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Institute for Clinical and

Translational Research ICTR TL1 Postdoctoral Program
UNIVERSITY OF WISCONSIN-MADISON Administration

UW ICTR TL1 Postdoctoral Trainee Program
ABSTRACT Form

Applicant Last Name, Project Title: Long, "A multi-measure approach to detect vocal biomarkers of speech impairment in
infants at risk for cerebral palsy"

Abstract (maximum 500 words): ICTR TL1 is a training grant that supports the trainee, without further support for research.
However, the research is a critical part of the training plan. Provide a concise description of your proposed research. The
abstract must include descriptions of (1) the rationale supporting the proposed research; (2) the specific hypothesis or
hypotheses to be tested and the expected results; (3) the research aims and design; and (4) how the project uniquely advances
our understanding of the topic being addressed.

Speech motor impairments negatively impact up to 80% of children diagnosed with cerebral palsy (CP), affecting social
participation and quality of life throughout the lifespan. Prior work has evidenced the predictive nature of early speech
performance on later communication outcomes in CP; however, very little is known about vocal and speech development
in this population under 24 months of age. This lack of evidence-based knowledge is a fundamental barrier to accurate
clinical diagnosis and prognosis of speech impairments in this population. The proposed research aims to address this gap
by examining the predictive nature of perceptual and acoustic measures for speech impairment in infants prospectively
identified as being at risk for CP. My central hypothesis is that neurological damage associated with CP will affect the
development of the speech motor system, resulting in atypical vocal features in infancy predictive of later speech
disorders. The project will utilize an existing longitudinal dataset of parent-infant interaction laboratory recordings of 23
infants at risk for CP around 12 months of age. Infants will be grouped by later-identified speech outcomes (speech motor
impairment [SMI] and no speech motor impairment [NSMI]) around 36 months. Specific Aim 1 will compare group-level
performance across perceptual and acoustic measures derived from recordings. These will include four perceptual
measures of infant syllable categories and three acoustic measures. We hypothesize that children with SMI will have
values representative of less well-formed syllable types across perceptual and acoustic measures at 12 months compared
to those with NSMI. Specific Aim 2 will quantify the predictive nature of perceptual and acoustic measures on speech
outcomes in CP. We will model the best combination of predictors against outcome data. We predict that the quantitative
acoustic measures will explain a greater percentage of variance than the subjective perceptual measures. The proposed
research has important implications for leveraging vocal biomarkers of speech impairment in CP, as young as infancy. The
research and training completed during the project period will 1) provide necessary preliminary data for future grants to
develop diagnostic tools for earlier detection of impairment in CP, and 2) refine my skills to conduct highly rigorous
translational research as an independent investigator at a research-intensive university.

Project/Performance Site: Primary Location
Organizational Name (department): \Waisman Center

Street: 1500 Highland Ave

City: Madison State: i Zip: 53705
Name eRA Commons Name | Organization Role on Project
Katherine C. Hustad, PhD, CCC-SLP kchustad Waisman Center Primary Mentor

Name Organization Role on Project
Kate Bunton, PhD, CCC-SLP University of Arizona Acoustic analysis consultant
Tristan Mahr, PhD Waisman Center Statistical consultant

Questions involving the application or review process should be directed to Lauren Hahn,
hahn@wisc.edu.
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Text Box

Speech motor impairments negatively impact up to 80% of children diagnosed with cerebral palsy (CP), affecting social participation and quality of life throughout the lifespan. Prior work has evidenced the predictive nature of early speech performance on later communication outcomes in CP; however, very little is known about vocal and speech development in this population under 24 months of age. This lack of evidence-based knowledge is a fundamental barrier to accurate clinical diagnosis and prognosis of speech impairments in this population. The proposed research aims to address this gap by examining the predictive nature of perceptual and acoustic measures for speech impairment in infants prospectively identified as being at risk for CP. My central hypothesis is that neurological damage associated with CP will affect the development of the speech motor system, resulting in atypical vocal features in infancy predictive of later speech disorders. The project will utilize an existing longitudinal dataset of parent-infant interaction laboratory recordings of 23 infants at risk for CP around 12 months of age. Infants will be grouped by later-identified speech outcomes (speech motor impairment [SMI] and no speech motor impairment [NSMI]) around 36 months. Specific Aim 1 will compare group-level performance across perceptual and acoustic measures derived from recordings. These will include four perceptual measures of infant syllable categories and three acoustic measures. We hypothesize that children with SMI will have values representative of less well-formed syllable types across perceptual and acoustic measures at 12 months compared to those with NSMI. Specific Aim 2 will quantify the predictive nature of perceptual and acoustic measures on speech outcomes in CP. We will model the best combination of predictors against outcome data. We predict that the quantitative acoustic measures will explain a greater percentage of variance than the subjective perceptual measures. The proposed research has important implications for leveraging vocal biomarkers of speech impairment in CP, as young as infancy. The research and training completed during the project period will 1) provide necessary preliminary data for future grants to develop diagnostic tools for earlier detection of impairment in CP, and 2) refine my skills to conduct highly rigorous translational research as an independent investigator at a research-intensive university.










A THE UNIVERSITY DEPARTMENT OF SPEECH,
. OF ARIZONA LANGUAGE, AND HEARING SCIENCES

1131 E. Second Street
PO Box 210071
Tucson, AZ 85721-0071

Main: 520-621-1644
Fax: 520-626-1364

April 1, 2023

Helen Long, Ph.D., CCC-SLP
Postdoctoral Researcher
University of Wisconsin-Madison

Dear Dr. Long:

This letter is to give my enthusiastic support for your ICTR RL1 application titled, “Perceptual and acoustic
measures of vocalizations in infants at risk for cerebral palsy.” I am very pleased to serve as a collaborator for
this important research.

Your project aims to document prelinguistic vocal development and speech outcomes in infants at risk for
cerebral palsy. Specifically, you will characterize early vocal developmental using perceptual and acoustic
measures and through modeling use this data to determine the predictive value of these measures in later speech
outcomes. The research from your proposal offers a unique opportunity to describe acoustic features of pre-
linguistic and early linguistic speech produced by infants at risk for motor speech impairment. This work has
the potential to determine salient acoustic features that relate to perceptual judgements of infant speech but can
also be used to determine predictive value of the measures. Work linking perception-acoustics and later
outcomes lays the groundwork for future research in this area developing diagnostic tools for early detection.

We first began working together in June 2021 as part of the American Speech-Language-Hearing Association
(ASHA) Pathways program. As a consultant for this proposal, | will actively provide training and support
during all phases of the research and analyses. | will be available to participate in regularly scheduled research
meetings and for additional consultation throughout the entire duration of this study to troubleshoot any issues
with data analysis and interpreting the forthcoming data. | understand that I will not receive any compensation
for my role as consultant on this project. | will also be actively involved as a co-author on any forthcoming
publications for this project.

I am highly motivated to be a collaborator for your TL1 research proposal and look forward to working with
you. I am confident that my participation in this project would lead to future studies aimed toward
understanding acoustic features of prelinguistic and early speech development in cerebral palsy and other
neurodevelopmental disabilities at risk for motor speech disorders.

