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January 27, 2021

Heather Ramsdell-Hudock
Speech-Language Pathology
College of Rehabilitation Comm Sciences

RE: Study Number IRB-FY2021-97: Exploration of a Caregiver Report Screening Instrument for
Infant Speech Patterns

Dear Dr. Ramsdell-Hudock:

| have reviewed your application for revision of the study listed above. The requested revision
involves:

We have not yet received permission from Brooke’s Publishing to electronically reproduce a
subscale of the Communication and Symbolic Behavior Scales — Developmental Profile (CSBS-
DP), yet we would like to move forward with this research project. Accordingly, the primary
change proposed is to remove the CSBS-DP from the study until the publisher provides
appropriate permissions. Here are edited sections of the approved IRB corresponding to
proposed changes and including 3 new feasibility questions on the survey (edited Informed
Consent and Survey document attached):

#7. The purpose of this project is to conduct an initial exploration of the Speech Sound
Development Screener, an assessment tool for caregiver report of infant speech patterns, by
administering the screener to a random sample of participants (number unknown) and exploring
responses for developmental patterns, developmental status as typically developing or at risk,
and feasibility. The Speech Sound Development Screener was created using commonly reported
sounds/sound sequences from caregiver report of infant speech from 26 families. We will
distribute an electronic survey link via social media for families with infants between 7 to 18
months of age, requesting information on infant developmental milestone and demographics, as
well as completion of the Speech Sound Development Screener. The screener results will be
used to begin exploring utility of the new tool. We expect that the Speech Sound Development
Screener will be sensitive to infant age and developmental status as typically developing or at
risk. Practical implications for study results would support continued evaluation and beginning
validation of the Speech Sound Development Screener. We hope to someday provide a clinical
tool that can facilitate earlier identification of children considered at-risk for speech sound
disorders/delays, enable use in clinical or home settings with or without professional
administration, and support more efficient methods of assessment for speech-language
pathologist.

#14. A link to a Qualtrics survey will be used to elicit responses from families who have infants



between 7 to 18 months of age. This link will be distributed via Idaho State University email
addresses (to faculty, staff, and students across the university) and social media (e.g., to parent
groups on Facebook). The survey will include: a letter explaining the research project, a question
requesting informed consent and granting permission to use data for research purposes, 132
simple questions from the Speech Sound Development Screener (including feasibility focused
questions, like how long did it take you to complete this survey), 32 questions to track
demographic information, and 3 feasibility questions. Caregivers will be asked to complete and
submit responses to survey questions. No identifying information will be collected; however,
respondents will be given the opportunity to provide contact information if they would like to
receive clinical results of completed materials. If respondents choose to provide contact
information, a list of community resources for further assessment (e.g., Bloom Therapy, the
Idaho Infant Toddler Program, the Idaho State University Speech and Language Clinic, Speech
Therapy Services, LLC, etc.) will be provided to caregivers of children who indicate concern
about their infant's development. Families can participate in the research, even if they chose not
to provide contact information.

Study Information D. To recruit participants, we will distribute a link to a Qualtrics survey
intended to elicit responses from families who have infants between 7 to 18 months of age. This
link will be distributed via Idaho State University email addresses (to faculty, staff, and students
across the university) and social media (e.g., to parent groups on Facebook). All families with
infants between 7 and 18 months of age who choose to complete the survey will be included as
study participants. The survey will include: a letter explaining the research project, a question
requesting informed consent and granting permission to use data for research purposes, 132
simple questions from the Speech Sound Development Screener (including feasibility focused
questions, like how long did it take you to complete this survey), 32 questions to track
demographic information, and 3 feasibility questions. Caregivers will be asked to complete and
submit responses to survey questions. No identifying information will be collected; however,
respondents will be given the opportunity to provide contact information if they would like to
receive clinical results of completed materials. If respondents choose to provide contact
information, a list of community resources for further assessment (e.g., Bloom Therapy, the
Idaho Infant Toddler Program, the Idaho State University Speech and Language Clinic, Speech
Therapy Services, LLC, etc.) will be provided to caregivers of children who indicate concern
about their infant's development. Families can participate in the research, even if they chose not
to provide contact information.” We hope to obtain 50 completed surveys; however, we intend to
include all completed surveys if more are obtained from indicated recruitment methods. Upon
initial request for participation in the research study, distributed via a survey link in an email or
social media, we will accept responses for a 3-week period. All data from completed surveys
received during this time will be prepared and analyzed for research purposes.

You are granted permission to conduct your study as revised effective immediately. This study is
not subject to renewal.

Please note that any further changes to the study must be promptly reported and approved.



Contact Tom Bailey (208-828-2179; email humsubj@isu.edu) if you have any questions or
require further information.

Sincerely,

Ralph Baergen, PhD, MPH, CIP
Human Subjects Chair
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College of Rehabilitation Comm Sciences
MS 8116

RE: Study Number IRB-FY?2021-97: Exploration of a Caregiver Report Screening Instrument
for Infant Speech Patterns

Dear Dr. Ramsdell-Hudock:

| agree that this study qualifies as exempt from review under the following guideline: Category
2.(1). Research that only includes interactions involving educational tests (cognitive, diagnostic,
aptitude, achievement), survey procedures, interview procedures, or observation of public
behavior (including visual or auditory recording).

The information obtained is recorded by the investigator in such a manner that the identity of the
human subjects cannot readily be ascertained, directly or through identifiers linked to the
subjects.

This letter is your approval, please, keep this document in a safe place.

Notify the HSC of any adverse events. Serious, unexpected adverse events must be reported in
writing within 10 business days.

You are granted permission to conduct your study effective immediately. The study is not
subject to renewal.

Please note that any changes to the study as approved must be promptly reported and approved.
Some changes may be approved by expedited review; others require full board review. Contact
Tom Bailey (208-282-2179; fax 208-282-4723; email: humsubj@isu.edu) if you have any
questions or require further information.

Sincerely,

Ralph Baergen, PhD, MPH, CIP
Human Subjects Chair
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Facilitating Early Identification through Caregiver Report of Emerging Speech Patterns Using
the Speech Sound Development Screener (SSDS)

Thesis Abstract — Idaho State University (2023)

The Speech Sound Development Screener (SSDS) is a new tool to track speech sound
development in infants/toddlers through caregiver reports. In this study, 143 families with infants
aged between 6 to 18 months participated. The caregivers completed the SSDS, the
Communication and Symbolic Behavior Scales—Developmental Profile (CSBS-DP), and a
feasibility survey. The results showed an increasing pattern of sound types and tokens with
increasing infant age, variation between typically developing infants and those at risk for
speech/language delay/disorder, and consistency when compared with the CSBS-DP. The
caregiver responses supported the feasibility of the SSDS, indicating it is easy to implement in a
home setting without the need for a speech-language pathologist. The findings suggest that the
SSDS may be a valid report of developmental status as typical or at-risk, which could have
important positive impacts on researchers, clinicians, and clients. However, study limitations and

future directions are also discussed.

Key Words: Speech sound development, Screener, Validity, Early intervention, Speech/language

delay/disorder, Caregiver report
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Introduction
Purpose: We aimed to explore participant responses, validity, and feasibility of a new screening
tool, the Speech Sound Development Screener (SSDS), created to track infant/toddler (1/T)
speech sound development through caregiver reports.
Method: Participants, 143 families with I/Ts between 6 to 18 months of age, were recruited in
Pocatello, ID, and surrounding geographical areas. Parents completed informed consent, the
SSDS, the Speech Composite of the Communication and Symbolic Behavior Scales—
Developmental Profile (CSBS-DP; to explore the validity of the SSDS), and a feasibility survey
(to probe understanding, ease of completion, and perception of the importance of the SSDS).
Descriptive and inferential statistics were calculated across infant age.
Results: From caregiver report on the SSDS, we have found 1) increasing patterns of sound types
and tokens to be present with increasing I/T age, 2) variation between typically developing I/Ts
and those at risk for speech/language delay/disorder, and 3) consistency with caregiver report on
the CSBS-DP Speech Composite. Further, we have also found caregiver responses to support the
feasibility of the SSDS.
Conclusions: The results of this research could have several important positive impacts on
researchers, clinicians, and clients alike. The screener appears to be easy to implement in a home
setting, without the support of a speech-language pathologist, with little extra training or expense
to interpret, and the findings may be a valid report of developmental status as typical or at-risk.

Clinical implications, study limitations, and future directions are discussed.



Facilitating Early Identification through Caregiver Report of Emerging Speech Patterns
Using the Speech Sound Development Screener (SSDS)

During the first few years of life, speech/language development, or lack thereof, sets the
stage for communication abilities throughout life (Brady et al., 2004; Bricker et al., 2020;
Goldstein et al., 2008; Goode et al., Lang et al., 2019; Lyakso et al., 2014; Maatta et al., 2012;
Oller et al., 1999). When caregivers! express concerns about late talkers, some adopt a “wait-
and-see” attitude when intervention may benefit all concerned. General practitioners and
pediatricians often support this wait-and-see attitude by erring on the side of calming anxious
parents (Snijder et al., 2022). This cautious approach presents challenges for the early
identification of those in need of speech/language intervention (SLP) in the pediatric population.
In addition, there are several other reasons for difficulty with the early identification of
infants/toddlers (1/Ts) needing SLP. These reasons include, but are not limited to the fact that
there is typical developmental variability between I/Ts, a lack of knowledge on language
development in parents, and a lack of clear-cut criteria of what would determine if an I/T needs
services. Another reason is that there are limited screening procedures that are easy to implement
and can flag I/Ts who may need early intervention.

The normative nature of infant vocal productions is demonstrated and defined as a
trajectory development and growth curve of accepted milestones (Moore et al., 2018). Results
from Moore et al. (2018) showed that a hierarchical relationship exists between the complexity
of infant vocal productions and infant age, such that a stage-for-age trajectory of vocal

competence for typically developing (including normal hearing) infants under 12 months of age

! For the purpose of this research, “caregiver” is defined as any person that is involved in the
primary caretaking of the infant.



can be reliably depicted. Several features of typical vocal development are widely recognized as
indicators which, for the most part, are independent of the ambient language environment. Such
features include steady increases in vocal proficiency (e.g., the transition from quasi vowels to
fully resonant nuclei, from marginal to canonical babbling), canonic babble by 10 months of age,
and proto-words by 12 months of age (Oller et al., 1999). Canonical syllables are particularly
important in development, given that their lack of appearance by 10 months of age can indicate
any soft neurological deficits (e.g., subtle deficits in motor coordination, sensory-perceptual
difficulties, and involuntary movements that have been linked with poor cognitive development
later in childhood; Alamiri et al., 2018). Accordingly, it is important to note that canonical
syllables are characterized by fully resonant nuclei, clearly articulated consonants, and timely
(acoustic) transitions between the two (Oller, 2000). Further, an infant's proto-words can be
defined as the first utterances in which they produce a consistent sequence of sounds (with no
phonetic match to the adult target) tied to a consistent referent before idly attempting to speak a
language completely.
Caregiver Report

Ramsdell-Hudock et al. (2018) suggested that caregivers can play a critical role in the
early identification of children who display atypical infant speech development or those at risk?
for future speech/language delay/disorder. There is an undeniable bond of understanding
between caregivers and their infants, perhaps simply because caregivers are the primary

communication partners with their infants. The infant’s immature speech productions are

2 For this line of research, “at risk™ is defined as infants who experienced any of the following
conditions prior to 6 months of age: pre- and/or perinatal problems; ear, nose, and throat
problems; swallowing/sucking problems; and/or a family history of speech and/or language
problems (Brady et al., 2004; Farnsworth, 2019; Goldstein & Schwade, 2008; McDuffie &
Yoder, 2010, Ramsdell-Hudock et al., 2018).



recognized uniquely and naturally by their caregivers, one that enables observation of patterns of
the gestalt productions, rather than wading through the abundance of sound variations that are
observed when listening as a scientist in the research laboratory (Ramsdell-Hudock et al., 2018).
Identifying speech sound production outside of this natural context can be challenging because
of the variability within and across infants during this developmental timeframe (Fenson et al.,
2000). Caregiver perceptions and descriptions of some consonant sounds vary slightly, but the
manner and place of consonant production are the same (Moore et al., 2018). A new method is
needed to capitalize on the caregiver’s unique perspectives and garner a reliable way to report
their observations. This is particularly important given the essential role caregivers play in early
SLP.

Ramsdell-Hudock et al. (2018) conducted a study to determine if caregivers’ reporting of
I/T productions would reflect established norms. Children aged 7 to 18 months took part,
including 15 caregivers and 15 typically developing infants. For the duration of the longitudinal
study, caregivers were interviewed weekly. The interviewers focused on asking the following
question: “What sounds/words does your infant make?” (Ramsdell-Hudock et al., 2018, p. 167).
The caregiver interviews took approximately 5 minutes to conduct, and responses were
phonetically transcribed. Results indicated that the caregiver report replicated established norms
and markedness theory, supporting the argument that the caregiver reports are a valuable tool for
early identification and clinical application (Ramsdell-Hudock et al., 2018). Finding norms, as
well as markedness, is equally important. An indication of markedness in vocal development
would be a production that varies from an ordinary or more common form, making it stand out as

nontypical or divergent (Reimers, 2015). The findings from Ramsdell-Hudock et al. (2018)



justify incorporating the caregiver reports of early vocalizations into research methods and
clinical diagnostic procedures for early identification.

