

language delay.
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The current findings also aligned with the findings of Williams and Elbert (2003), who
conducted a longitudinal study over one year with five participants identified as having LLE.
Over the course of the study, three children demonstrated typical language abilities by the age of
three. The remaining two children continued to demonstrate differences in syllable shape
structures and phonological patterns. The findings of this study suggest that late-talking toddlers
with disordered phonological productions have more persistent language difficulties through
early childhood than children with delayed phonological skills. As such, children identified as
having LLE have variable phonological abilities, as demonstrated by findings of the current
study, and will likely have variable language development and outcomes over time.

In a study conducted by Mirak & Rescorla (2008), 37 toddlers with LLE and 20 peers
who had typical language development were compared based on phonological productions and
vocabulary size. Children with LLE produced around one-third the number of consonants when
compared to their peers. Although, consonants that were frequently used across both groups were
similar, indicating a delay rather than disordered language development. The number of
consonant types produced was also correlated to vocabulary size. These findings align with the
current study’s findings of the correlation between vocabulary size and productive consonant
sounds produced when comparing participants identified with LLE and those with language that
was typically developing, as measured by informal language sampling and informal phonetic
inventory.

Limitations. As a small n study with few participants identified with LLE, generalizability of the
findings is limited. Variability in participant utterances also presented a limitation with the
current study, as robustness of language samples differed across participants. Further, the

research focus on two informal measures of speech sound productions, phonetic inventory and
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word shape analysis, was out of necessity as many early participants in the study were unable to
complete the KLPA-3 in its entirety. Ideally, standardized assessments would also be utilized for
determining study outcomes.

Future directions. For the ongoing study, Motor skill learning across toddlers with differing
language skills, a cross-linguistic comparison with Hebrew-only speaking participants (n=35) is
planned to determine the universality of the neural underpinnings of language, motor, and speech
sound production development and their connection, regardless of primary language. The
Hebrew sample also includes children identified with LLE and allows for further analysis of
speech sound productions, word shape complexities, motor aspects, and overall language
capabilities of children from a more global perspective.

Further, analysis of additional speech sound production data may be conducted beyond
the current informal tools utilized to analyze phonological and word-shape complexity aspects of
language. For instance, for inclusion of standardized normative comparisons across study
participants, a new assessment tool specifically designed for determining speech sound
production in the toddler population will soon be available for clinical and research use. This
assessment tool, the Profiles of Early Expressive Phonological Skills (PEEPS) (Williams &
Stoel-Gammon, in press) was designed for specific use with young children between the ages
of 18 to 36 months of age. Use of a phonological assessment tool specifically focused on this
age group may help to facilitate completion of a standardized measure of speech sound
production that can then be analyzed and compared with same-aged peers.

Clinical implications. The correlation between phonological productions and language abilities
of toddlers has been identified across multiple studies. The current study further supported the

notion that young children with language delays often present with fewer productive sounds
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across positions in words. Young children with language delay often present with less complex
syllable structure than their peers with typical language development. It is important for
clinicians to be mindful of the likelihood that both language and speech sound production skills
may be delayed in children with LLE and both areas may warrant assessment and early
intervention.

Conclusion. The present study was a secondary analysis of data collected from 20 two-year-old
children, 8 of whom presented with LLE. The participants were divided into two attributional
condition groups, one with language intact (Group 1) and one with LLE (Group 2). To determine
differences in speech sound production skills, the phonetic inventory and word shape complexity
measurements were compared across the two groups. Present study findings indicated
statistically significant differences across language proficiency groups, such that the ‘language
intact” group were observed to have substantially more speech sounds (phonemes) in their sound
production repositories and also were observed to produce more complex word shapes than the
LLE group. Findings from the present study align with previous literature regarding the
correlation between language status and phonological productions. Such that, the more
phonemes in a child’s repertoire, the more likely they will be to fall under the category of
“language intact” (Fisher, 2017; Williams & Elbert, 2003; Zubrick et al., 2007). Further, the
present study aligned with previous literature regarding the correlation between language status
and word shape complexity productions. The more complex word shapes utilized, the more
likely the child will fall under the category of “language intact” (Pharr et al., 2000; Zubrick et al.,
2007). The clinical implications of these findings indicate the need for clinicians to be mindful of

both speech and language deficits in young children, as both may necessitate assessment and
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intervention at an early age and are both likely to be observed in children with suspected LLE.

Further investigation to better characterize the nature and extent of this relationship is warranted.
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Appendix

A: Demographic questionnaire

Parent Demographic Questionnaire
Questions 1-9 administered verbally by research personnel. Referred to below as ‘interviewer.’
Question 10-14 filled out by parent.