Sincerely,

Kate Bunton, Ph.D., CCC-SLP

Associate Professor, Associate Department Head,

Director of Graduate Studies

Director, Program for Excellence in Learning and Teaching
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March 31, 2023

To Dr. Long:

I am writing this letter to confirm that | will provide expert guidance on the statistical analyses planned
for your TL1 award examining perceptual and acoustic predictors of speech outcomes in infants at risk for
CP. | have extensive experience with the analyses required to conduct the research in your proposal as
well as cross-sectional analyses, R, functional programming, mixed effects models, and Bayesian
statistics to support any alternative analyses required. As the dedicated data scientist for Dr. Hustad, I am
well acquainted with analyzing and managing data archived in her laboratory. | am also familiar with the
goals of your research through our ongoing collaborations of manuscripts and research conference
presentations in vocal and speech development in CP.

I look forward to supporting the analysis of your research proposal as co-author of the manuscript
resulting from this work. As discussed, we will meet monthly with Dr. Hustad during the data analysis
period of your proposal to conduct statistical analyses together. | will supervise your work during this
process and provide expert consultation on the data interpretation. My office is two doors down from
yours at the Waisman Center should you have any other statistical or data questions throughout the
duration of the project.

Respectfully,

DocuSigned by:

[t Mol 7
42CC8FE77A64421...

Tristan J. Mahr, PhD

Research Scientist |1

University of Wisconsin-Madison

Waisman Center, Room 465

Wisconsin Intelligibility, Speech, and Communication (WISC) Laboratory

1500 Highland Avenue

Madison, W1 53705

mahr@wisc.edu
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MENTOR LETTER OF COMMITMENT AND RECOMMENDATION
Primary Mentor: Katherine C. Hustad, PhD, CCC-SLP, Professor Communication Sciences and Disorders
Dear Colleagues,

| am delighted to offer my strongest support for Dr. Helen Long, who is applying for a TL1 Post Doctoral Fellow
position within UW’s Institute for Clinical and Translational Research (ICTR). | am very pleased to serve as Dr.
Long’s Mentor for the award period. In the letter below, | will elaborate on Dr. Long’s qualifications, her training
and career development, and my own experience with and commitment to mentoring.

Qualifications of the applicant:

Dr. Long is an ideal candidate for the ICTR TL1 postdoctoral training program. Dr. Long came to my laboratory
directly out of her doctoral program at the University of Memphis in spring of 2021. Dr. Long has identified a
critically important research direction; she is poised to tackle the problem of early identification of speech
deficits in infants who have or are at risk for cerebral palsy. Data suggest that 50% of children with CP have
dysarthria, but our current capabilities do not allow us to definitively differentiate those with dysarthria from
their peers without dysarthria until 4 years of age because of critical overlaps between developmental features
of speech, developmental speech delays, and clinical features of dysarthria. Because we currently cannot
identify dysarthria in children with CP (particularly those with mild or moderate dysarthria) until 4 years of age,
a critical window for speech intervention is missed for many children. The ability to identify biomarkers of
dysarthria during early vocal development would revolutionize speech treatment in children with CP and could
lead to a profound shift in quality of life and long-term outcomes for these children.

The study of early infant vocal development requires highly specialized training, which Dr. Long received from
the leading expert in this area, Dr. D. Kimbrough Oller, during her doctoral education. The research described
in this project builds upon Dr. Long’s expertise acquired during her doctoral program and extends it to the
study of children with CP (or at risk for CP). An additional year of training as outlined in this TL1 application will
extend Dr. Long'’s expertise to include quantitative methods of acoustic analysis under my primary advisement
and will position her as one of a very small number of highly specialized scientists in the world with the
necessary expertise to study early vocal development in infants at risk for motor speech disorders (secondary
to CP). Also, the ability to engage Dr. Kate Bunton from the University of Arizona as an external collaborator is
an exciting and unique opportunity for Dr. Long to build a skillset that will set her apart from other researchers
studying children with CP. | have a longstanding collegial relationship with Dr. Bunton, dating back to graduate
school in the 1990’s, and welcome the opportunity to engage her expertise in this project.

Dr. Long has an impressive track record of scholarly productivity to date. This can be seen in her first authored
papers as well as her co-authored papers. She is actively involved in the research community, attending
meetings, and presenting her work. In the 24 months that Dr. Long has been in my lab, she has been highly
motivated to learn new research methods and to publish her work. She has been an author on three published
papers from the lab (two first author) and has three additional papers (two as first author) that she is currently
writing. She has also submitted several papers from her doctoral work in Memphis during her post doc,
including a preliminary study on vocal development in CP that was independently initiated and led by Dr. Long.
In addition, Dr. Long has launched a new study using a larger sample of existing data from my lab that has not
yet been studied and is nearly finished with coding and analysis. Her ability to move projects forward is
impressive. She is very disciplined and diligent with all aspects of her research. Her ideas and her research
focus push the needle into new territory that has the potential to revolutionize the paradigm for early
identification of motor speech disorders. Her work has significant theoretical and clinical implications.





Dr. Long’s academic history encompasses broad based training in the field of speech language pathology.
She also holds clinical credentials as a speech language pathologist and has an extraordinarily strong
theoretical background focused on evolutionary developmental biology from her doctoral program. During her
time with me at the Waisman Center, her training has focused on clinical research and the study of
development of speech in children with cerebral palsy. The proposed additional period of intensive
postdoctoral training focused on instrumental acoustics in infant vocal development will ensure that she is
ideally positioned to launch an independent research career. Furthermore, her proposed training in
translational methods will further extend her line of research to directly impact children with CP.

Training and career development:

Dr. Long is uniqguely positioned to build her research career in the early detection of speech impairments in
infants with and at risk for CP _and other neurodevelopmental disabilities. Throughout her research
experiences, Dr. Long has primarily utilized perceptual, observational research methods. Although these
methods are considered the gold-standard approach for coding and analysis in the field of infant vocal
development, Dr. Long and | have agreed that expanding her methodological toolkit is critical to developing her
programmatic line of research. The research and training proposed through this award will expand Dr. Long’s
expertise in instrumental acoustic analyses and will tie acoustic results to perceptual findings using traditional
coding of infant vocalizations. This training will provide the necessary experience required to support a more
comprehensive approach to characterizing vocal development and will have implications for clinical
measurement for early identification of later speech deficits.

| am well positioned to remain as her postdoctoral mentor during this period. As it relates to her first training
goal in acoustic analysis and theoretical models, | have significant experience studying acoustic parameters of
disordered speech in older children and adults with CP and have published at least 10 papers using acoustic
methods (primarily temporal). During her first 2 years of training with me, Dr. Long has not yet sought training
in acoustic analysis, as her focus was on acquiring knowledge and skills related specifically to cerebral palsy.
Because of her expertise in spectral measures of speech in younger children, Dr. Long and | reached out to Dr.
Kate Bunton as a collaborator to support training in this area. Dr. Bunton has extensive research experience in
the acoustic, aerodynamic, and articulatory study of vocal production in infants as young as 4 months of age.
Together, our combined contributions will directly support Dr. Long’s development of expertise in using
instrumental acoustic analysis of infant vocalizations to identify risk of speech impairment.