Further, it was suggested that caregiver report is a valuable untapped method for early
identification and clinical application. Further support for caregiver report is garnered from the
fact that it has been routinely employed reliably with older children starting at around two years
of age (Eadie et al., 2010). This line of research was the driving force behind the creation of the
SSDS.

Further supporting the validity of caregiver reports, Ramsdell et al. (2012) commented
that the caregiver report is more useful than a researcher's transcription of infant vocalizations. A
caregiver listens to their infants' vocalizations more naturally than those transcribing the infant's
sounds. Caregivers hear all the sounds infants produce, but primarily focus on and report those
that are repeated and/or more mature. Because caregivers respond to canonical (more mature)
vocalizations with words, the sounds their infants produce are functional, facilitating the
acquisition of early phonological skills. The process of phonetic transcription is time-consuming,
challenging, and unreliable (the international phonetic alphabet was designed for documentation
of mature sounds, which infants lack). As such, transcription results in a detailed picture of an
infant's phonetic repertoire with sounds that may or may not be necessary and relevant for word
learning (Ramsdell et al., 2012).

The Speech Sound Development Screener (SSDS)

Given the projected importance of caregiver reports of infant vocalizations, the Speech
Sound Development Screener (SSDS) was created as a caregiver report instrument intended to
capture important information about early speech sound milestones. The reason for the

development of the SSDS was to incorporate caregiver reports into research methods and clinical



diagnostic procedures for earlier identification of children considered at risk for speech sound
disorders/delays, use in clinical or home settings with or without professional administration, and
to provide more efficient methods of assessment for the speech-language pathologist. Such a tool
is critical because it would enable speech-language pathologists to screen more children in a
shorter amount of time, which could help to identify more children at risk for later speech or
language delays (Swafford, 2021; Thomas, 2020).

The SSDS provides a means for easy identification of the speech sounds I/Ts are
producing. Infant speech sound production indicates future language development (Lang et al.,
2019; Lyakso et al., 2014; Oller et al., 1999; Sotto et al., 2014). When infants do not begin to
produce basic canonical syllables by the age of 10 months, it is a red flag for later
speech/language delays and any number of soft neurological deficits, as previously mentioned
(Oller et al., 1999). Canonical syllables are the building blocks of words. Furthermore, there is a
significant correlation between the type and frequency of vocalizations produced by I/Ts, the
number of early words produced, and the development of language skills in preschool (Lyakso et
al., 2014; Sotto et al., 2014). We see such reports recurring in the research. However, we have
yet to be able to utilize this information efficiently to identify I/Ts in need of speech and
language assessments for early intervention.

The SSDS is a screening instrument, which differs from an assessment in that the purpose
of a screening instrument is designed to efficiently identify whether a complete speech and
language evaluation (including receptive and expressive language, voice, fluency, hearing, etc.)
is necessary. The purpose of a full evaluation would be to gain comprehensive knowledge of a
client’s speech and language abilities to diagnose and inform intervention (Swafford et al.,

2021). The SSDS was developed under the guidance of Dr. Ramsdell in previous thesis work



(Thomas, 2020). In line with its name, the SSDS was developed with the aim of documenting
caregiver report of I/T speech sounds. For the SSDS, a bank of questions was generated from
caregiver report in prior cross-sectional and longitudinal research conducted in the Infant Vocal
Development Laboratory at Idaho State University (e.g., Does your child produce the sound /i/ as
in "tea"?; Ramsdell-Hudock et al., 2018). The questions were designed to explore the anticipated
differences between I/Ts who are typically developing and those who are at risk. First drafts of
the screener were distributed to seven caregivers of infants between the ages of 7 and 18 months
and six experts in the field of child phonology (such as speech-language pathologists, child
development experts, etc.). These caregivers and experts provided feedback regarding potential
revisions and additions to the screener. A revision was made to the screener in order to include
more speech sounds based on suggestions.

Within the unpublished thesis by Swafford (2021), a final version of the SSDS was
developed, again under the guidance of Dr. Ramsdell. After parent and expert review,
adjustments were made, resulting in an SSDS consisting of 133 simple questions, including the
identification of 114 possible speech sounds. Corner vowels that had previously been excluded
were included, as well as organizing vowels in isolation at the beginning of the screener
(Swafford, 2021). Consonant-vowel (CV) syllable structures were expanded to include outside
vowels if not previously present. VVoiceless stops were added to CV syllable structures
(Swafford, 2021). No consonants in isolation were included, as each consonant represented had
multiple CV examples (Swafford, 2021). Caregivers would select “yes” or “no” to indicate
whether a specific vocal behavior was evident in their 1/Ts productions, and caregivers would

identify whether each behavior occurred “always, sometimes, or never” (Swafford, 2021).



One purpose of the current project was to determine how caregiver reports on the SSDS
vary across I/T age and developmental status. To be useful and pertinent, we wanted to see
increasing types and tokens of sounds reported as I/T age increases. We also wanted to see
differences in caregiver reports of I/Ts who were typically developing and those who were at
risk. Further, we wanted to explore the SSDS by considering its validity and feasibility.

Validity

Validity is used to evaluate the quality of assessments/screeners and indicates the extent
to which such tools accurately measure the intended variable. For the purposes of this study,
concurrent validity was considered. Concurrent validity measures how well a new test (the
SSDS) compares to a well-established test (the Communication and Symbolic Behavior Scales—
Developmental Profile, CSBS-DP). The CSBS-DP is a standardized, normed assessment that
measures seven key language predictors: emotion and eye gaze, communication, gestures,
sounds, words, understanding, and object use. Often, the first sign of developmental delays is in
social communication, expressive speech/language, and symbolic functioning (Wetherby et al.,
2002). Based on both parent reports and face-to-face evaluations with children, a total of 45
questions on the CSBS-DP assessment provide results in the seven language areas (Wetherby et
al., 2002).

The CSBS-DP contains three formal tests: the CSBS Caregiver Questionnaire, the CSBS
Behavior Sample (BS), and the Caregiver Perception Rating form. For the CSBS-DP, six aspects
of validity were assessed during its development: face, content, criterion, construct (Limosani et
al., 2020; Wetherby et al., 2005), predictive, and concurrent validity (Eadie et al., 2010). The
face validity of a test is the extent to which it appears to measure the concept it is supposed to

measure. For example, if researchers aim for an assessment to document the types of sounds a



particular child is producing, the questions on the assessment should encompass the speech
productions expected of a child to ensure face validity. The CSBS-DP was determined to have
strong face validity (Limosani et al., 2020; Wetherby et al., 2002). Generally, content validity
refers to the degree to which a measure is representative of all facets of a given construct. For
example, a number of studies have been conducted to examine the degree of relationship
between one construct and another construct (Eadie et al., 2010; Limosani et al., 2020; Wetherby
et al., 2005). The correlation between the two constructs represents the degree to which the first
construct predicts the second construct. The CSBS-DP assessment measures seven key language
areas and has been deemed to demonstrate strong content validity (Limosani et al., 2020;
Wetherby et al., 2002). The criterion validity of a measure refers to its ability to predict the
outcome of another related measure. The evaluation of criterion validity for the CSBS-DP
demonstrated strength in comparison between scores of child language abilities across a 4-month
interval (Limosani et al., 2020; Wetherby et al., 2002).

The measure of construct validity can be viewed as the accumulation of evidence that
supports an interpretation of what the assessment represents. The construct validity of the CSBS-
DP is of particular interest to the purpose of the present study, that is, how well the items within
each composite score on the CSBS-DP relate to one another, and to the underlying theory of the
assessment (Wetherby et al., 2002). Researchers used confirmatory factor analyses (CFA) to
examine the structure of the CSBS-DP (Wetherby et al., 2002). Confirmatory factor analysis
allows for the exploration of correlational relationship between a number of variables that are
said to measure a particular construct, and can therefore verify that construct measures match the
researcher's understanding of the construct. The CSBS-DP demonstrated good construct validity

through the appropriateness of scores on the assessment (Wetherby et al., 2002). When



comparing scores from the CSBS-DP BS to those from the Infant-Toddler Checklist (ITC) it was
concluded that the CSBS-DP is a clinically valid tool for measuring constructs broadly
representing social, speech, and symbolic communication skills (Wetherby et al., 2002). The
speech composite, in particular the sounds subscale, emerged with strong validity under the
CSBS-DP for this age group. We plan to compare the speech composite of the CSBS-DP to
caregiver reports of I/T speech sound productions on the SSDS.

The predictive and concurrent validity of the CSBS-DP were also observed by Eadie et
al. (2010). The term predictive validity allows for exploration of whether or not the score on an
assessment can be used to predict the value of some future behavior. Research on the CSBS-DP
demonstrated good predictive validity for American-English-speaking children from 8 to 24
months and later receptive and expressive language outcomes at 3 years (Eadie et al., 2010;
Wetherby et al., 2002).

Checking how well caregiver reports on the SSDS correspond with caregiver responses
on the established and normed CSBS-DP speech composite, will establish how the SSDS is
measuring similar concepts. Having a good to strong validity is a vital objective for any new tool
because it will increase confidence in the results and support the tool as a useful method of
analysis.

Feasibility

Beyond the importance of validity, the feasibility of using caregiver report as a tool for
tracking early infant vocal development needs to be considered. Feasibility is defined as the state
or degree of being easily or conveniently done. Establishing feasibility is a vital objective for any
new tool or method of analysis. Feasibility is a substantial component of wide-scale

acceptability for clinicians and parents (Smith et al., 2007). To date, there has not been a widely



used, feasible screening tool that takes an in-depth look at over 100 developing sounds to
identify I/Ts who may be at risk for a speech/language delay/disorder, and in need of a full
evaluation. Such a screener could benefit I/Ts by enabling earlier identification for early
intervention. In exploring feasibility, it may be necessary to consider economic feasibility,
functional feasibility, and operational feasibility.

Firstly, economic feasibility refers to the ability to achieve the greatest benefit at the
lowest cost. For example, several argued cost-benefit advantages of the SSDS include that it is
easy to implement clinically and/or in a home setting, with or without the support of a speech-
language pathologist, with little extra training or expense to interpret. The argued cost-
effectiveness of the SSDS, therefore, is that it does not require infrastructure or highly-qualified
professionals to administer, but may still identify both typical developmental patterns and flag
those I/Ts who are at risk and need further assessment based on caregiver reports.

Next, functional feasibility allows us to consider whether the SSDS is easy to understand
for caregivers, with little guidance from trained professionals. Because it is the caregiver that is
filling out the SSDS, numerous professionals can initiate this screener (e.g., developmentalists,
pediatricians, daycare/preschool teachers, speech-language pathologists, etc.), but it would be
possible for caregivers to complete the screener independently, without guidance from
professionals if they are able to understand the questions.

Lastly, operational feasibility allows us to consider adapting this screener to family or
community settings and to gather the data needed to measure the benchmarks of speech sound
development to facilitate more accurate recommendations for further assessments and
identification of those who appear to be at risk. Caregiver reports can be gathered in a timelier

manner than recordings and phonetic transcriptions of infant vocalizations (Ramsdell-Hudock et

10



al., 2018). There is flexibility for the administration of this screener to reach a varied participant
population and allow further developmental measures to monitor progress as the I/T grows. The
operational feasibility of the SSDS will allow it to be more readily used by professionals
working with young children.

Identifying I/Ts that need early SLP is a pressing matter throughout the nation. We need a
feasible tool for such identification because of the critical nature of this period of prelinguistic
development, during which I/Ts are exploring the capacity of the speech production mechanism
(in terms of extremes between whispers and yells for amplitude, squeals and growls for
frequency, etc.), but not yet actively producing true words (Brinkly et al., 2020; Yoder et al.,
2014). Creating a feasible tool/screener of I/T speech sound development during this critical
period, a tool that utilizes caregiver reports, will be beneficial for I/Ts and their families.
Caregivers, after all, may be able to provide us with expert insight into the phonetic and
phonological repertoires of their I/Ts (Ramsdell et al., 2012; Ramsdell-Hudock et al., 2018), but
only if the tool used to gather caregiver report is feasible.

Early Intervention Need

The cost of not identifying I/Ts with early intervention needs is financially and
educationally adverse for future outcomes. There is considerable evidence in decades of research
that demonstrates experiences during the first years of a child's life play an important role in
brain development (see for detail Goode et al., 2020). The growing brain is most flexible and
responsive during the first 3 years of life (Bricker et al., 2020; Duncan et al., 2017; Goode et al.,
2020; lyer et al., 2016; Johnson et al., 2008; Mé&att4, 2012; McLean et al., 1997; Rosenberg et al.,
2008; Temple et al., 2015). During this time, neural circuits are created that serve as the basis for

learning and behavior. Changing these pathways and circuits becomes increasingly challenging
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with age, as patterns become established and more solidified (Bricker et al., 2020; Duncan et al.,
2017; Goode et al., 2020; lyer et al., 2016; Johnson et al., 2008; Maétta, 2012; McLean et al.,
1997; Temple et al., 2015). Accordingly, the principles of neuroscience suggest that early
preventive intervention is more efficient, and produces more favorable outcomes than
remediation later in life (Goode et al., 2020; Méaétta, 2012; McLean et al., 1997). For the brain to
flourish, it requires a range of positive early experiences, such as stable relationships with
nurturing adults, safe environments, supportive caregivers, and good nutrition (Bricker et al.,
2020; Goode et al., 2020).