Participant ID:

Child's DOB:

Research Personnel ID:

Relationship (to child) of Interviewee (mother, father, grandparent, etc.):

(month/date/year) Chronological Age: (in mths) Current zip

code:

1. What is the primary language spoken in your home?

2. Are there other languages spoken in your home?

3. Does your child speak only one language? Y/N What language?

4. Describe your child’s birth history.
o Tell me about your child's prenatal history. Any complications during the pregnancy?

« If so, please describe.

e What was your child’s weight at birth? (Ibs)

e Was your child born prematurely? Y / N

« If yes, how many weeks?

e Were there any complications during labor? Y / N
« If so, please describe.
e What was the mother’s age at time of the child’s birth?

e Were you pregnant with multiples?

Eberly 17



COMPARING SPEECH-SOUND PRODUCTIONS ACROSS 2-YEAR-OLDS Eberly 18

5. Describe your child’s general developmental history.
e Has your child ever been hospitalized or had surgery? Y /N

» If so, please describe.
® Does your child have any medical diagnoses or allergies? Y / N « If so, please describe.
e Participants diagnosed with autism spectrum disorder or other neurological, physical, or
sensory impairments.
5.1 Are there other children currently living in the home? Y / N
e How many?
e What are their ages and relationship to the child?
e Where is the child in the birth order sequence (e.g., first born, second, etc.)?
5.2 Does your child have first degree male or female relatives who were diagnosed with
any developmental delay? If so, what? (Interviewer prompt: When | say ‘first degree’ |
mean brother or a sister or parent with developmental delay) Y /N
« If so, please describe.
5.3 What is the family composite? Please choose from one of the following:
e Two-parent

e Single parent
e Other:

5.4 Is your child in group care? If so, of what type (e.g., private, public, in-home
daycare). For how many hours per week? (e.g., below 10 hours, partial, between
10-30, over 30 hours or full time)

6. Are there any family circumstances you feel we should know about (Interviewer
prompt: For example, new baby in the family, a divorce, a separation, or a recent death
in the family)? Y/N
e |If so, please describe.
7. Do you have any concerns about your child’s development? Y /N

o If s0, please describe.

8. How many hours a day do you estimate that your child engages in sports/motor activity?



COMPARING SPEECH-SOUND PRODUCTIONS ACROSS 2-YEAR-OLDS

9. How many hours a day do you estimate that your child plays with puzzles, legos, or building
games?

10. Does your child attend daycare? Y/ N If so, for how many hours a day? How many days a
week?

11. What is your current occupation?

12. What is your partner’s current occupation? (Omit for single parents)

The following information is optional. Complete questions 10-14, as you feel comfortable.

13. Which race/ethnicity group do you identify with? Please choose from the following:
African American

Caucasian

Latino

Native American

Asian

Other:

il L ol o\

14. Which race/ethnicity group does your child identify with? Please choose from the following:

African American
Caucasian
Latino

Native American
Asian

Other:

ONRON=

15. What is the first language of the parent (a.k.a. Parent mother tongue):

16. What your highest level of education? Please choose from the following:

Less than HS

HS/GED

Some College

4-year college completion
Post-graduate

OO
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17. What your partner’s highest level of education? Please choose from the following: (Omit for
single parents)

OO BEWN -

Less than HS

HS/GED

Associative degree/professional diploma/community college (1-2 year program)
Some university

4-year university completion

Post-graduate

18. The average income per family in the United States is $59,039. How does your household
income compare? Please choose from the following:

1.

el

Much below

Somewhat below

The same as national average
Somewhat above

Much above

19. How many occupants currently live in your home?
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Name:

B: Informal Phonetic Inventory data sheet

Phonetic Inventory

Age: Source of Speech Sample:

Examiner:

Number of Words:

Stop
pbtdkg

0 Initial Intervocalic

Date:

Final

Nasal
mny

Fricative
fvszf30dh

Affricate
&

Glide

jw

Liquid

Comments:

Ir
Consonant Cluster

Includes unintelligible utterances?

O Yes [ No
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C: Informal word shape complexity tally sheet

Participant:
Date Completed:

Word Shapes Observed

Shape:

\Y

cv

vVC

cvwv

CcvC

VCV

Cccv

VCC

CvCC

VCVC

cvcv

CCw
CCcvC
CWWC
CvCC
VCVCV
cvcve
CvCccv
CCcvcv
VCVCVC
VCVCC
CVCwV
Ccvcveyv
Ccvcc
CCVCVC
VVCVCC
CVCCVvC
CcVccvce
CCvVCcvC
CVCvVvCVvC
CVCCVCV
cvceveve
CCVVvCCVC
VCCCCVCvCC
Total Words

Tally # of each

% of use
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