To support Dr. Long’s training in developmental acoustic methods, the following activities will occur during the

proposed project:

e Dr. Long will meet with myself for one-on-one meetings weekly, and Dr. Bunton monthly for small-
group meetings to discuss her training and review ongoing progress for acoustic extraction and analysis. |
will also remain available as needed to support troubleshooting and answer any questions related to Dr.
Long’s learning of acoustic methods. | will meet weekly with Dr. Long to discuss ongoing project logistics.
Our small-group meetings with Dr. Bunton will occur via zoom monthly for training in the infant acoustics
domain and to support ongoing logistics to ensure successful completion of the proposed project.

e Dr.Long and | will attend and present at the Motor Speech Conference together. This conference is
highly regarded in the motor speech community and will further enrich Dr. Long’s training in cutting edge
acoustical research and theoretical frameworks for speech motor control. | will encourage Dr. Long to
present her research related to this proposal at this conference and we will attend seminars together to
discuss the relationship between these seminars and this project in our one-on-one meetings.

Another component of Dr. Long’s training is to learn statistical modeling of predictors and outcomes. This goal
will be equally supported by myself and Dr. Tristan Mahr, a full-time data scientist in my laboratory. Dr. Mahr is
well qualified to provide guidance to Dr. Long regarding data science methods as well as the proposed
statistical analyses. He has extensive experience and an outstanding publication history on a dozen papers
using advanced statistical modeling methods. He is well versed in using all relevant software, including R and
R Studio. | have worked closely with Dr. Mahr as a colleague and collaborator for the past 4 years; together,
we have a well-established research paradigm. Dr. Long will benefit not only from learning under Dr. Mahr’s
tutelage, but also from participation in the scholarly process between Dr. Mahr as a data scientist and myself
as a content expert. This opportunity will be particularly unique because Dr. Long will bring her own acoustic
data extracted from the existing database of recordings to the interaction.






To support Dr. Long'’s training in statistical modeling, the following activities will occur during the proposed

project:

o Dr. Long will meet with myself and Dr. Mahr for weekly statistical consultation and guidance to
support her training to conduct the statistical analyses described in her proposal, with particular focus on
Aim 2 to conduct cluster analyses. Specifically, Dr. Mahr will meet with us weekly during the data analysis
period of the timeline (last 6 months) to support her analyses, interpretations of findings, and manuscript
writing. This will not be the only time in which the three of us will interact. We will also continue to meet
weekly for large-group laboratory meetings throughout the proposed project period. This time can be used
for ongoing logistical planning as it arises prior to the analysis period of the proposal.

Each of these goals directly relates to Dr. Long’s career goals. Specifically, training in acoustic analysis and
theoretical frameworks will expand her methodological toolkit to study vocal biomarkers of speech impairment
in CP. Training in acoustic methods also supports her long-term goal to develop and validate diagnostic tools
for speech and communication impairments in CP and other neurodevelopmental disabilities. Automated vocal
analysis is increasingly used for dense sampling of vocalizations in all-day recordings to identify risk of
impairment. These methods of analysis require computational acoustic extraction analysis, which Dr. Long will
learn through this TL1 post doc. Given Dr. Long’s interest in early detection, it is critical to continue to develop
Dr. Long’s expertise in statistical modeling of developmental trajectories.

Dr. Long has also outlined several workshops, trainings, and courses to support her ongoing training needs in
clinical and translational research. She will independently participate in these activities to gain knowledge for 1)
developing conceptual knowledge across topics in clinical and translational research, 2) conducting
responsible and ethical research, 3) enhancing her mentorship skills, and refining her grant skills. During our
weekly 1:1 meetings, Dr. Long and | will discuss her learning across these activities and how this
information can be applied in laboratory, classroom, and community settings. Through successful
completion of this research and career training plan, Dr. Long will be well prepared to conduct rigorous
research, develop an independent laboratory, and launch her research career in the early detection of speech
and communication impairments in CP and other neurodevelopmental disabilities.

Mentor commitment:

| will serve as Dr. Long’s Primary Mentor throughout the 12-month duration of the proposed project period. Dr.
Long’s mentorship team will also include two significant contributing consultants: Dr. Kate Bunton, University of
Arizona, to support her training in instrumental acoustic analysis, and Dr. Tristan Mahr, Waisman Center, to
support her training in statistical modeling. | will support all aspects of Dr. Long’s research and professional
development training goals as described in this document and throughout her proposal. All members of this
training plan will meet regularly as described across the project period to maintain consistent communication
regarding Dr. Long’s training efforts and to support the research conducted under this proposal.

I am committed to having weekly individual and groups meetings with Dr. Long as part of this award. We will
meet face to face, and she already has an office and a computer workstation in my laboratory, which is located
adjacent to my office on the 4" floor of the Waisman Center. Dr. Long will have access to all of the resources
of my laboratory, staff, and the RO1 grants that support it. Of particular note is that my laboratory has collected
the largest, longitudinal recording database in the world of infants at risk for CP. We have followed ~50 infants
prospectively identified for a risk of CP based on their birth history since 2018, outside of the database of >100
children across 20 years. Dr. Long’s proposed project includes 23 children from this dataset who have
naturalistic, parent-child recordings available for analysis around 12 months of age. Dr. Long’s work differs
from my own in that she is interested in the development of pre-linguistic vocal behaviors (i.e., babbling) under
24 months, whereas my work has focused on linguistic vocal behaviors that begin with the onset of words and
the development of intelligible speech, which can only be studied at speaking ages. Together, our interests
dovetail nicely, with some areas of overlap but also very clear differences.

I will work with Dr. Long to support her data reduction and analyses, to develop manuscripts for dissemination,
and to begin to develop an early career K or R award. | will also work with her as she begins to navigate the
academic job market throughout the project period, providing mentorship as needed for preparing a job talk,
negotiating on the job market, setting up a laboratory, and mentoring students. | am committed to attending





the ICTR TL1 post doc biannual scholar/mentor meetings, participating in mentor training activities, and taking
partin TL1 mock reviews and monthly seminars. If Dr. Long is awarded a position in the TL1 post doc
program, | will ensure that the ICTR grant is cited on her work.

Mentoring experience:

My laboratory has served as a training environment for seven predoctoral and four postdoctoral researchers
studying speech, language, and communication development in individuals with CP across childhood. These
trainees have developed outstanding clinical research and translational skills in my laboratory and in the rich
multidisciplinary intellectual environment of the Waisman Center. Four of these trainees have successfully
transitioned into research faculty positions at universities around the country with high or very high research
activity. | regularly devote a significant portion of my time to interact with my trainees during one-on-one, small
group, and laboratory meetings to support their research, manuscript writing, grant writing, and professional
development. To date, one previous predoctoral trainees has received an F31; three others have received
highly competitive internal grant awards. All of my trainees have exceeded their training goals and have
developed into productive independent investigators. Previous trainees from my laboratory are listed below:

Name Years in lab Present employer Present Title
Jimin Lee 2005-2010 Penn State University Associate Professor
Amy Delaney 2005-2010 Marguette University Assistant Professor
Kristen Allison 2011-2015 Northeastern University Assistant Professor
Ashlyn Smith 2012-2014 Special Olympics, Washington DC [E)lrector of Research and

valuation
Meghan Darling- | 5413 5015 University of Arizona Assistant Professor

White
Emily McFadd 2010-2017

California State University, Los Angeles; | Lecturer; speech-language
University of California Los Angeles pathologist

Previous formal mentor training:

I have been actively engaged with mentoring at all levels from undergraduate students to early career junior
faculty members. | am a primary mentor for four Assistant Professors at UW, and also work closely as a peer
mentor with junior faculty (primarily women) in my field at several universities in the US, and one in Australia. |
am deeply commitment to supporting the career development of the next generation of scholars. Mentorship is
a critically important means to advance the research base for early career scholars.