In order to prepare I/Ts for success in school and later in life, positive early development
of emotional, social, cognitive, and language capacities are necessary (Bricker et al., 2020;
Duncan et al., 2017; Goode et al., 2020; lyer et al., 2016; Johnson et al., 2008; Méaatta, 2012;
McLean et al., 1997; Temple et al., 2015). Early social/emotional development and physical
health provide the foundation upon which cognitive and language skills develop (Gennetian et
al., 2020; Goode et al., 2020). Quality early intervention services can have a profound impact on
a child's developmental trajectory, improving outcomes for children, families, and communities
(Bricker et al., 2020; Duncan et al., 2017; Gennetian et al., 2020; Goode et al., 2020; lyer et al.,
2016; Johnson et al., 2008; Maattd, 2012; McLean et al., 1997; Rosenberg et al., 2008; Temple et
al., 2015). Intervention is likely to be more effective and less costly when provided earlier in life
rather than later, or at the very least, early intervention will lessen the quantity of intervention
needed later (Duncan et al., 2017; Gennetian et al., 2020; Goode et al., 2020; Temple et al.,
2015). For every $1.00 spent on early intervention for a child in need, the school system can
expect to save $2.88 later on special education services provided in the schools (Temple et al.,

2015). In addition to reducing the financial burden of special education, there are other benefits
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to society (Duncan et al., 2017; Gennetian et al., 2020; Goode et al., 2020; Rosenberg et al.,
2008; Temple et al., 2015).

More I/Ts need early intervention than are currently being served. It has been reported
that 2.67% of the general population of I/Ts aged birth to 3 years are receiving early intervention
services (Rosenberg et al., 2008). However, research indicates that as many as 13% of birth to 3-
year-olds have delays that would make them eligible for services (Rosenberg et al., 2008).
Language/speech delays or disorders are frequently identified between 2 and 3 years of age
(Eadie et al., 2010; Sachse et al., 2008; Bricker et al., 2020). There is a need to serve more I/Ts
earlier. Research has shown that at 9 months of age, only 9% of children who have delays
receive early intervention services and that at 24 months of age, only 12% of eligible children
receive services (Goode et al., 2020). There are several reasons why I/Ts may not be identified as
having a speech/language delay, including: developmental variability within and between I/Ts,
lack of awareness from caregivers, and the adoption of an “wait and see” attitude from healthcare
professionals (Fenson et al., 2000, Snijder et al., 2022). Caregivers will often look to their
healthcare professionals to guide them on if their I/Ts are meeting typical milestones and may
not realize that their child is falling behind. The "wait and see" attitude is a common approach
used by many healthcare professionals when assessing children's speech and language
development. This approach involves observing the child's development over time, without
immediately recommending any intervention. The article by Snijder et al. (2022) discusses the
results of a study on the effectiveness of this approach in identifying language delays in young
children. The study found that a wait and see approach was less effective in identifying language
delays compared to a proactive screening approach. The researchers suggested that the wait and

see approach may result in delays in receiving appropriate interventions and support, which can
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have negative effects on a child's language development and academic performance. They

suggested that healthcare professionals should use a more proactive approach to screening and

identifying language delays in young children (Snijder et al., 2022).

During the period between 8 and 24 months, the development of gestures, early
vocalizations, and symbolic play are essential for the emergence of communication. (Eadie et al.,
2009). Despite this, the identification of early communication delay is difficult because of the
lack of reliable indicators (Reilly et al., 2007), significant individual variation in development,
and problems inherent in assessing very young infants and toddlers (Sachse et al., 2008). Parent
reports should be one strategy used as an instrument for both screenings and supporting a
diagnosis of communication delay (Eadie et al., 2009).

Purpose

Accordingly, through the use of the newly created SSDS, we asked caregiver participants
to report speech sounds they perceived their I/Ts capable of producing. We also asked caregivers
to respond to questions from the previously normed Communication and Symbolic Behavior
Scales—Developmental Profile (CSBS-DP) and a brief feasibility survey. Our goals for the
proposed study were to:

1. Track I/T speech sound patterns in caregiver reports to consider whether or not the SSDS can
accurately differentiate between infants of different ages and developmental status as
typically developing or at risk for future speech/language delay/disorder.

2. Compare reports from the SSDS to reports from the CSBS-DP to facilitate the exploration of
the validity of the SSDS.

3. Explore responses to the feasibility survey to allow us to probe understanding, ease of

completion, and perception of the importance of the SSDS.
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The central hypothesis was that the SSDS would accurately, validly, and feasibly track
speech sound development and identify infants at risk for speech/language delay/disorder. The
rationale for the project was that there is a need for earlier identification of speech/language
delay/disorder. The project provides validity and feasibility for earlier identification through
caregiver report on the SSDS.

The specific scope of this project was to demonstrate patterns in 1/T speech sound
production based on caregiver reports, allowing us to validly and feasibly differentiate between
infant age and developmental status as typically developing or at risk for future speech/language
delay/disorder. The SSDS was designed to guide caregivers through the process of tracking their
I/T’s speech/language development efficiently and effectively, through a manner that is easy to
implement clinically and/or in a home setting with and/or without the support of a speech-
language pathologist, and with little extra training or expense to interpret. Eventually, the goal
would be for infants flagged as at-risk through caregiver responses on the SSDS to be referred
for a complete speech and language evaluation, thus facilitating early identification.
Accordingly, the SSDS will initiate the pathway to early intervention services at an earlier age
than is now common.

e Aim #1: Caregivers reported the speech sound productions of their infants/toddlers from

6 to 18 months of age using the SSDS. The caregiver report was used to track speech

sound patterns in development. As reported by caregivers, a determination of the

relationship between the type and token of vocalizations produced can be used as a

baseline for referral for further assessment from a certified speech-language pathologist.

e Working hypothesis for Aim #1: We expected caregiver reports of younger infants to

consist of fewer types/tokens in comparison to older toddlers, and an apparent
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developmental growth across age to be observable. Further, we expected infants at risk to
be reported to produce fewer vocal features than those typically developing. Caregiver
reports are a vital portion of the process of tracking the development and identifying
atypical patterns because of the bond and relationship between the caregiver and the
infant.

e Aim #2: Caregivers completed the Speech Composite questions on the CSBS-DP.
Comparing the report from the SSDS to the report from the CSBS-DP facilitated the
exploration of the validity of the SSDS.

e Working hypothesis for Aim #2: We expected that CSBS-DP, which is a standardized
assessment, would have the same, or comparable results to the SSDS across infant age
and developmental status as typically developing or at risk, which would validate the new
tool.

e Aim #3: Caregivers responded to three questions related to the feasibility of the SSDS.
Exploring responses to the feasibility survey allowed us to probe understanding, ease of
completion, and perception of the importance of the SSDS.

e Working hypothesis for Aim #3: We expected caregivers to report that they largely
understood questions on the SSDS, found the screener easy to complete, and supported
the importance of the tool as a means for identifying atypical patterns in development.

Methods
Research packets, including informed consent (approved by the Human Subjects
Committee at Idaho State University), the SSDS, the CSBS-DP, the feasibility questions, and an
addressed and stamped return envelope, were distributed to approximately 300 families of

infants from 6 to 18 months of age in Pocatello, 1D, and the surrounding areas. The number of
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families who received a research packet was simply an estimate of how many families we
thought we could access in a set amount of time, as opposed to a systematically chosen number
based on power analysis. Caregivers were asked to fill out and mail back all forms in the packet.
Caregiver responses were entered into an electronic database for pattern analysis. We tracked
developmental patterns to identify differences across infant age and developmental status as
typical or at risk. Further, results from the SSDS and CSBS-DP were compared to determine if
the SSDS is as valid at identifying children who are at risk of later delays/disorders.

Descriptive statistics (frequencies, percentages, mean, and range) were calculated to
describe demographics and response rates. Comparisons were made across infant age, between
responses to the SSDS and CSBS-DP, and on feasibility information. Inferential statistics were
calculated using Jamovi, an open statistical software package. T-tests were used to explore caregiver
report of I/T sounds produced across age, and chi-square was used to explore caregiver report
across the SSDS and CSBS-DP. For the purpose of this study, a significance level (p) was set at
0.01.

Results

The method of convenience sampling was utilized to distribute 300 surveys through five
distinct channels in and around Pocatello, 1D: family members and acquaintances of the primary
investigator, participants in parenting classes (sponsored by Madison Cares), contacts on
parenting social media (Facebook groups e.g. “American Mothers Inc.” and “Rexburg Moms
Supporting Moms”) , and face-to-face contacts within the community (e.g. church organizations,
community parks, and play groups). From the 300 distributed surveys, 143 responses were
returned (100% of which were useable for analysis, with some intermittent blank responses to

guestions and some infant ages outside of the 6-to-18-month age range); a 47.67% response rate.
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All analyzed data came from individuals who provided informed consent and permission to use
their responses for research purposes (with the exception 2 families who did not respond in the
affirmative or negative with respect to informed consent; yet responded to the entirety of the
survey).
Demographics

Of the 143 participant responses explored, 58 of the infants were female and 85 of the
infants were male. While it was requested that families with infants between 6 and 18 months
complete the survey, we did have some families with both older and younger infants respond.
Accordingly, there is one 2-month-old male, one 5-month-old female, and one 20-month-old
male in the dataset. When asked if parents were concerned about their child’s speech and
language development, 20 participants responded “yes” (13.98%), 98 responded “no” (68.53%),
and 25 did not respond (17.48%). Of the parents concerned, 11 of the infants were female and 9
were male, with the range of ages from 6 to 18 months represented (average age of 13 months).

Aim 1

Recall that Aim 1 was to gather caregiver report of I/T speech sound productions using
the SSDS; to track speech sound patterns in development. Table 1a presents the descriptive and
inferential statistics for three sounds reported by caregivers on the SSDS, with all sounds
presented in Table 1b of the Appendix. The data was split for reporting purposes due to the large
number of sounds/sound combinations explored, and resulting length of the table with all
sounds/sound combinations included. Accordingly, given that 110 different sounds/sound
combinations were explored, we will report narrative data for only the three speech sounds/sound
combinations in Table 1a to exemplify common patterns observed in all of the data (see Table

1b). First, there was a statistically significant difference in chronological age between those who
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were reported to, versus not reported to make the /a/ sound (as in “top”; p = 0.006). The mean
age of the children who were reported to produce the /a/ sound was 12.7 months (SD = 3.89),
while the mean age of children who were not reported to produce the /a/ sound was 10.7 months
(SD =4.14). Second, there was a statistically significant difference in chronological age between
those who were reported to, versus not reported to make the /ma/ sound (as in “mom”; p <
0.001). The mean age of the children who were reported to produce the /ma/ sound combination
was 12.8 months (SD = 3.88), while the mean age of children who were not reported to produce
the /ma/ sound combination was 9.54 months (SD = 3.62). Third, there was a statistically
significant difference in chronological age between those who were reported to, versus not
reported to make the /da/ sound (as in “dog”; p < 0.001). The mean age of the children who were
reported to produce the /da/ sound combination was 14.2 months (SD = 3.39), while the mean
age of children who were not reported to produce the /da/ sound combination was 9.96 months

(SD = 3.61).

Table 1a
Descriptive and Inferential Statistics for /a/, /ma/, and /da/ as Reported by Caregivers on the
Speech Sound Development Screener (SSDS)

Yes No
Speech Sound | SSDS Prompt Mean D Mean D df t p
a “top” 127 | 389 | 10.7 | 4.14 136 | 2.78 | 0.006
ma “mom” 128 | 388 | 954 | 3.62 137 | 4.48 | <0.001
da “dog” 142 | 339 | 996 | 3.61 133 | 7.11 | <0.001

The differences in mean ages for production of /a/, /ma/, and /da/ across caregiver report on the SSDS
are also depicted in Figure 1. The lack of overlap in the blue confidence interval bars on Figure 1
highlights the significant differences observed between |/Ts who were reported to, versus were not
reported to produce /a/, /ma/, and /da/ by caregivers. Further, Figure 2 shows the percent of infants
(across infant age) who were reported to produce /a/ by caregivers on the SSDS. Observation of the red
trend line in Figure 2 clearly illustrates the influence age has on caregiver report, with more caregivers
reporting that their I/Ts are producing /a/ with increasing infant age. Figures 1 and 2 are representative
of all statistically significant results across the dataset.
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Figure 1

Mean Infant Age (in Months) of Production for /a/, /ma/, and /da/ as Reported by Caregivers on
the Speech Sound Development Screener (SSDS)
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Note. “Yes” indicates that caregivers responded their infant/toddler could produce the sound, and
“no” indicates that caregivers responded their infant/toddler could not produce the sound.

Figure 2

Percent of Infants who were Reported to Produce /a/ by Caregivers on the Speech Sound
Development Screener (SSDS) per Infant Age
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The majority of the 110 comparisons across age for speech sounds explored were

statistically significant at the level of p < 0.01 with the exception of /a/ (as in “tub”; p = 0.015),
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/¢/ (as in “ten”; p = 0.014), /ma/ (as in “mud”; p = 0.019), /wa/ (as in “what”; p = 0.017), /ha/ (as
in “hut”; p = 0.012), /ga/ (as in “gum”; p = 0.379), /ga/ (as in “got”; p = 0.071), /gu/ (as in
“goop”; p = 0.021), /vi/ (as in “veal”; p = 0.025), /va/ (as in “volley”; p = 0.203), /dsa/ (as in
“jug”; p = 0.215), /6i/ (as in “theme”; p = 0.013), /0a/ (as in “thaw”; p = 0.189), and /li/ (as in
“leap”; p = 0.015). Figure 3 shows the average number of sounds infants were reported to
produce by caregivers on the SSDS per infant age. Unlike Figures 1 and 2, Figure 3 is a
summary of all 110 sound/sound combination options available for caregivers to report on the
SSDS, rather than simply three sound/sound combinations (Figure 1) or one sound (Figure 2).
Observation of the red trend line in Figure 3 again clearly illustrates the influence age has on
caregiver report, with caregivers reporting that their I/Ts are producing more sounds/sound
combinations with increasing infant age.

Figure 3

Average Number of Sounds Infants were Reported to Produce by Caregivers on the Speech
Sound Development Screener (SSDS) per Infant Age
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Finally, as shown in Table 2, at many infant ages there was a statistically significant

difference in the number of sounds caregivers reported their infants to produce dependent upon
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whether or not they were concerned about their infant’s development. In Table 2, the means
represent the number of parents who reported infants to produce the sounds, divided by the total
number of infants per age (who parents were or were not concerned about), to normalize for the
differing numbers of infants across the different ages. For example, when they were not
concerned, parents reported infants to produce 1.827 sounds/sound combinations, on average at 7
months of age (ranging from 0.000 to 0.714 infants producing individual sounds/sound
combinations). This number was divided by 14, because there were 14 infants with whom
parents were not concerned about, and a mean of 0.131 was obtained. In doing this calculation
for all ages, we were able to factor out differing numbers of infants at differing ages, and
compare across the ages in a normalized fashion. In every instance, at 6, 7, 11, 14, 15, 17, and 18
months of infant age, infants with whom caregivers WERE NOT concerned were reported to
produce more types/tokens of sounds/sound combinations than infants with whom caregivers
WERE concerned (who were reported to produce fewer types/tokens of sounds/sound
combinations). There was no report of caregiver concern for infants at 9, 12, and 13 months of
age in this dataset (so no comparisons made), and there was not a statistically significant
difference at p < 0.01 between those with whom concern was versus was NOT noted at 8, 10

(although this would be statistically significant at p < 0.05), and 16 months of infant age.

Table 2
Difference in Caregiver Report of Speech Sounds Produced by Infants who they Were versus Were
NOT Concerned About

Caregiver Concern

Infant Age Not Concerned Concerned df t p

n Mean SD n Mean SD
6 Months 8 0.163  0.153 2 0.086  0.190 109 4135 <0.001
7 Months 14 0.131  0.158 1 0.018 0.134 109 6.729  <.001
8 Months 12 0.124  0.158 1 0.136  0.345 109 -0.408  0.684
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9 Months No infants with whom caregivers were concerned.
10 Months 7 0.127  0.213 2 0.182  0.251 109 -2.163  0.033

11 Months 7 0.164  0.247 1 0.355  0.481 109 -4.456  <.001
E mg:tﬂz No infants with whom caregivers were concerned.

14 Months 4 0371 0314 3 0.100  0.228 109 10.553 <.001
15 Months 6 0.265  0.259 4 0.198  0.195 109 3.207  0.002
16 Months 9 0.334 0.273 2 0.318 0.357 109 0.53 0.597
17 Months 9 0.640  0.227 1 0.309  0.464 109 8.209 <.001

18 Months 11 0.566  0.260 3 0.339  0.217 109 10.725 <.001
Note. Comparisons made across 110 sounds/sound combinations reported on by caregivers.
Proportion of sounds reported by caregivers across group of infants compared to normalize different
infant group sizes.

Aim 2
Recall that Aim 2 was to have caregivers complete the Speech Composite questions on
the CSBS-DP; to compare report from the SSDS to report from the CSBS-DP for validity. Table
3a presents the descriptive and inferential statistics for comparison of responses across the
measurement tools. As with Aim 1, there were many comparisons made to fully explore Aim 2
(57 in total, presented in Table 3b of the Appendix in order of appearance on the CSBS-DP). We
will present results for one set of comparisons in the narrative to exemplify the trend in results.
There were statistically significant chi square results between caregiver report of I/Ts producing
“mommy” on CSBS-DP and caregiver report of I/Ts producing “ma” [*(1, N = 139) = 27.3,p <
0.001], “mom” [*(1, N = 137) = 44.5, p < 0.001], or “me” [ (1, N = 136) = 20.0, p < 0.001] on the
SSDS. Of the I/Ts who were reported to/not to produce "mommy" on the CSBS-DP, 69.1% were
similarly reported to/not to produce “ma” on the SSDS, 76.6% were similarly reported to/not to
produce “mom”, and 67.6% were similarly reported to/not to produce “me”.
Aim 3
Recall that Aim 3 was to explore the feasibility of the SSDS with respect to caregiver

understanding, ease of completion, and perception of importance. Descriptive statistics for
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feasibility are presented in Table 4. The majority of respondents strongly to somewhat agreed
that they were able to understand the questions asked on the SSDS (96.8%). Also, the SSDS
(informed consent, CSBS-DP, and feasibility survey) took the majority of respondents under 20
minutes to complete (80.4%). Finally, the majority of respondents strongly to somewhat agreed
that the material covered in the SSDS is important (95.8%).

Table 3a
Chi-square between Caregiver Report on the SSDS and CSBS-DP

CSBS-DP Target: /mami/

Yes No Total
Yes Observed 65 39 104
SSDS % within column 62.5% 37.5% 100.0%
Target: No Obse_rv_ed 4 31 35
Jma/ ) % within column 11.4% 88.6% 100.0%
Total Observed 69 70 139
% within column 49.6% 50.4% 100.0%
27*(1,N=139)=27.3, p<0.001
Yes Observed 64 28 92
SSDS % within column 69.6% 30.4% 100.0%
Target: No Observed 4 41 45
/mam/' % within column 8.9% 91.1% 100.0%
Total Observed 68 69 137
% within column 49.6% 50.4% 100.0%
2A(1,N=137) =445, p<0.001
Yes Observed 31 8 39
SSDS % within column 79.5% 20.5% 100.0%
Target: No Obse_rvgd 36 61 97
Imil ’ % within column 37.1% 62.9% 100.0%
Total Observed 67 69 136
% within column 49.3% 50.7% 100.0%

(1, N = 136) = 20.0, p < 0.001

Table 4
Descriptive Statistics for Caregiver Understanding, Ease of Completion, and Perception of Importance
of the Speech Sound Development Screener (SSDS)

N %
Level of agreement
I was able to understand Strongly agree 94 65.73%
the questions asked in the ~ Somewhat agree 43 30.07%
SSDS. Neither agree nor disagree 2 1.39%
No response 4 2.79%

Time in minutes
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Less than 10 65 45.45%

Approximately how long Between 11 to 20 50 34.97%
did it take for you to Between 21 to 30 23 16.08%
complete the SSDS? More than 31 4 2.79%
No response 1 0.69%
Level of agreement
| think the material Strongly agree 102 71.33%
covered in the SSDS is Somewhat agree 35 24.48%
important. Neither agree nor disagree 5 3.49%
No response 1 0.69%
Discussion

The purpose of this study was to explore participant responses, validity, and feasibility of
a new screening tool, the Speech Sound Development Screener (SSDS), created to track
infant/toddler (I/T) speech sound development through caregiver report. From caregiver report of
I/Ts from 6 to 18 months of age on the SSDS, we expected 1) increasing patterns of sound types
and tokens to be present with increasing I/T age, 2) variation between typically developing I/Ts
and those who may be at risk for speech/language delay/disorder, and 3) consistency with
caregiver report on the CSBS-DP Speech Composite. Further, we expected caregiver responses
to support feasibility of the SSDS.

Aim 1. Speech Sound Development and the SSDS

The purpose of Aim 1 was to track speech sound patterns in development across 6 to 18
months of I/T age per caregiver report on the SSDS. The working hypothesis was that younger
infants would have fewer types of vocalizations compared to older toddlers, and there would be
observable developmental growth across ages. Further, we expected to see differences between
infants reported to be typically developing versus those caregivers reported concern for related to
their development (i.e., those who may be at risk for future speech/language delay/disorder).

Results demonstrated in Tables 1 and 2 and Figures 1, 2, and 3, support these hypotheses, with
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caregivers reporting I/Ts to produce more vocalizations with increasing infant age, and with
differences observed between infants reported as typically developing and those flagged for
concern, such that those flagged for concern were reported to produce less variation in reported
sounds/sound combinations. Accordingly, the SSDS appears to be demonstrating clear trends in
speech sound development with increasing infant age per caregiver report, and simultaneously
differentiating between those infants who are typically developing versus those who may be at
risk for speech/language delay/disorder.

Out of the 110 speech sounds explored through caregiver report on the SSDS, there were
a total of 14 sounds that were consistently reported to be produced (or consistently reported to be
not produced) across both younger and older 1/Ts (in other words, there were no statistically
significant differences dependent upon infant age for these sounds/sound combinations at p <
0.01). These productions included /a/ (as in “tub™), /e/ (as in “ten”), /ma/ (as in “mud”), /wa/ (as
in “what”), /ha/ (as in “hut”), /ga/ (as in “gum”), /ga/ (as in “got™), /gu/ (as in “goop”), /vi/ (as in
“veal”), /va/ (as in “volley™), /dza/ (as in “jug”), /0i/ (as in “theme”), /6a/ (as in “thaw”), and /1i/
(as in “leap”). These non-significant results can be easily explained. First of all, regardless of
age, the majority of the I/Ts, were reported to produce /A/ (as in “tub”), which is a central vowel.
Central vowels are produced with a neutral place of articulation, meaning that the tongue and jaw
are not positioned in a specific way (or not positioned in a more pronounced front/back high/low
articulation) to produce these vowel sounds. This type of vowel sound is often produced early in
language development because it requires less precise articulatory control of the tongue and jaw
muscles. Overall, the logic behind central vowels produced with neutral articulatory positioning

means that they are easier to produce, making them unmarked and a natural starting point for
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speech sound development, and providing a logical rationale for most caregivers reporting their
infants to produce /a/.

In contrast to the easy-to-articulate neutral vowel that most infants were reported to
produce, almost no infants in this sample, again regardless of age, were reported to produce /vi/
(as in “veal”), /va/ (as in “volley™), /dza/ (as in “jug™), /6i/ (as in “theme”), /0a/ (as in “thaw™),
and /1i/ (as in “leap”). Each of these sound combinations contain consonants considered to be
more complex and later to develop than other sounds in the English language.

The consonant /v/ is a voiced labiodental fricative, which requires an elongated squeeze
of air to pass the lower lip and upper front teeth. The consonant /d3/ is a voiced postalveolar
affricate, which is a complex sound that requires precise control of the tongue and jaw muscles.
The consonant /6/ is unvoiced linguadental fricative, which requires a precise configuration of
the tongue and teeth to produce the sound. The consonant /I/ is a voiced, alveolar lateral, liquid
consonant sound that is produced by curling the tongue and touching the tip of it to the alveolar
ridge on the palate. As a result of the required coordination and motor control needed to produce
these consonants, they are not typically produced by I/Ts who are still developing the ability to
control their speech muscles. Developmentally, these sounds are typically mastered around the
age of 4 years or older.

Beyond the sounds that were not statistically significant in this sample because either the
majority of infants were (/A/) or were not (/vi/, /va/, /d&a/, /8i/, /6a/, and /1i/) reported to produce
them, there were also several sound combinations with which infants were simply randomly
reported to produce across age, with no patterns in development noted. These sound/sound
combinations included /e/ (as in “ten”), /ma/ (as in “mud”), /wa/ (as in “what”), /ha/ (as in

“hut”), /ga/ (as in “gum”), /ga/ (as in “got”), and /gu/ (as in “goop”’). One possible explanation
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for the non-significant findings here is that these sounds are developing, but not yet mastered in
the I/T age group from 6 to 18 months. That is, some I/Ts produce them, and some do not, such
that there were no clear age patterns noted for their mastery in this group of infants.