I have not engaged in previous formal mentor training but have noted UW’s Advancing Research Mentoring
Practice Workshop with a great deal of interest. | intend to participate in this but was not available during the
offered time windows for 2023. The importance of formal mentor training has been a topic of discussion within
my home department, Communication Sciences and Disorders, for some time. | look forward to engaging in
the opportunities to advance my mentoring in the near future.

In summary, | believe that Helen Long is an ideal candidate for ICTR’s TL1 post doc award. She has
outstanding research skills and a critically important research agenda that has the potential to change how we
identify dysarthria in children with CP and in turn improve quality of life for these children. | believe that she will
be a leader in the field and that this award will be the final training that she needs to begin a research career.

It is an honor and a pleasure to mentor her and | will do everything | can to ensure that she is able to advance
this critical line of research.

Sincerely,

DocuSigned by:

{zaf‘u,vim H’MSILML

213E6A821C8F43D...

Katherine Hustad, Ph.D.

Professor, Department of Communication Sciences and Disorders
Investigator, Waisman Center

University of Wisconsin - Madison
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REGULATORY AND COMPLIANCE APPROVALS: NIH HUMAN SUBJECTS SECTIONS

INCLUSION OF WOMEN AND MINORITIES

Distribution of Subjects.

The proposed research will involve the use of existing datasets that were previously approved by human
subjects’ committees and funded by federal grants at the Waisman Center of the University of Wisconsin-
Madison. Families were recruited to participate through the Waisman Center clinics and regional birth-to-three
programs in Madison, Wisconsin, as well as social media outlets and word of mouth.

o Women: All caregivers who participated in the laboratory recordings were female. One father participated
as a triad with the mother and child. Our study includes 23 infants at risk for CP between 11-14 months of
age. This sample includes 11 females and 12 males. No infants were excluded from participating based on
sex.

e Minorities: The patrticipant ethnicity demographics were consistent with those of the Madison, Wisconsin
areas (15 white, 5 more than one race, 3 not reported). No infants or families were excluded on the basis of
racial/ethnic group membership.

Rationale for Selection.
All efforts were made to originally enroll an equal number of male and female infants and those from diverse
racial/ethnic groups across the various recruitment methods.

Proposed Outreach Programs.
No proposed outreach programs are included in this project, as it draws from existing datasets.

Included and Excluded Groups.
There were no race or ethnicity exclusions for the study.

e Inclusion criteria: The inclusion criteria for the larger longitudinal study required that infants: 1) have motor
delay or a medical diagnosis related to birth complications associated with CP, 2) have hearing within
normal limits per parent report, and 3) be from a monolingual English-speaking home.

e Exclusion criteria: Infants who did not have motor delay or a diagnosis related to CP were excluded.
Children with a medically diagnosed hearing loss were also excluded as a known confound in the study of
vocal development.

INCLUSION OF CHILDREN AND INDIVIDUALS ACROSS THE LIFESPAN

Existing Datasets or Resources.

The proposed project includes existing data previously collected from 23 infants at risk for cerebral palsy (CP)
between 11-14 months of age and their caregivers. This child age range was selected because previous
research has suggested that prelinguistic vocal development is likely to occur in typical infants between 0-12
months, prior to the onset of first words. Infants at risk for developmental disabilities are likely to show delays in
the emergence of prelinguistic vocal stages; thus, we seek to understand prelinguistic vocal performance at the
latest possible age of typical infant development. The analysis of vocal behaviors during recordings of parent-
infant interactions is critical to mimic the kinds of naturalistic interactions during which infants are likely to
produce their most speech-like vocalizations.

Existing speech outcome data collected around 36 months of age is also available for analysis from all 23
infants. Speech outcome data collected in toddlerhood is critical to frame our prelinguistic vocal behavioral
findings against developmental outcomes at an older time point. The approximate 36-month time point was
selected as an approximate age when typical children are likely to be combining intelligible phrases of speech.
This age is also the latest possible time point at which we have available data for inclusion in this study.
Caregiver ages will vary.





RECRUITMENT AND RETENTION

The study uses data from an existing cohort; therefore, no recruitment and retention plans are required.

PROTECTION OF HUMAN SUBJECTS

1. RISKS TO HUMAN SUBJECTS

a) Human Subjects Involvement, Characteristics, and Design

Overall study design: The data to be used in the proposed project is a secondary dataset collected as part of a
larger, longitudinal study on communication development in cerebral palsy (CP). All recording data is housed in
a secure server at the Waisman Center. Audio recordings of parent-infant interactions (mean: ~12 minutes)
collected during laboratory visits will be used for analysis. Perceptual vocal coding and instrumental acoustic
data extraction and analysis will be conducted using these recordings. Speech outcome data will be derived
from ~36-month data of all 23 infants. Analyses will be conducted by the PI, student coder, and the mentorship
team, all of whom have active HIPAA and CITI certification training.

Subject population: The study will include data from 23 infants between 11-14 months of age (~12 months)
previously recruited for a risk of CP based on birth history.

Collaborating sites: All data was collected at the Waisman Center at the University of Wisconsin-Madison in
Madison, WI. No collaborating sites participated in this longitudinal study.

b) Study Procedures, Materials, and Potential Risks

Planned research procedures: During prior participation, parents brought their infants to the laboratory to the
Waisman Center for approximately 1-to-1.5-hour visits for data collection. Digital audio/video recordings were
collected during these sessions. Audio of previously collected parent-infant interactions of the 23 infants will be
analyzed using perceptual and acoustic methods. Speech outcomes will be identified using the most recent
laboratory visits using clinical judgment by a certified speech-language pathologist.

Previously collected data sources: Data previously collected from an ongoing NIH-funded project (RO1
DCO01653; PI: Hustad) will be used in this project. Included research material has already been obtained from
infants at risk for CP, including recording audio of parent-infant interactions at the ~12 month and outcome
time points. Identification numbers are already assigned to each infant which will be used to link infant data at
all times of coding and analysis. Only the Pl and laboratory research team members who have an explicit need
to know the linkages between names and code numbers have access to this information.

Potential risks to subjects: There are no foreseeable risks associated with previous participation in this study.
There are no known reports from families regarding damaging effects to their physical or emotional state
because of their participation in this longitudinal study.

Alternative treatments and procedures: There are no alternative treatments or procedures involved in the
present study because these data have already been collected.

2. ADEQUACY OF PROTECTION AGAINST RISKS

a) Informed Consent and Assent

Process for obtaining informed consent: Data from the included sample of infants has already been collected.
During previous participation, all caregivers were given a thorough, verbal description of the goals of the
longitudinal study, participation involvement, and tasks to be completed at laboratory visits. Caregivers
provided written consent and ongoing assent for their infant to participate.

Waivers: No waivers of informed consent were used to collect data from participants.





b) Protections Against Risk

Planned strategies for protecting against risks: Risks to subject confidentiality are minimized by adopting
suitable data storage procedures. All audio files and coded data are labeled with the infant identification
numbers so that no identifying information is available during coding or analysis. The linkage between these
numbers and identifying information for all infants is kept in a secure online database and in a locked file
cabinet within a locked room in a different location from audio files. Digital audio recordings are maintained in a
secure laboratory server. Access to all online media is password protected using duo-authentication methods
and restricted to only those individuals working on the research project. No identifying information regarding
the identity of speakers will accompany any data reported from this project. Using these procedures, all
reasonable precautions are taken to minimize linking any PHI to the research data.

Plans for ensuring intervention in the event of adverse effects: Because our project draws on existing
databases of recordings, no adverse effects are anticipated.

Plans for handling incidental findings: Because our project draws on existing databases of recordings, no
incidental findings are anticipated. Laboratory assistants and managers were present for the laboratory visit to
discuss and manage incidental findings as they occurred in real time (e.g., suggesting referrals to appropriate
medical providers).

c) Vulnerable Populations

Rationale for the involvement of infants: The proposed project involves vulnerable populations, specifically
infants at risk for a developmental disability (CP). During their participation, all guidelines were followed to
meet HHS regulatory requirements for parental permission and child assent (45 CFR 46.408) as described
above and hereafter. IRB approval was received with annual review conducted throughout the duration of
human subject participation. Parental informed consent was obtained by caregivers or legal guardians.
Although infants were too young to formally obtain assent, infants’ demeanor and activity levels were
monitored during laboratory sessions to ensure comfort for continued participation. Breaks were provided as
needed per parental request or infant discomfort.

3. POTENTIAL BENEFITS OF THE PROPOSED RESEARCH TO PARTICIPANTS AND OTHERS

Potential benefits of the research: Families received summary statements after each laboratory visit that
provided information about their infant’s performance in the laboratory tasks and speech and language
development. Data and information collected from participants is used to conduct research studies and
disseminate knowledge to improve our understanding of speech, language, and communication development
and CP in children.

Reasonable risks to participant benefits: The risks to participants are negligible in relation to the anticipated
benefits because data have already been collected, and risks during the time of participation were minimal.
The potential benefits to families are outweighed by the minimal risks involved.

4. IMPORTANCE OF THE KNOWLEDGE TO BE GAINED

Importance of knowledge gained from the proposed research: This project is expected to make significant
contributions to our understanding of vocal biomarkers for speech impairment in CP. The inclusion of infants at
risk for CP can lay foundations for more precise differential diagnosis of later speech impairment. The
proposed project is expected to add to the existing literature on how infants with neurological damage gain
control of the capacity to vocalize and develop speech. We expect that knowledge and dissemination of
research completed under this proposal will inform our understanding of early identification for communication
disorders.

Reasonable risks to knowledge importance: The potential benefits to the contributions to scientific research in
developmental disabilities are outweighed by the minimal risks involved.
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March 25, 2023

Institute for Clinical and Translational Research
4240 Health Sciences Learning Center,
750 Highland Avenue Madison, WI 53705

To the Directors of the ICTR TL1 Postdoctoral Training Program:

| am writing this letter in support of Dr. Helen Long for the TL1 postdoctoral training program. As a T32
postdoctoral trainee in our department since 2021, Dr. Long has demonstrated a strong commitment
to her clinical research examining vocal biomarkers of speech impairment in cerebral palsy.

| can ensure that Dr. Long will have 100% protected time during the TL1 training period to conduct her
research as described in her proposal and to participate in all TL1 programmatic activities. | can
confirm that Dr. Long has the necessary support and resources from her mentor, Dr. Hustad, and a
dedicated, shared office space in the Waisman Center to conduct her research. Dr. Long will not
participate in any clinical activities at the Waisman Center during the proposed period of TL1
postdoctoral training.

| can also attest to Dr. Long's potential for a faculty position at UW-Madison or an equivalent institution
upon completion of her TL1 postdoctoral appointment. Her contributions to Dr. Hustad's research
projects have been outstanding and demonstrate the capacity for conducting independent research.
In the two years since beginning her T32 appointment at the Waisman Center, she has published
three first-authored manuscripts and two co-authored manuscripts. She has also regularly presented
her research at five conferences. She was awarded an NIH Loan Repayment Program award and a
New Investigators Research Grant from the American-Speech-Language Hearing-Foundation. These
accomplishments are a testament to her productivity, skills, and expertise.

The Waisman Center is committed to supporting Dr. Long's career development. She may continue
to participate in the Waisman Center Ethics and Professional Development Seminar (twice-monthly,
Waisman faculty-led) throughout the course of the proposed training plan. Finally, | can assure you
that Dr. Hustad supports Dr. Long's Career Development and Training Plan. As her primary mentor,
Dr. Hustad has worked closely with Dr. Long to develop a comprehensive plan that aligns with the
goals of the TL1 training program. Dr. Hustad has committed to providing the necessary mentorship
and conference funding support during the TL1 postdoctoral appointment period.

In summary, | wholeheartedly support Dr. Long 's application for the TL1 postdoctoral appointment in
the ICTR TL1 postdoctoral training program. | am confident that Dr. Long has the potential to make
significant contributions to her area of clinical research and to become a highly productive, outstanding
independent investigator. If you have any questions, please do not hesitate to contact me.

Sincerely,

Qiang Chang, PhD
Professor of Medical Genetics and Neurology
Director, Waisman Center

Advancing knowledge of human development, developmental disabilities and neurodegenerative diseases
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You are not required to disclose this information; however, you are strongly encouraged to do so,
because your responses will help the KL2 Program support an inclusive learning environment and meet
federal reporting requirements.

Gender Identity:

@ Woman

DMan

[ ] Please specify

Race/Ethnicity (based on NIH criteria, individuals from racial and ethnic groups that
have been shown by the National Science Foundation to be underrepresented in health-
related sciences on a national basis:

Are you of Hispanic or Latino origin? [ | Yes [l No
If yes, choose one or more from the following:
[ | Cuban
D Puerto Rican
D Mexican, Mexican-American, or Chicano
[ | Other Hispanic/Latino
Racial background (choose all that apply)
African American or Black
American Indian or Alaskan Native
Native Hawaiian or Other Pacific Islander
Cambodian

Hmong

HiNnnn.

Laotian





Institute for Clinical and

Translational Research
UNIVERSITY OF WISCONSIN-MADISON

D Vietnamese
D Other Asian

W White

Are you of disadvantaged backgrounds, defined as those who meet two or more of the
following criteria:

D 1.Were or currently are homeless, as defined by the McKinney-Vento Homeless
Assistance Act (Definition: hitps://nche.ed.gov/mckinney-vento/);

2.Were or currently are in the foster care system, as defined by the Administration
D for Children and Families (Definition: https://www.acf.hhs.gov/cb/focus-
areas/foster-care);

3.Were eligible for the Federal Free and Reduced Lunch Program for two or more
years (Definition: https://www.fns.usda.gov/school-meals/income-eligibility-

guidelines);

D 4.Have/had no parents or legal guardians who completed a bachelor’s degree (see
https://nces.ed.gov/pubs2018/2018009.pdf);

D 5.Were or currently are eligible for Federal Pell grants (Definition:
https://www2.ed.gov/programs/fpg/eligibility.html);

D 6.Received support from the Special Supplemental Nutrition Program for Women,
Infants and Children (WIC) as a parent or child (Definition:
https://www.fns.usda.gov/wic/wic-eligibility-requirements).