With respect to whether or not infants were developing typically, specifically as
presented in Table 2, there was a statistically significant difference in the number of sounds
reported by caregivers who express concern about their infant's development compared to those
who do not. Although there were 3 months (ages 8, 10, and 16 months) that were found to be not
statistically significant. There are a couple of potential explanations for this difference between
the statistically significant and the not statistically significant months. To be thorough, we could
postulate that some caregivers could be concerned when no concern is warranted, some
caregivers could be unconcerned when concern is warranted, and some caregivers are correctly
concerned/unconcerned about their I/T’s speech/language development. There are clear instances
when the first scenario may be present, such as is the case with caregivers of older children who
had a speech/language delay. In this instance, it is not uncommon for caregivers to err on the side
of caution and express concerns about their younger I/T’s language development. Further, there
are always caregivers who will naturally worry about their I/T’s development even when there is
no need to do so. Ultimately, a full speech and language evaluation of the I/Ts in question would
need to be administered to determine whether or not caregiver report of typical/atypical
development is in line with I/T true development.

Aim 2. Validity and the SSDS
The purpose of Aim #2 was to explore the validity of the SSDS by comparing caregiver
report on this new measure to caregiver report on the CSBS-DP, an established standardized

assessment. The working hypothesis was that caregiver report across these measures would be
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comparable across infant age, which would support validity of the SSDS. Within this study, there
were many similarities across caregiver report on the SSDS and the CSBS-DP. These similarities
were demonstrated in all 57 sounds/syllables that were compared between the SSDS and the
CSBS-DP, with results showing statistically significant similarities between the two tools.
Accordingly, we are inclined to suggest that the SSDS is a valid measure of speech sound
development; the SSDS is able to accurately assess the same skills and abilities as the established
CSBS-DP.

Validating the SSDS is important for several reasons. First, it ensures that the screener is
measuring what it is intended to measure. This is important in order to provide accurate and
reliable information about an I/T’s speech sound ability. Without validation, it would be difficult
to know whether the results of the screener are truly reflective of an I/T’s ability, or if said
abilities are influenced by other factors. Second, validation allows for the comparison of results
across different groups of children. This can help identify patterns or trends in speech sound
development, which can be useful for researchers, clinicians, and educators. Lending additional
support to validity of the SSDS, the demographics of 13.98% of caregivers who reported being
concerned about their I/T’s speech and language development is comparable to the 13% that
Rosenberg et al. (2008) identified in this population. Recall that research indicates that
approximately 13% of birth to 3-year-olds have delays that would make them eligible for
services, while only 2.67% of the birth to 3-year-old population receives services (Rosenberg et
al., 2008). This improves the validity of this study because it can provide insight into the
prevalence of speech sounds within the population by having similar demographics of

impairment risk to the population as a whole.
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Overall, validating the SSDS is crucial for ensuring that it provides accurate and reliable
information about an I/T’s speech sound ability, and for establishing it as a widely accepted and
trusted measure in clinical, developmental, and educational settings.

Aim 3. Feasibility and the SSDS

The purpose of Aim #3 was to explore the feasibility of the SSDS by having caregivers
respond to three questions related to their understanding, ease of completion, and perception of
the importance of the SSDS. The working hypothesis was that caregivers would report that they
largely understood the questions on the SSDS, found the screener easy to complete, and
supported the importance of the tool as a means for identifying atypical patterns in development.
Within the study, the understanding of the questions and the importance of the material covered
was reported as somewhat or strongly agree in more than 95% of respondents. The ease of
completion was rated on how long it took to complete the survey and over 80% responded the
SSDS took less than 20 minutes to complete. It is important to note that when administered
independently (without the CSBS-DP, informed consent, and feasibility questionnaire), the
SSDS will require even less time to complete, and therefore further increase ease of completion
(if gauged as a measure of time to complete). With the SSDS alone, it is easy to assume the time
to complete would be significantly less than the 20 minutes. According to these results, the
SSDS is feasible in all three terms of perceived importance, ease of completion, and content
understanding.

Study Limitations and Future Directions

There are some potential limitations to consider. The participant selection was

convenience sampling and not randomized as it was volunteer based on social media and

personal contact outlets. We did ask for sex, age, and whether the caregiver was concerned about
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their 1/Ts speech or language development, but did not have any other demographics on the
participants. Being able to analyze further demographics such as socioeconomics, family
dynamics, parents' education, and other descriptive characteristics would improve a future study
to understand the population more completely. As well as checking that the demographics are
truly representative of the population.

It is also not known if the I/Ts who were reported on were typically developing or at risk
given that we did not simultaneously conduct a full evaluation of developmental abilities. To
control for this limitation in future study of the SSDS, we could conduct both the SSDS and a
full speech/language evaluation to allow for cross-reference of I/T developmental status as
typically developing or at risk on the screener and per the full evaluation. Further, it would be
useful to compare caregiver report on the SSDS to expert report of infant productions. In the
future, we could have caregivers complete the SSDS and gather recordings of the infants for
researchers/clinical SLPs to analyze. Upon analysis of the recordings, the researchers/clinicians
could complete their own SSDS and the results of the two reports (caregiver and
researcher/clinician) could be compared to identify whether or not there is overlap/consistency
across reports. And finally, caregiver report of infant vocalizations in the research lab has been
shown to be related to later vocabulary development (Farnsworth, 2019). This is useful
information because it allows researchers and clinicians with a basis for predicting future
language skill based on infant vocal production. It would similarly be useful to determine
whether or not caregiver report on the SSDS is related to later speech and/or language abilities.
Longitudinal study looking at caregiver report on the SSDS and later speech and language

abilities in children is therefore a potential goal of future research with this tool.
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Future direction for research on establishing the SSDS needs to include establishing a
normative standard score for the SDSS to provide a benchmark for comparison with the birth to
3-year-old population. The normative standard score is derived from a representative sample of
infants within a particular age range who have undergone the same screener. This sample
provides a range of scores that are typical of infants at that age. Therefore, when an infant's score
falls outside the range of typical scores, it is an indication that the infant is at risk of
developmental delays. Without this normative information, there is not a consistent benchmark
to determine which infants are at risk for developmental delays. A normative standard score
ensures that all infants receive a fair and accurate evaluation of their communication skills and
developmental milestones. Using normative scores, an infant flagged as at risk through caregiver
responses to the SSDS could then be referred for a complete speech and language evaluation,
thus facilitating early identification.

Clinical Implications and Conclusions

We conclude that the potential of the present findings (paired with continued exploration)
support the SSDS as a clinically useful tool that should be able to facilitate earlier identification
of children considered at-risk for speech sound disorders/delays, enable use in clinical or home
settings with or without professional administration, and support more efficient methods of

assessment for speech-language pathologist.
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Appendix A

$ Idaho State University

Informed Consent ;

You are being asked to participate in a research study exploring speech development. Your participation
in this research is voluntary. If you decide to participate, you are free to withdraw at any time.

We are asking that you complete the following survey (related to your child’s development) at some
point in the next week. Completion of the survey should take no more than 30 minutes of your time. We

will use your responses to explore patterns in development.

There are no risks to participating in this study, We do not know if you will get any benefits by
participating. The benefits to you are mostly the same as the benefits to us. You will be helping us learn
about development, and this is a contribution to science.

Please note, if you do not want to take part in this study, you do not have to. Anytime that you want to
stop participating, that Is fine. If you choose to provide your contact information so that we can share
screener results, your (your childs) name will not be known and your responses to the study forms will

be completely private.

No identifiable information will be documented on survey materials. Survey responses will only be
viewed by the researchers conducting the study and laboratory staff, all of whom are trained in human
subjects and responsible conduct of research. Results will be maintained indefinitely in the research
archives of the project, under the supervision of Heather L. Ramsdell or her successor(s).

If you have any questions about the research study, please contact Heather L. Ramsdell, PhD, CCC-SLP at
Idaho State University in the Department of Communication Sciences & Disorders, phone 208-282-3077,
email ramsdell@isu.edu. Also, if you have any questions about your rights as a research participant, you
may contact the Human Subjects Committee at Idaho State University, phone 208-282-2179.

1 agree to complete the following survey. | understand the purpose and nature of this study and | am
participating voluntarily. | understand that | can withdraw from the study at any time, without any

penalty or consequences. Yes or no-

I grant permission for the data generated from this survey to be used in the researcher’s publications
and presentations on this topic. Yes or no

_ CcontactforFeedback _

0]

If you would like to be contacted by one of the researchers after we review your completed survey,
please provide your contact information here. Providing contact information is optional and you can
participate in the study without providing contact information.

Name:

Email:

Phone number:
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Appendix B

$ mmsmumm@

Child’s Gender: Child's Birthdate: Today'sDate

Are you concerned about your child’s speech and language development? Yes or no [cirdle one)

How often does your child make sounds (throughout the day, in the time that your chid s pwzie, and mthe T ot
you get to spend with your child)? Always, sometimes, or never (circle one)

hways, somenimes, never |Yes

No | Doesyourchid cry?
slways, sometimes, rever | Yes No | Doesyour chid laugh?
atways, ometmes, never | fes  No Dces your child growl/grunt?
atways, omeumes, rever | Yes No Dces your child squeal?
shaays. sometimes, never: | Yes  No | x:f:;’?chiid produce raspbermies (sounds Ee Ip tifs or Ssfocors
always, sometimes, never | Yes No | Does your chid yell?

Fways, wmenmes, never | Yes  No | Does your child whisper?

always, semenimes, never | Yes  No | Does your chid produce sounds while playing by himse¥/herse®

| Dees your child produce sounds while playing with others (Such 28 parests,
| sidlings, fnends, etc)?

always, wometimes, rever | Yes  No | Does your chid call to you for attention?

always. sometimes, rever | Yes No

stways, womenimes, rever | Yes  No | Does your cni’c imitate speech sounds that you make?

| Does your child taka turns Mang $2eech SOUNCS with you or others, 33 #
| particpatrg in 2 conversatien?

always, womeumes, never | Yes No

ways, wometurmes, rever | Yes  No ‘ Does your chid produce sounds in repetiton (such 2s “ma ma® or "5a 53"
abways, wmenmes, rever | Yes No | Does your child produce advanced babbiing [such 25 “ma te Suyan)?

| Does your chid sometimes sound ke they are speziing, but in 3 SFerene

| larguage?

always, sometimes, never | Yes  MNo | Does your child recognize his/her rame?

| Does your chid respond 1o sounds when 3 source § Nt visibie (pertacs oy
| turning his/her head toward the sound)?

| Does your child understand smple commands {such 2s “no® o "s2")?
| Does your child use baby signs?

slways, sometimes, never | Yes  No

always, wometimes, never | Yes

dwiays, womeumes, never | Yes

§|5| 3

atways, wormenmes, rever | Yes

On the back page there is a list of speech sounds babies produce in Babliing and first words. InSiCate whether or not
yourch.ldproduesexhwundbvwdw!'m'u'no'. First the sounds have been tranirded using 3 phoretc
alpmbet.!ouowedwawwmdnmwmmmmwwmmdm
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Appendix C

description only when thinking of the sounds your child makes. Do not worry if your child only produces a few of the

speech sounds listed because development of speech sounds is variable across children, .
® - DY [a" :—}(_,.‘_;M___‘ 3

/ol as in “top” Yes No |/u/asin“took” Yes No |/3/asin"turn” Yes No
/N as in “tub” Yes No | /u/asin*“tool” Yes No |/ep/asin“tape” Yes No
1/ asin "tip” Yes No |//asin"tea” Yes No |/alasin“tie” Yes  No
/el as in “tap" Yes No |/e/asin“ten” Yes No |/ou/asin“toe” Yes No
/pa/ as in “pa pa” Yes No |/pi/asin "peas” Yes No [/pu/asin“pool” Yes No
/PN as in “putt” Yes  No [/paefasin“pass” Yes No | /pv/asin“pin” Yes  No
fba/ as in “ball” Yes  No |/bi/asin“be" Yes No |/bw asin“boo” Yes  No
/oA as in “bud” Yes No |/ba/asin“bat’ Yes No | /by asin "bid" Yes No
/da/ as in “dog" Yes  No [/dV/asin “deep” Yes No |/du/asin“do” Yes No
/d/ as in "done” Yes No |/da/fasin“dad” Yes No |/di/asin“dip” Yes  No
/ma/ asin “mom" Yes No |/mi/asin"me” Yes No |/mu/asin“mog” Yes No
fma/ as in “mud” Yes  No |/mae/asin “mat” Yes No |/mu asin “mit” Yes  No
/na/ asin “pot” Yes No |/ni/asin“knee” Yes No |/nu/asin“new” Yes No
/nA/ as in “nut” Yes  No [/na/asin“nap” Yes No | /nt/asin “knit” Yes  No
fjafasin “yawn” Yes  No |[/ji/asin “year" Yes No |/ju/asin"you” Yes  No
fjnf as in "yum"” Yes  No | /jee!asin “yeah" Yes No [ /jt/asin*yippy” Yes No
/wal as in "watt” Yes  No | /wi/asin “week” Yes No |[/wu/asin"woohoo” Yes  No
/WA asin "what” Yes  No [/wee/asin“wagon® Yes No | /wy/ asin“wind” Yes  No
/a/ as in “hot” Yes No |/hi/asin"he* Yes No |/hu/asin“who” Yes  No
/A asin “hut” Yes No [/ha/asin “hat” Yes  No | /ht/asin “hit" Yes  No
/ta/ asin "top" Yes  No [ /tiasin“tea” Yes No | /twasin “two” Yes No
NN asin “tub”™ Yes  No |/ka/asin “cop” Yes  No | /ki/asin "key” Yes No
/ku/ as in “cool” Yes No |/kaasin “cut” Yes No |/ga/asin "got” Yes No
/gi/ as in “geek"” Yes No |/gu/asin "ggop” Yes No |/gnasin“gum” Yes No
/fa/ as in “fog” Yes  No |/fi/asin “feet” Yes  No | /fu/asin "food” Yes No
/faf as in “fun” Yes No | /valasin “volley” Yes  No | /vi/asin “yeal" Yes No
N/ as in “voodoo” Yes No | /4o/asin "chalk" Yes  No | /fi/asin “cheek” Yes No
/fu/ as in “chew” Yes No | /4A asin“chug” Yes No |/dza/asin “job" Yes No
[dsi/ as in “jeep” Yes  No |/dsw/ asin "juice” Yes  No |/dsa/asin “jug” Yes No
/8a/ as in “thaw” Yes No | /8i/asin “theme" Yes No | /0 asin "these” Yes No
/sal asin “saw” Yes No |/sifasin“see" Yes No | /su/asin “soup” Yes No
/zi/ as in "zebra"” Yes No |/zu/asin"z200" Yes  No |/83fa/asin “job” Yes No
[dsi/ as in “jeep” Yes  No |/dsu/asin “juice” Yes No | /raf asin "rock” Yes No
Iril as in “reach” Yes No |/ru/asin “room” Yes  No |/lo/asin "lock” Yes No
N as in “leap” Yes No | /lu/asin“logp" Yes No | /am/asin “um” Yes No
/a?04/ asin “uh oh” Yes No [/boy asin“bye” Yes No |/mam/asin“mom” Yes  No
Jhapf zsin “hup” ke "cup®  Yes  No | /hel/ as in “hey” Yes  No |/har/asin"hi" Yes No
10/ a “kissy” noise Yes No |/!atongue "click” Yes No | OTHER: Yes No