D 7.Grew up in one of the following areas: a) a U.S. rural area, as designated by the
Health Resources and Services Administration (HRSA) Rural Health Grants
Eligibility Analyzer (https://data.hrsa.gov/tools/rural-health), or b)a Centers for
Medicare and Medicaid Services-designated Low-Income and Health
Professional Shortage Areas (qualifying zipcodes are included in the file). Only
one of the two possibilities in #7 can be used as a criterion for the disadvantaged
background definition.

Do you have a disability as defined by the Americans with Disabilities Act (ADA)?

D Yes
W No

D | choose not to respond
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integrity and accuracy of this application.

Full Name
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RESEARCH PLAN
Specific Aims

Speech motor impairments negatively impact communication effectiveness in as many as 80% of children with
cerebral palsy (CP).! Specifically, the speech of children with CP can be slow or difficult to understand.? This
can have deleterious effects on their participation in activities resulting in social exclusion, bullying, isolation,
and loneliness.®* However, speech impairments are often not diagnosed until 4 years of age in this population
because of overlapping speech characteristics of speech impairment and developmental immaturity.>’ This
critically impacts speech-language pathologists’ (SLP) ability to accurately make a diagnosis and prognosis of
speech impairment at younger ages. Recent research from the laboratory of Dr. Katherine Hustad (Primary
Mentor) has worked to address this gap, showing that speech performance at 2 years is highly predictive of
later communication outcomes at 5 and 8 years in children with CP.2-%° However, there is a paucity of research
examining speech or pre-speech development in children with CP under 2 years of age.

My doctoral training provided a unique opportunity to study and develop foundational knowledge in typical and
atypical developmental trajectories of infant vocal production as young as 6 months of age.'*-** In the first two
years of my postdoctoral training in Dr. Hustad’s laboratory, | studied the longitudinal trajectory of speech
development in children with CP starting at 4 years.>'¢ | have also conducted preliminary work examining
early vocal production of infants at risk for CP.*"*® Through this work, we observed delays in the emergence of
syllables with well-formed consonantal characteristics using perceptual coding measures. This may
demonstrate early evidence of dysarthria and reduced speech intelligibility; however, additional research is
necessary to confirm. From these experiences, | am uniquely suited to develop my independent line of
research examining vocal biomarkers of speech impairment in infants at risk for CP. A third year of
postdoctoral training and mentorship is critical to 1) learn recently advanced acoustic methodologies under the
advisement of my expert team of mentors in acoustic and statistical methods—Dr. Hustad (Primary Mentor)
and consultants Drs. Bunton and Mahr—and 2) expand the long-term translational nature of my research.

My research to-date in this area has used perceptual, human listener judgment of infant vocal categories to
study features predictive of speech impairment. This method is time and cost intensive—requiring hours of
student training and coding across many recordings—and involves subjective judgments of individual
vocalizations.® With the dawn of speech detection technologies and advancements in the automatic detection
of child vocalizations using dense sampling of all-day recordings,?*?* we have identified an untapped avenue of
research to study acoustic variables of infant vocalizations in infants at risk for CP. The present study will
provide preliminary data necessary to launch future projects to develop diagnostic tools and automated
detection technologies using acoustic information.

The proposed 1-year project meets criteria for the T1 classification on the translational research continuum to
move fundamental discovery into health applications. This project will use an existing longitudinal dataset of 23
infants at risk for CP. Perceptual and acoustic measures of infant vocalizations will be derived from laboratory
recordings at 12 months. Speech outcomes will be classified from data collected around ~36 months.

Aim 1. Compare perceptual and acoustic measures across speech outcomes in CP. Four perceptual
measures and three acoustic measures will be used to conduct pairwise comparisons across two outcome
groups: Speech motor impairment (SMI) and no speech motor impairment (NSMI). We predict that the SMI
group will have perceptual and acoustic values representative of developmentally less complex vocalizations
compared to the NSMI group. These data will quantify the extent to which individual variables have the
potential to be used as standalone predictors of speech outcomes in CP.

Aim 1 Specific Objective: Test the hypothesis that individual perceptual and acoustic measures can predict
speech impairment in young children with CP.

Aim 2. Identify acoustic and perceptual predictors of speech outcomes in CP. Perceptual and acoustic
variables will be included in a set of statistical models to determine the extent to which a combination of
acoustic and perceptual variables predict speech outcome groups using principal components analysis. We
predict that the quantitative acoustic measures will explain a greater percentage of the variance than subjective
perceptual measures. Research from this aim seeks to identify the best combination of measures to support
the early prediction of speech impairment in CP.

Aim 2 Specific Objective: Challenge the existing paradigm of perceptual, human listener vocal coding
methods and determine the extent to which acoustic variables can predict speech motor impairment.






Results from this project will provide preliminary data for future grants aiming to identify vocal biomarkers of
speech impairment. This preliminary project is required prior to the development of clinically translatable tools
to improve early detection. My programmatic line of research will directly work to develop clinical diagnostic
and intervention planning to support communication outcomes in children with CP.

Significance

The uncertainty of the prognosis for speech and communication development in children with CP under 24
months can lead to a delay of speech referrals and treatment to support alternative and augmentative
communication (AAC).?? The “wait-and-see” approach not only creates false hope for parents, but it can
negatively impact long-term communication outcomes in children if early intervention is not initiated.? It is
critical to expand the study of early vocal and speech development in children with CP to ages under 24
months to identify vocal biomarkers of speech impairment severity given the heterogeneous nature of this
diagnosis. Identifying biomarkers for speech impairment is critical to encourage early referrals to SLP to
introduce AAC at younger ages for better communication outcomes in this population.

My early postdoctoral work has revealed preliminary evidence of anomalous vocal patterns in infants with CP
using perceptual methods of vocal coding.'”*® Studies using these methods are well-documented as
repeatedly demonstrating vocal developmental delays in infants with later-detected communication
disorders;**?> however, perceptual coding of individual infant vocalizations is cost and time intensive.*®
Instrumental acoustic analysis has great potential to drive automated sampling of infant vocalizations. The
proposed project will provide direct training to conduct instrumental acoustic analysis to support future
development of automated detection tools using acoustic parameters. Instrumental acoustic analysis has yet to
be used to study vocal production in CP and can directly support a more quantitative analysis of vocal
production in this and other neurological clinical populations, compared to subjective perceptual coding. This
work is critical to advance automated technologies that can detect a risk or presence of speech impairment.
The proposed project will provide critical data to support future grant applications aiming to develop clinically
translatable tools to improve the diagnosis and prognosis of speech impairments in young children with CP.

Innovation

With the dawn of new automated technologies built to analyze speech production, the importance of
incorporating acoustic measures into our assessment of vocal biomarkers of impairment is at an all-time
high.2%:2627 The completion of this project and the knowledge gained from a multi-measure approach examining
a mix of perceptual and acoustic methods will directly drive translational research to improve the early
detection of speech impairment in CP. Specifically, validating acoustic analysis against perceptual measures
can inform the future development of automated methods to detect vocal patterns associated with later speech
impairment. Additionally, comparing perceptual and acoustic measures can provide quantitative validation for
clinical tools utilizing listener-judgment or parent-report measures to screen for speech impairment in CP in
clinical or home settings. Dr. Hustad’s (Primary Mentor) line of research has examined speech developmental
trajectories in children with CP as young as two years of age. My doctoral training has provided unigue training
to study early vocal behaviors in infancy, prior to the onset of mature speech; thus, our programmatic lines of
research are fundamentally different. The planned work has direct clinical implications to support diagnostic
and early intervention treatment planning for improving communication outcomes in this population.

Approach

The proposed project will accomplish two objectives: 1) test the hypothesis that individual perceptual and
acoustic measures can predict speech impairment in young children with CP, and 2) challenge the existing
paradigm of perceptual, human listener vocal coding methods and determine the extent to which acoustic
variables predict speech motor impairment. We will use laboratory-based parent-infant (P-1) recordings of 23
infants around 12 months of age already available for immediate analysis. Speech outcomes will be classified
based on the ~36-month data of the same children. The first objective will involve pairwise comparisons of four
perceptual and three acoustic measures between the two outcome groups. The second objective will involve
statistical modeling of all variables to identify the best combination of predictors for later outcomes.

Recording dataset. Twenty-three infants at risk for CP (M=12 mo, SD=1) will be included in the proposed
project; data are already available and ready for analysis. Infants were recruited from local and regional
medical centers through the UW-Madison Waisman Center to participate in a longitudinal project of the
emergence and acquisition of language and speech in CP (R01DC009411, PI: Hustad). My Specific Aims have






not been previously studied with these data. CP risk status was based on medical records and birth history.
High quality video recordings of naturalistic P-I interactions were previously collected during laboratory visits
(M=12 mins). During these sessions, parents engaged with their infant naturalistically. The perceptual and
acoustic measures will be derived from infant vocalizations produced during these recordings.

Speech outcome data. Speech outcomes [ Table 1. Speech motor impairment (SMI) outcomes at 36 months
around ~36 months of age are available Category Description

for each of the 23 infants. Outcomes will No speech motor impairment observed as indicated by
be measured using clinical judgment by a NSMI  mandibular/labial facial control, lingual control, and
research SLP in Dr. Hustad’s laboratory oromotor integrity. Speech intelligibility is 25% or greater.
(Table 1). Clinical judgment will involve 1) Speech motor impairment observed as indicated by
observation of the verbal motor production, SMI reduced mandibular/labial facial control, lingual control, or
and 2) calculation of speech intelligibility oromotor integrity. Speech intelligibility is <25%.

by orthographic transcription. Previous research has indicated that children with CP with at least 25%

intelligibility between 24-36 months may be more likely to develop functional speech, thus, a 25% criterion will

be implemented as part of the judgment for outcome classification.?®

Perceptual measures. Four syllable categories will | Table 2. Syllable categories by type and formedness

be used for subjective perceptual coding of Vowel type CV type
vocalizations in each recording (Table 2). These Quasivowel (QV): Marginal syllable (MB):
categories are well-established in the literature on Vowel-like sounds with a Consonant-like element

infant vocal development.2® | am experienced in this quasi-resonant nucleus with a  with slow formant transition

method of coding and have one undergraduate closed vocal tract at rest to vocalic nucleus

student coder trained to conduct perceptual coding.
We will use the Action Analysis and Coding Training
(AACT)® software to categorize infant vocalizations with an open vocal tract to vocalic nucleus

Full vowel (FV): Canonical syllable (CB):
Vowel sound with a fully Consonantal element with
resonant nucleus produced  adult-like formant transition

using these categories. This program is already

installed on our laboratory computers. The total count of each category will be calculated from each recording.

Acoustic measures. Three well-validated, quantitative acoustic measures (described below) were selected

based on recent work to provide a comprehensive profile of baseline pediatric acoustic modifications.®! These

measures will be obtained from the perceptually coded vocalizations. Vocalizations with overlapping caregiver

speech will be excluded. | will write and run customized Matlab®? scripts to perform acoustic analyses with
supervised mentorship and support from Dr. Hustad and our acoustic consultant, Dr. Kate Bunton.

a. Voice range density: Voice range
density will be examined as a
metric for articulatory range of

Figl. Normalized vocal range profiles for QV and FV syllables of one infant
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0.25 units. This area will be used as the quantitative measure of voice range density. A smaller voice range
density corresponds to greater control over the production of well-formed syllables. This is evidenced by
the smaller Area for FV than QV in the preliminary VRDn plots for one child (Fig 1). Broadly, we predict
smaller Areas across all 4 perceptual categories for the NSMI group than SMI group.

Periodicity: Periodicity will be examined as a metric of voice quality using the cepstral peak prominence
(CPPS), expressed in decibels (dB). A smoothed CPPS will be calculated by measuring the difference
between the peak amplitude value and the smoothed spectrum at the same frequency. A high CPPS value
indicates energy in the harmonic components and a clear voicing. Conversely, a low CPPS value would
indicate the presence of a significant aperiodic spectral component, corresponding to a breathy or rough
voice. Breathy and harsh voicing are characteristic features of dysarthria in older children and adults, thus,
low CPPS values may be a potential biomarker of SMI in our sample.3

Normalized SPL (dB)
Density
Normalized SPL (dB)






c. Harmonicity: Vocal harmonicity indicates how smooth or clear the voice signal sounds. We will measure
spectral flatness of the voice signal using Weiner entropy. With Wiener entropy, we will calculate values of
the power spectrum for different frequencies. Vocalizations with entropy values close to zero would
correspond to less complex syllable types (QV and MB syllables), while more negative values would
correspond to more complex syllable types (FV and CB syllables). Dysarthria is associated with reduced
articulatory capacity to produce well-formed speech sounds; thus, we predict that the SMI group will
demonstrate entropy values closer to zero (indicative of less complex types) than the NSMI group.

Aim 1: Compare perceptual and acoustic measures across speech outcomes in CP

Objective: We will test the hypothesis that individual perceptual and acoustic measures can predict speech
impairment in young children with CP. We predict that the SMI group will show perceptual and acoustic values
representative of developmentally less complex syllable types. Conversely, the NSMI group will demonstrate
values representative of developmentally more complex syllable types across measures, potentially indicative
of later positive speech outcomes.