References:

Rarnsdell-Hudock, H.L, Warlsumont, AS., Fass, LE., & Perry, C. (2019). Classification of Infant vocalizations by untrained listeners. Journal of Speech, Language, &

Hearing Reseorch, 62, 3265-3275.
Ramsdel-Hudock, H.L, Stuset, A, & Peterson, T, {2018). What do caregivers tell us about infant babbling? Studies in Uinguistics ond Literature. 2(3). Retrieved from
nmmh%y%%. N bar). € Ing caregiver report of infant vocalizations and later vocabulary ability. Poster presented at the
American Speech-Larguage-Hearing Asscciation Aanual C Orlandoa, FL.
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Appendix D

% Idaheo State University

Feasibility of the Speech Sound Development Screener

Approximately how long did it take for you to complete the Speech Sound Development Screener?

=]

o
o
0

Less than 10 minutes
11 to 20 minutes

21 to 30 minutes
More than 31 minutes

Please indicate your level of agreement with the staterment: 1 was able to understand the questions
asked in the Speech Sound Development Screener,

Q

oooQ

Strongly agree

Somewhat agree

Meither agree nor disagree
Somewhat disagree
Strongly disagree

Please indicate your level of agreement with the statement: | think the material covered in the Speech
Sound Development Screener Is Impartant.

=]

oo od

Strongly agree

Somewhat agree

Heither agree nor disagree
Somewhat disagree
Strongly disagree
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Appendix E

CSBSDR CSBS DP Caregiver Questionnaire
Child’s name: Date of birth: Date filled out:
Was birth premature? If yes, how many weeks premature?
Filled out by: Relationship to child:
Instructions for caregivers: The following questions are about how your child communicates and plays The questions have 0 4o wh how

your child expresses him. or herself uaing actions, gestures, sounds, or wards. We would like you to Hill this Gt ower a weekend or 3t 3 time
when you can observe your child and notice the behaviors Isted, Pleate check all the choices that best dewr e your child's bebaviar W you
are not sure, please choose the clovest response based on your experience. Children at your child's age are not necessarily expacted 1o be

able to do all the behaviors listed.

| Emotion and Eye Gaze

1. When your child is happy, does hessthe smile or Laugh and look at you

a1 the same time? [ tiot yet ) sometimes ] Often
2. When your child is playing with a toy, does helshe look at and

then back at the toy? s [ totyet  []Sometimes  [JOtten
3 if you lock at and point to a toy out of your child's reach, does

child look at the toy? o o [ Nt yet ] Sometimes (] Often
2. When your child s upset or frustrated, does helshe eapress this clearly with _

facial expression, sounds, ar words? O Notyet ] Sometimes [ ] Often
5. How often does your child get upset or f [ Sometimes 7] Often
6. When your child is upset, does hefshe ) Sometimes ] Usually
7. When you are with your child, is your

unfamiliar people or new stuations? [ Sometimes [ Usually
B \When your child is afraid, does heishe ) sometimes (] Often
Communication ]
9. Does your child clearly let you know

(for exsmple, wants you to open a Notyet  [T) Sometimes ] Often
10. Does your child clearly let you know

that is out of reach? Notyet 7] Sometimes ] Often
11. Does your child let you knaw that helshe does not want something

that you are offering him/mher? O Not yet [ sometimes ] Often
12. Does your child greet you when you come in the room or leave? [ Not yet [ sometimes  [) Often
13 Does your child reach out to give you a hug or kiss? [ not yet J sometimes [ Otten
14 Does your child try to get your attention when you are busy daing something,

such as when you are 1alking with an adult or preparing @ meal? O noryer O sometimes ) Often
15, 1f your chidd does something that  funny and you laugh, does your child

@a 1t agan for the attention? O notyer ) Sometimes ) Often
16. Doet your child try to get you 10 notice interesting objects, nat to get you

to do anything with them, but [ust 10 get you to look at them (for example,

show you an object o point 10 a picture in a book)? Dnmyel DSomeﬁma DOhen
17. Does your (il try 10 draw yous attention to exciting or unexpected things,

SUCh 35 3 POP-uUp 1oy of something falling down? O notyet  [Jsometimes [ Often
18. if you cant figure out what your child is trying to communicate, does your

child try again or use a different way to get hivher meaning a<ross? 0 ot yet [ sometimes ] Often

Commuscaron and Ber. Scales Develop | Profle by Amy M & M Prizom
© 2002 by Poul H I:odm-'q&_k Al nghey ‘anb', 3 m — o #a publinher
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| Gestures )

19. Does your child use gestures that are easidly understood by others, imes
such as giving objects, showsng objects, painting, and waving? D Not yt D o U oteen

20. Which of the following gestures have you seen your child use?

[ give an object to you

[ show an object to you (e, by extending arm bust not releasing abject)
[ push an object away

() raise arms to be picked up

[ reach with an open hand toward an objoct

[ wave "hi or “bye bye”

(1) point to an object or a picture that is within reach

] point 1o an object or a picture out of reach

Q shake head 1o indicate "no”

) nod head to indicate “yes*

| sounds ]

21. Does your child use sounds to ¢ icate bath pl and discomfart? 2 not yet [ sometimes [ Often

22. Children use sounds to communicate in vocal play before they use sounds in
words. Does your child use a variety of different consonant sounds, such as
“ba,” “ga,” “1a," and “da,” either in vocal play or in words? Onotyet D sometimes [ Often

23. if 50, which of the following sounds have you heard your child use, either in
vocal play or in words?

D /mv as In "mamamama” or “mama” or "moo* [ tsf as in "woowoo™ or "weewee” or “wagon®
2 /v as in *nununu® or “no no” D W as in “lalals” or “ballcon”® or little™
[ v as in “babababa” or *bibo* or "boo® or *bye bye” O mpasin “yayaya" or "yum yum"* or *you"
[ s 35 in "dodadodo” or “daddy” [ s as in =sasasa” or *sock® or “kiss™
[ 1gr s in *googoo” or “gone gone” [ &t as in "shashasha® or *hush® or “shoe*
24. Does your child put scunds together, either In vocal play or words
{for example, *baba,” “mamama,” “dada,” “bye bye")? ) Mot yet ) sometimes ] often
| Words |
25 Does your child use words to communicate that are understandable 1o you? 1 mot yet O sometimes Qotten

26 1f 30, which of the following words have you heard your child use (include
approximations that you recognize, such as “nana® for banana or *baba* for bottle)?

QO mommy Omoo (2 night night Obath s sk
Jdaddy (O woof Coutside O aok
Obaby D grr (animal noise) [ yum yum Ocar
Odeg ) peekavoo Ovroom O cookie
im O bye bye O ouch Qjuice
Oduck Qi O sottie Okeys
Qeye [ an gone [Jvanana Jballoon
Onose QO uhoh Cval Qruck
27. Does your child use words that are understandable to unfamiliar adults? 3 nor yet O Sometimes O oen

28 Does your child put two or more words together (for example, more
Cookie, daddy cat bys bys kig? D Not yet D Sometimes D Often
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Appendix F

Table 1b
Descriptive and Inferential Statistics for Sound/Sound Combinations Reported by Caregivers
on the Speech Sound Development Screener (SSDS)

Speech Yes No
Sgun §  SSDSPrompt —p df t D
i “tga” 132 388 109  3.92 136 345 <0.001
I “tip” 132  3.87 112  4.09 133 267  0.008
® “tap” 124 387 103 436 135  2.64  0.009
a “top” 127 389 107 414 136 278  0.006
u “togl” 128 426 109 364 132 27  0.008
o “took” 129 405 110  3.95 133 273 0.007
3 “turn” 150 300 113 401 132 441 <0.001
A “tub” 126 389 109 415 137 246  0.015
e “ten” 129 387 111 412 133 25 0014
e1 “tape” 13.7 3.8 109  3.88 133 416 <0.001
a1 “tig” 135 414 111 3.8 131 343 <0.001
0v “tog” 135 397 108  3.76 132 41  <0.001
mi “me” 149 306 109  3.87 134 586 <0.001
mr “mit” 148 332 113 397 132 427 <0.001
mae “mat” 135 406 107  3.68 133 425 <0.001
ma “mud” 128 401 112 402 134 237 0.019
ma “mom” 128 388 954  3.62 137 448 <0.001
mu “moo” 152 285 102  3.56 132 830 <0.001
di “deep” 145 312 111 404 132 450 <0.001
dr “dip” 139 338 110 410 132 402 <0.001
dee “dad” 130 366 827 334 138 634 <0.001
da “done” 139 373 106  3.76 133 502 <0.001
da “dog” 142 339 996  3.61 133 711  <0.001
du “dg” 140 355 107 391 134 491 <0.001
pi “peas” 16.4 199 109 374 133 745 <0.001
pI “pin” 163 223 116  3.99 131 405 <0.001
P& “pass” 139 426 113 384 132 329  0.001
pA “putt” 139 383 113  3.98 131 335  0.001
pa “pa pa” 138 358 989 360 135 642 <0.001
pu “pool” 152  3.09 114  3.97 133 434  <0.001
bi “be” 149 313 108  3.89 132 585 <0.001
b “bid” 142 373 113 398 132 359 <0.001
be “bat” 129 391 108  3.98 133 310  0.002
ba “bud” 128 397 106  3.97 132 308  0.003
ba “pall” 127 388 959 3.7 139 412  <0.001
bu “boo” 145 368 104 351 134 648 <0.001
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ni
nI
nee
nA
na
nu
wi
WI

we

WA

wa

wu
hi
hr
hee

ha
hu
ti
tA
ta
tu
Ki

ka
ku

gi

fi

fa
fa
fu
ji

JI

je
JA
ja
ju

vu

ha

gA
ga
gu

Vi
va

“m”
“mt”
“nap”
“nut”
“not”
“new”
“week”
“Mnd”
“wagon”
“W_hat”
“watt”
“wo0 hoo’
“m”
“mt”
“mt”
“mt”
“mt”
“W_I‘]o”
“tea”
“tub”

GGt_Op”
“tWO”

“kﬂ”
“cut”
“cop”
“cool”
“geek”
“qum”
“got”
“qoop”
“fe—et”
“f_Ul’l”
“f_og”
“f()_od”
“year”
“Yippy’
“Mh”
“yum”
“yawn”
“you”
“veal”
“volley”
“voodoo”

b

9

15.2
14.7
14.2
13.8
14.4
15.9
151
15.2
14.4
13.3
13.3
14.3
14.3
14.6
14.7
135
141
151
16.1
145
14.4
16.0
154
15.2
15.3
13.8
13.7
125
12.9
13.2
17.1
14.9
15.2
151
14.9
14.3
14.2
13.8
13.6
14.6
16.5
13.7
14.6

3.42
4.04
3.76
3.69
3.63
3.23
3.57
3.51
3.7
3.81
3.79
3.76
3.82
3.62
3.62
4.09
4.01
3.56
3.08
3.38
3.73
2.96
3.54
3.35
3.43
4.25
4.25
4.34
4.13
4.35
1.60
3.97
3.70
3.36
291
3.99
3.54
3.82
4.07
3.69
1.73
4.12
3.53
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114
11.6
11.0
11.3
11.0
115
11.2
115
111
115
11
10.7
11.3
11.3
111
115
11.0
11.3
11.3
11.3
11.3
111
114
114
114
115
114
11.8
11.6
115
11.3
11.6
115
114
11.6
114
10.2
10.8
11.2
11.3
11.8
11.9
115

3.95
3.95
3.84
4.07
3.89
3.92
3.84
3.95
3.88
4.10
4.00
3.69
3.92
3.95
3.83

3.75
3.9
3.88
4.04
3.93
3.79
3.90
3.95
3.91
3.94
3.89
4.01
4.02
3.86
3.83
3.97
3.94
3.95
4.07
3.94
3.56
3.79
3.87
3.95
4.07
4.08
4.02

133
132
134
132
131
133
131
131
132
134
131
131
132
132
132
131
133
132
131
131
132
133
132
133
132
133
132
132
132
133
133
131
132
134
132
132
135
134
132
133
132
132
132

4.19
3.15
4.65
3.30
4.61
4.33
4.75
3.75
4.38
241
3.36
5.37
3.81
3.90
491
2.53
4.44
4.36
4.93
3.73
3.91
5.97
4.50
4.30
4.35
2.68
2.89
0.882
1.82
2.33
6.11
3.07
3.66
4.13
3.18
3.28
6.60
4.66
3.29
3.95
2.27
1.29
3.2

<0.001
0.002
<0.001
0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.017
0.001
<0.001
<0.001
<0.001
<0.001
0.012
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.008
0.004
0.379
0.071
0.021
<0.001
0.003
<0.001
<0.001
0.002
0.001
<0.001
<0.001
0.001
<0.001
0.025
0.203
0.002



ti “cheek”

ia “chug”
fa “chalk”
fu “chew”
dsi “leep”
dsa “lug”
dza “job”
dsu “luice”
oi “these”
01 “theme”
fa “thaw”
Si “see”
sa “saw”
su “soup”
zi “zebra”
zu “z00”
ri “reach”
ra “rock”
ru “room”
i “leap”
la “lock”
lu “loop”
AP0y “uh oh”
hap “hup” like “cup”
O “kissy” noise
baj “bye”
her “hey”
! tongue “click”
Am “um”
mam “mom”
hax “hi”

17.2
16.5
14.9
17.2
155
13.5
14.8
16.5
16.5
16.0
13.7
16.0
15.3
15.9
16.0
15.2
16.7
14.8
15.2
154
135
14.9
154
14.9
13.6
155
151
12.9
131
13.6
13.8

1.40
2.27
3.42
1.83
3.73
4.27
4.46
1.86
1.60
1.67
5.55
2.42
3.61
2.79
2.24
2.55
2.10
3.47
3.38
2.33
3.63
2.75
2.58
3.51
4.07
2.65
3.19
3.67
3.97
3.5
3.93

115
11.6
11.7
115
11.6
11.9
11.7
11.0
11.7
11.8
11.8
11.0
114
11.3
11.6
11.6
11.6
114
11.6
11.8
11.7
11.6
10.2
10.8
10.5
9.93
10.6
10.3
10.5
8.82
10.2

3.93
3.99
4.05
3.92
3.98
4.07
3.96
3.77
4.05
4.08
3.95
3.81
3.89
3.92
4.04
4.08
3.96
3.98
4.01
4.09
411
4.10
3.5
3.74
3.39
3.34
3.68
4.33
3.77
3.2
3.35

133
132
132
132
132
132
132
133
133
132
131
133
131
132
131
132
132
132
132
132
134
132
135
130
133
133
132
131
135
135
135

4.93
3.81
2.66
4.74
3.23
1.25
2.64
1.22
3.3
2.51
1.32
6.62
4.24
4.86
3.56
3.23
4.26
3.84
3.35
2.46
1.76
2.98
9.15
5.66
4.79
10.1
6.84
3.62
3.74
7.71
5.79

<0.001
<0.001
0.009
<0.001
0.002
0.215
0.009
<0.001
0.001
0.013
0.189
<0.001
<0.001
<0.001
<0.001
0.002
<.001
<0.001
0.001
0.015
0.008
0.003
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Note. Highlighte(;sound/sound combinations are also reported in Table 1a.
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Appendix G

Table 3b

Chi-square between Caregiver Report on the SSDS and CSBS-DP

CSBS-DP Target: /mami/

Yes No Total
Yes Observed 65 39 104
SSDS % within column 62.5% 37.5% 100.0%
Target: No Obse_rv_ed 4 31 35
ma/ % within column 11.4% 88.6% 100.0%
Total Observed 69 70 139
% within column 49.6% 50.4% 100.0%
27*(1,N=139) =27.3, p<0.001
Yes Observed 64 28 92
SSDS % within column 69.6% 30.4% 100.0%
Target: No Obse_rvgd 4 41 45
/mam/' % within column 8.9% 91.1% 100.0%
Total Observed 68 69 137
% within column 49.6% 50.4% 100.0%
7*(1,N=137) =445, p<0.001
Yes Observed 31 8 39
SSDS % within column 79.5% 20.5% 100.0%
Target: No Obse_rv_ed 36 61 97
Imi/ ’ % within column 37.1% 62.9% 100.0%
Total Observed 67 69 136
% within column 49.3% 50.7% 100.0%
22(1,N = 136) = 20.0, p < 0.001
CSBS-DP Target: /deedi/
Yes Observed 71 39 110
SSDS % within column 64.5% 35.5% 100.0%
Target: No Obse_rvgd 4 26 30
Py ’ % within column 13.3% 86.7% 100.0%
Total Observed 75 65 140
% within column 53.6% 46.4% 100.0%
272 (1, N =140) =24.9, p<0.001
Yes Observed 26 9 35
SSDS % within column 74.3% 25.7% 100%
Target: No Obsqrvgd 45 54 99
1di/ ) % within column 45.5% 54.4% 100.0%
Total Observed 71 63 134
% within column 53.0% 47.0% 100.0%
7*(1,N=134)=8.63, p=0.003
CSBS-DP Target: /berbi/
Yes No NA Total
Yes Observed 20 20 0 40
SSDS % within column 50.0% 50.0% 0.0% 100.0%
Target: No Observed 6 87 1 94
/bi/ % within column 6.4% 92.6% 1.1% 100.0%
Total Observed 26 107 1 134
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% within column 19.4% 79.9% 0.7% 100.0%
¥ (2,N=134)=34.3 p<0.001
CSBS-DP Target: /dag/
Yes Observed 33 30 2 65
SSDS N g)bwithir:j column SOf% 466(23% 3.%)% 10(7).(?%
0 serve
Eﬁ’et' % within column ~ 5.7% 94.3% 0.0% 100.0%
Total Observed 37 96 2 135
% within column 27.4% 71.1% 1.5% 100.0%
¥*(2,N=135)=38.1, p<0.001
CSBS-DP Target: /kiti/
Yes Observed 12 10 0 22
SSDS N ‘é)bwithir:j column 54.75% 4:5L.05:/o 0.2% 10101.2%
0 serve
mget' % within column 6.3% 92.9% 0.9% 100.0%
Total Observed 19 114 1 134
% within column 14.2% 85.1% 0.7% 100.0%
(2, N =134) =35.3, p < 0.001
Yes Observed 7 10 1 18
SSDS \ (é)bwithiréI column 381.2% 5?.(;5:/0 S.g% 10101.2%
0 serve
/Ttia/rget' % within column 9.6% 90.4% 0.0% 100.0%
Total Observed 18 114 1 133
% within column 13.5% 85.7% 0.8% 100.0%
7*(2,N=133)=18.5,p<0.001
CSBS-DP Target: /b3-d/
Yes Observed 5 21 0 26
SSDS % within column 19.2% 80.8% 0.0% 100%
Target: No Obse_rvgd 7 100 1 108
Ia/ % within column 6.5% 92.6% 0.9% 100.0%
Total Observed 12 121 1 134
% within column 9.0% 90.3 0.7% 100.0%
¥ (2,N=134) =4.37, p=0.113
Yes Observed 11 70 0 81
SSDS \ fé/;)bwithir;I column 13.(;5% 865.3% 0.2% 10(;.?5)%
0 serve
/Tbir/ga' % within column 0.0% 98.1% 1.9% 100.0%
Total Observed 11 122 1 134
% within column 8.2% 91.0% 0.7% 100.0%
¥ (2,N=134) =9.21, p=0.010
CSBS-DP Target: /dak/
Yes Observed 16 39 0 55
SSDS N ‘?bwithirzj column 29.31% 707.2% 0.(1)% 102.(?%
0 serve
/TdaAr/QEt' % within column 3.8% 95.0% 1.3% 100.0%
Total Observed 19 115 1 135
% within column 14.1% 85.2% 0.7% 100.0%

2*(2,N=135)=17.8, p<0.001

CSBS-DP Target: /ai/
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Yes Observed 11 42 0 53
SSDS % within column 20.8% 79.2% 0.0% 100.0%
Target: No Obsgrvgd 3 76 1 80
Ja/ ) % within column 3.8% 95.0% 1.3% 100.0%
= Total Observed 14 118 1 135
% within column 10.5% 88.7% 0.8% 100.0%
7*(2,N=135)=10.3, p = 0.006
CSBS-DP Target: /noyz/
Yes Observed 19 46 0 65
SSDS % within column 29.2% 70.8% 0.0% 100.0%
Target: No Obsqrv_ed 5 63 1 69
Jow/ ) % within column 7.2% 91.3% 1.4% 100.0%
® Total Observed 24 109 1 134
% within column 17.9% 81.3% 0.7% 100.0%
¥*(2,N=134)=11.7, p=0.003
CSBS-DP Target: /mu/
Yes Observed 27 19 1 47
SSDS % within column 57.4% 40.4% 2.1% 100.0%
Target: No Obse_rv_ed 1 86 0 87
Imu/ % within column 1.1% 98.9% 0.0% 100.0%
Total Observed 28 105 1 134
% within column 20.9% 78.4% 0.7% 100.0%
22 (2,N=134)=61.4, p<0.001
CSBS-DP Target: /g3
Yes Observed 16 10 0 26
SSDS % within column 61.5% 38.5% 0.0% 100.0%
Target: No Obsqrvgd 23 84 1 108
/a/ % within column 21.3% 77.8% 0.9% 100.0%
Total Observed 39 94 1 134
% within column 29.1% 70.1% 0.7% 100.0%
22 (2,N =134) =16.5, p<0.001
CSBS-DP Target: /pikabu/
Yes Observed 16 12 0 28
SSDS % within column 57.1% 42.9% 0.0% 100.0%
Target: No Obse_rvgd 8 98 1 107
Ipil % within column 7.5% 91.6% 0.9% 100.0%
Total Observed 24 110 1 135
% within column 17.8% 81.5% 0.7% 100.0%
7*(2,N=135)=37.5,p<0.001
Yes Observed 8 15 0 23
SSDS % within column 34.8% 65.2% 0.0% 100.0%
Target: No Obse_rvgd 16 95 1 112
kn/ ’ % within column 14.3% 84.8% 0.9% 100.0%
Total Observed 24 110 1 135
% within column 17.8% 81.5% 0.7% 100.0%
7*(2,N=135)=5.61, p = 0.060
SSDS Yes Observed 20 19 1 47
Target: % within column 37.7% 40.4% 2.1% 100.0%
/bu/ No Observed 4 86 0 87
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% within column 4.8% 98.9% 0.0% 100.0%
Total Observed 24 105 1 134
% within column 17.6% 78.4% 0.7% 100.0%
7*(2,N=134)=245,p<0.001
CSBS-DP Target: /bar bar/
Yes Observed 39 12 0 51
SSDS \ g)bwithir:j column 76?% 237.2% 0.(;% 10(;.4(?%
0 serve
/szrlget' % within column 6.0% 92.9% 1.2% 100.0%
= Total Observed 44 90 1 135
% within column 32.6% 66.7% 0.7% 100.0%
7*(2,N=135)=71.9, p<0.001
CSBS-DP Target: /noy/
Yes Observed 20 17 0 37
SSDS N (é)bWithir:j column 541.;% 457.3% 0.(;% 108?%
0 serve
/Tn"’zge" % within column  19.6% 79.4% 1.0% 100.0%
Total Observed 39 94 1 134
% within column 29.1% 70.1% 0.7% 100.0%
¥*(2,N=134)=15.6, p < 0.001
Yes Observed 22 21 0 43
SSDS \ g)bwithiréI column 5113% 487.2% 0.2% 108;)%
0 serve
L‘l?et' % within column ~ 18.3% 80.6% 1.1% 100.0%
Total Observed 39 96 1 136
% within column 28.7% 70.6% 0.7% 100.0%
22 (2,N =136) = 15.8, p < 0.001
Yes Observed 28 37 0 65
SSDS N z/;)bwithir:j column 431.1% 5653% 0.(;% 10(;.;)%
0 serve
/Toaor?m' % within column ~ 15.9% 82.6% 1.4% 100.0%
= Total Observed 39 94 1 134
% within column 29.1% 70.1% 0.7% 100.0%
2A(2,N=134)=12.6, p=0.002
CSBS-DP Target: /hai/
Yes Observed 48 21 0 69
SSDS N g)bwithir:j column 69;3% 3063% 0.(;% 10(é.£§)%
0 serve
/Tr;rl?et' % within column 2.9% 95.6% 1.5% 100.0%
- Total Observed 50 86 1 137
% within column 36.5% 62.8% 0.7% 100.0%
7*(2,N=137)=65.8, p<0.001
CSBS-DP Target: /algan/
Yes Observed 19 69 1 89
SSDS % within column 21.3% 77.5% 1.1% 100.0%
Target: No Obsgrvgd 8 41 0 49
Ja/ ' % within column 16.3% 83.7% 0.0% 100.0%
Total Observed 27 110 1 138
% within column 19.6% 79.7% 0.7% 100.0%
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£ (2,N=138)=1.11, p=0.575

Yes Observed 12 30 0 42
SSDS % within column 28.6% 71.4% 0.0% 100.0%
Target: No Obse_rvged 14 77 1 92
g/ % within column 15.2% 83.7% 1.1% 100.0%
Total Observed 26 107 1 134
% within column 19.4% 79.9% 0.7% 100.0%
7*(2,N=134)=3.65p=0.161
Yes Observed 12 24 0 36
SSDS % within column 33.3% 66.7% 0.0% 100.0%
Target: No Obsqrv_ed 14 83 1 98
Jan/ % within column 14.3% 84.7% 1.0% 100.0%
Total Observed 26 107 1 134
% within column 19.4% 79.9% 0.7% 100.0%
7> (2,N=134)=6.36, p = 0.042
CSBS-DP Target: /a?ou/
Yes Observed 41 7 0 48
SSDS % within column 85.4% 14.6% 0.0% 100.0%
Target: No Obse_rv_ed 3 85 1 89
/A?OU/' % within column 3.4% 95.5% 1.1% 100.0%
s Total Observed 44 92 1 137
% within column 32.1% 67.2% 0.7% 100.0%
24 (2,N =137)=96.3, p<0.001
CSBS-DP Target: /nart nart/
Yes Observed 16 21 0 37
SSDS % within column 43.2% 56.8% 0.0% 100.0%
Target: No Obse_rv_ed 5 91 1 97
n/ ’ % within column 5.2% 93.8% 1.0% 100.0%
Total Observed 21 112 1 134
% within column 15.7% 83.6% 0.7% 100.0%
7*(2,N=134)=29.6, p<0.001
Yes Observed 15 38 0 53
SSDS % within column 28.3% 71.7% 0.0% 100.0%
Target: No Obse_rvgd 5 74 1 80
Jai/ % within column 6.39% 92.5% 1.3% 100.0%
- Total Observed 20 112 1 133
% within column 15.0% 84.2% 0.8% 100.0%
2A(2,N=133)=12.6, p=0.002
CSBS-DP Target: /aut said/
Yes Observed 9 44 0 53
SSDS % within column 17.0% 83.0% 0.0% 100.0%
Target: No Obse_rvgd 0 79 1 80
Jai/ % within column 0.0% 98.8% 1.3% 100.0%
= Total Observed 9 123 1 133
% within column 6.8% 92.5% 0.8% 100.0%
7*(2,N=133)=15.1, p<0.001
CSBS-DP Target: /jam jam/
Yes Observed 25 31 0 56
% within column 44.6% 55.4% 0.0% 100.0%
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SSDS No Obse_rv_ed 5 74 1 80
Target: % within column 6.3% 92.5% 1.3% 100.0%
N Total Obsgrvgd 30 105 1 136
% within column 22.1% 77.2% 0.7% 100.0%
¥ (2,N=136) =15.1, p<0.001
Yes Observed 27 54 0 81
SSDS % within column 33.3% 66.7% 0.0% 100.0%
Target: No Obsgrvgd 3 52 1 56
) % within column 5.4% 92.9% 1.8% 100.0%
Total Observed 30 106 1 137
% within column 21.9% 77.4% 0.7% 100.0%
7*(2,N=137)=15.1, p<0.001
CSBS-DP Target: /vrum/
Yes Observed 9 11 0 20
SSDS % within column 45.0% 55.0% 0.0% 100.0%
Target: No Obsgrvgd 14 99 1 114
nu/ % within column 12.3% 86.8% 0.9% 100.0%
Total Observed 23 110 1 134
% within column 17.2% 82.1% 0.7% 100.0%
72 (2,N=134)=12.9, p =0.002
Yes Observed 7 8 0 15
SSDS % within column 46.7% 53.3% 0.0% 100.0%
Target: No Obse_rv_ed 16 102 1 119
Irul % within column 13.4% 85.7% 0.8% 100.0%
Total Observed 23 110 1 134
% within column 17.2% 82.1% 0.7% 100.0%
22 (2,N =134) =10.4, p = 0.006
CSBS-DP Target: /ap/
Yes Observed 18 18 0 36
SSDS % within column 50.0% 50.0% 0.0% 100.0%
Target: No Obse_rvgd 7 88 1 96
/hap! % within column 7.3% 91.7% 1.0% 100.0%
Total Observed 25 106 1 132
% within column 18.9% 80.3% 0.8% 100.0%
2A(2,N=132)=31.3, p<0.001
CSBS-DP Target: /batal/
Yes Observed 26 81 0 107
SSDS % within column 24.3% 75.7% 0.0% 100.0%
Target: No Obse_rvgd 2 31 1 34
ba/ % within column 5.9% 91.2% 2.9% 100.0%
Total Observed 28 112 1 141
% within column 19.9% 79.4% 0.7% 100.0%
72(2,N=141)=8.33, p=10.016
Yes Observed 19 36 0 55
SSDS % within column 34.5% 65.5% 0.0% 100.0%
Target: No Obsgrvgd 9 70 1 80
Jdn/ % within column 11.3% 87.5% 1.3% 100.0%
Total Observed 28 106 1 135
% within column 20.7% 78.5% 0.7% 100.0%
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£ (2,N = 135) = 11.2, p = 0.004

Yes Observed
% within column
?—i? Et' No Observed
/tA/g ' % within column
Total Observed

% within column
7*(2,N=133)=13.5p=0.001

12 15 0 27
44.4% 55.6% 0.0% 100.0%
14 91 1 106
13.2% 85.8% 0.9% 100.0%
26 106 1 133
19.5% 79.7% 0.8% 100.0%

CSBS-DP Target: /banana/ or /banzna/

Yes Observed 19 62 0 81
SSDS % within column 23.5% 76.5% 0.0% 100.0%
Target: No Obsgrvgd 2 50 1 53
b/ ' % within column 3.8% 94.3% 1.9% 100.0%
Total Observed 21 112 1 134
% within column 15.7% 83.6% 0.7% 100.0%
7*(2,N=134)=10.7, p = 0.005
Yes Observed 13 24 0 37
SSDS % within column 35.1% 64.9% 0.0% 100.0%
Target: No Obse_rv_ed 9 86 1 96
na/ ’ % within column 9.4% 89.6% 1.0% 100.0%
Total Observed 22 110 1 133
% within column 16.5% 82.7% 0.78% 100.0%
24 (2,N=133)=13.1, p=0.001
Yes Observed 17 26 0 43
SSDS % within column 39.5% 60.5% 0.0% 100.0%
Target: No Obsqrvgd 6 86 1 93
ne/ % within column 6.5% 92.5% 1.1% 100.0%
Total Observed 23 112 1 136
% within column 16.9% 82.4% 0.7% 100.0%
7*(2,N=136) =23.2, p<0.001
Yes Observed 10 27 0 37
SSDS % within column 27.0% 73.0% 0.0% 100.0%
Target: No Obse_rv_ed 13 83 1 97
an/ % within column 13.4% 85.6% 1.0% 100.0%
Total Observed 23 110 1 134
% within column 17.2% 82.1% 0.7% 100.0%

»(2,N=134)=3.8, p=0.150

CSBS-DP Target: /bal/

Yes Observed 30 77 0 107
SSDS % within column  28.0% 72.0% 0.0% 100.0%
Target: No Observed 2 31 1 34
ba/ ’ % within column  5.9% 91.2% 2.9% 100.0%
Total Observed 32 108 1 141
% within column  22.7% 76.6% 0.7%  100.0%
72 (2,N=141)=9.97, p = 0.007
SSDS Yes Obse_rvgd 26 55 0 81
Target: % within column 32.1% 67.9% 0.0% 100.0%
b/ ’ No Observed 5 47 1 53
% within column 9.4% 88.7% 1.9% 100.0%
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Total Observed 31 102 1 134
% within column 23.1% 76.1% 0.7% 100.0%
7*(2,N=134)=10.5, p = 0.005
CSBS-DP Target: /bat/
Yes Observed 13 61 0 74
SSDS % within column 17.6% 82.4% 0.0% 100.0%
Target: No Obsgrvgd 2 58 1 61
b/ ’ % within column 3.3% 95.1% 1.6% 100.0%
Total Observed 15 119 1 135
% within column 11.1% 88.1% 0.7% 100.0%
¥*(2,N=135)=7.96, p=0.019
CSBS-DP Target: /buk/
Yes Observed 12 60 0 72
SSDS % within column 16.7% 83.3% 0.0% 100.0%
Target: No Obsgrv_ed 3 59 1 63
I/ ) % within column 4.8% 93.7% 1.6% 100.0%
Total Observed 15 119 1 135
% within column 11.1% 88.1% 0.7% 100.0%
¥*(2,N=135)=5.83,p=0.054
CSBS-DP Target: /kar/
Yes Observed 5 16 0 21
SSDS % within column 23.8% 76.2% 0.0% 100.0%
Target: No Obse_rv_ed 5 107 1 113
ka/ % within column 4.4% 94.7% 0.9% 100.0%
Total Observed 10 123 1 134
% within column 7.5% 91.8% 0.7% 100.0%
22 (2,N=134)=9.76, p = 0.008
CSBS-DP Target: /kuki/
Yes Observed 8 64 0 72
SSDS % within column 11.1% 88.9% 0.0% 100.0%
Target: No Obse_rv_ed 2 60 1 63
I/ % within column 3.2% 95.2% 1.6% 100.0%
Total Observed 10 124 1 135
% within column 7.4% 91.9% 0.7% 100.0%
A (2,N=135)=7.96,p=0.126
Yes Observed 9 13 0 22
SSDS % within column 40.9% 59.1% 0.0% 100.0%
Target: No Obse_rv_ed 1 110 1 112
kil % within column 0.9% 98.2% 0.9% 100.0%
Total Observed 10 123 1 134
% within column 7.5% 91.8% 0.7% 100.0%
72(2,N=134)=42.7, p<0.001
CSBS-DP Target: /d3us/
Yes Observed 10 16 0 26
SSDS % within column 38.5% 61.5% 0.0% 100.0%
Target: No Obsgrvgd 1 107 1 109
Jdsu/ % within column 0.9% 98.2% 0.9% 100.0%
Total Observed 11 123 1 135
% within column 8.1% 91.1% 0.7% 100.0%
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22 (2, N = 135) = 39.6, p < 0.001

CSBS-DP Target: /sak/

Yes Observed 9 12 0 21

SSDS % within column 42.9% 57.1% 0.0% 100.0%
Target: No Obse_rv_ed 4 107 1 112

Jsa/ % within column 3.6% 95.5% 0.9% 100.0%
Total Observed 13 119 1 133

% within column 9.8% 89.5% 0.8% 100.0%

(2, N = 133) = 7.96, p < 0.001

CSBS-DP Target: /kiz/

Yes Observed 7 15 0 22

SSDS % within column 31.8% 68.2% 0.0% 100.0%
Target: No Obse_rvged 1 110 1 112

IKi/ ’ % within column 0.9% 98.2% 0.9% 100.0%
Total Observed 8 125 1 134

% within column 6.0% 93.3% 0.7% 100.0%

(2, N = 134) =31.4, p < 0.001

CSBS-DP Target: /balun/

Yes Observed 7 74 0 81
SSDS % within column 8.6% 91.4% 0.0% 100.0%
Target: No Obsgrvgd 1 51 1 53
b/ % within column 1.9% 96.2% 1.9% 100.0%
Total Observed 8 125 1 134
% within column 6.0% 93.3% 0.7% 100.0%
72(2,N=134)=4.06, p=0.1312
Yes Observed 1 14 0 15
SSDS % within column 6.7% 93.3% 0.0% 100.0%
Target: No Obse_rv_ed 7 111 1 119
I/ ’ % within column 5.9% 93.3% 0.8% 100.0%
Total Observed 8 119 1 134
% within column 6.0% 93.3% 0.7% 100.0%

(2, N = 134) = 0.140, p = 0.932

CSBS-DP Target: /trak/

Yes Observed 8 82 1 91
SSDS % within column 8.8% 90.1% 1.1% 100.0%
Target: No Obse_rv_ed 1 47 0 48
N, ’ % within column 2.1% 97.9% 0.0% 100.0%
Total Observed 9 129 1 139
% within column 6.5% 92.8% 0.7% 100.0%
7 (2,N=139)=2.92 p=0.233
Yes Observed 6 21 0 27
SSDS % within column 22.2% 79.8% 0.0% 100.0%
Target: No Obse_rv_ed 3 102 1 106
Jin) % within column 2.8% 96.2% 0.9% 100.0%
Total Observed 9 123 1 133
% within column 6.8% 92.5% 0.8% 100.0%

72(2,N=133)=13.0, p=0.001

57