Method & analysis plan. Reliability will be conducted for 20% of recordings for perceptual coding measures.
The 23 included children will be grouped by speech outcome at 36 months: NSMI or SMI. Group-level
differences will be compared within the four perceptual coding variables (QV, FV, MB, CB) and three acoustic
variables (VRDn, CPPS, wiener entropy).We will conduct a series of pairwise t-tests comparing variables
between each group, using familywise corrections for variables within each perceptual and acoustic category.
These analyses will be used to determine whether any strongly significant differences emerge that have the
potential to be used as standalone variables. These analyses will be conducted with guidance from the
statistical consultant, Dr. Mahr (dedicated data scientist of Dr. Hustad’s laboratory), and the mentorship team.
Potential problems & alternative strategies. Although we expect to see values representative of more
developmentally complex vocalizations in the NSMI group, it is possible that we will see no significant
differences between the two groups. If this occurs, we will use a multivariate approach to assess how the
means and correlations among perceptual and acoustic variables differ between groups. Aims 1 and 2 are
independent; however, these data can be used to support the interpretation of Aim 2 analyses.

Expected contributions of Aim 1. Highly significant variables identified in Aim 1 will be studied in longitudinal
work to compare their developmental trajectories to typically developing controls across the first year of life.

Aim 2: Quantify the predictive nature of perceptual and acoustic measures on speech outcomes in CP
Objective: Challenge the existing paradigm of perceptual, human listener vocal coding methodologies and
determine the extent to which acoustic variables predict speech outcomes in CP. We will model the best
combination of predictors against outcome data. We predict that the quantitative acoustic measures will explain
a higher percentage of variance than subjective perceptual measures.

Method & Analysis plan. We will run a set of statistical models to determine the presence of any highly
significant correlations between the four perceptual and three acoustic predictor variables. We will use principal
components analysis to combine the information from the correlated variables to conduct a cluster analysis of
composite perceptual or acoustic predictors. After reducing these data as appropriate, we will fit a series of
logistic regression models to evaluate the strongest combination of predictors among the perceptual and
acoustic measures, to determine whether they jointly predict outcomes. These analyses will be conducted with
guidance from Dr. Mahr and the mentorship team.

Potential problems & alternative strategies. Should any problems arise with the Aim 2 analysis plan, we will
employ a stepwise regression approach to determine which variables best predict outcomes. If too many highly
correlated perceptual or acoustic measures are found, alternate statistical methods will be used, such as a
random forest approach?* to study the best combination of predictors. Aims 1 and 2 are independent of one
another, thus, unexpected findings in Aim 1 will not directly impact the analysis of Aim 2.

Expected contributions of Aim 2. Findings from Aim 2 will provide the necessary preliminary data to drive
future research directions developing diagnostic tools using the best combination of measures identified here.

Summary and Future Directions. The data and training obtained from the proposed project will provide
preliminary data to support future grant applications to advance the clinical and translational nature of my
research examining vocal biomarkers of speech impairment in CP. Specifically, this research will contribute to
my long-term goal of developing clinically translatable diagnostic tools to detect speech motor impairment in
CP as an independent investigator at a research-intensive university. The proposed work has direct
implications to support SLP treatment planning and long-term communication outcomes in children with CP.
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1. Evolutionary origins of language. My doctoral dissertation examined how infants vocally signal
information about their developmental capacity and progress to caregivers. Broadly, this work was
conducted through an evolutionary-developmental biology (evo-dev) theoretical framework to support our
understanding of how humans evolved to communicate using language. My dissertation revealed three key
findings. First, infant vocal imitation is rare in the first year of life—yet highly salient to listeners—
underscoring its potential to be used as a vocal signal of developmental information for caregivers. Second,
infants produce nonsocial vocalizations ~3x more frequently than social ones, indicating independent vocal
play as a primary driver of the development of articulatory properties of speech. Last, although infants
vocalize the most during independent vocal play, we found that they produce their most developmentally
advanced vocal forms during social periods, offering further support for infants’ capacity to signal their most
complex levels of ability to caregivers in periods of direct attention.
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2. Infant vocal development in clinical populations. During my doctoral training, | independently sought
experiences to study early vocal development in infants at risk for communication disorders. The last paper
in my dissertation examined canonical babbling in infants at risk for autism. Our findings suggested a
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a. Gipson TT, Ramsay G, Ellison EE, Bene ER, Long HL, Oller DK. Early Vocal Development in
Tuberous Sclerosis Complex. Pediatr Neurol. 2021 Dec;125:48-52. doi: 10.1016/j.pediatrneurol.
2021.08.009. PMID: 34628143; PMCID: PMC8557126.

b. Long, HL. Endogenous and social factors influencing infant vocalizations as fithess signals. 2020.
Doctoral dissertation, The University of Memphis.

3. Speech, and communication development in cerebral palsy. My postdoctoral training with Dr. Hustad
has provided a unigue opportunity to longitudinally examine speech and communication development in
CP using an existing database of ~150 children ranging in ages from 6 months to 18 years (including ~50
infants with data under 24 months). During the first year of my postdoctoral experience, | studied
communication and speech development in school-aged children with CP. Data from two studies in which |
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postdoctoral experiences, | have led two preliminary studies examining vocal biomarkers of speech
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dataset. We found a higher proportion of less developmentally complex syllables in infants later diagnosed
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later diagnosed with CP (and likely speech impairments) are likely to present with atypical vocal
developmental patterns in infancy.
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11/22-11/24, Role: PI

T32 HD007489, NICHD, UW-Madison Waisman Center T32 Postdoctoral Training Program in Intellectual
Developmental and Disabilities, 08/21-08/23, Role: Postdoctoral trainee

Last Updated: Apr 1 2023 2 of 10



https://doi.org/10.1044/2022_JSLHR-22-00062

https://doi.org/10.1111/dmcn.15198

https://oadoi.org/10.1044/2021_LSHSS-21-00064

https://oadoi.org/10.1016/j.pediatrneurol.2021.08.009

https://oadoi.org/10.1016/j.infbeh.2021.101648

https://oadoi.org/10.1098/rstb.2020.0255

https://oadoi.org/10.1371/journal.pone.0224956

https://oadoi.org/10.1016/j.cub.2020.03.049

https://oadoi.org/10.1038/s41598-019-51352-0

https://oadoi.org/10.3389/fpsyg.2019.01340

https://leader.pubs.asha.org/do/10.1044/2022-0919-slp-aud-research/full/

https://leader.pubs.asha.org/do/10.1044/2022-0919-slp-aud-research/full/



Helen L. Long, PhD, CCC-SLP cv

CONFERENCE PRESENTATIONS

10.

11.

12.

13.

14.

Long, H. L., & Hustad, K. C. (submitted). Vocal production in children with anarthria and cerebral palsy. Paper
submitted to the American Speech-Language Hearing Association Convention, Boston, MA.

Long, H. L., & Hustad, K. C. (submitted). An examination of the relationship between early vocal production
and later language performance in young children with cerebral palsy. Paper submitted to the Symposium
on Research in Child Language Disorders, Madison, WI.

Long, H. L., Hayes, S., Christensen L., & Hustad, K. C. (accepted). A scoping review of vocal development in
infants with or at risk for neurodevelopmental disabilities and speech impairment. Paper accepted for
presentation to the Gatlinburg Conference, Kansas City, MO.

Long, H. L., EImquist, M., Natzke, P., & Hustad, K. C. (2022, November). Longitudinal communicative
participation in children with and at risk of CP between 18-60 months, [Poster]. American Speech-Language
Hearing Association Convention, New Orleans, LA.

Long, H. L., Ramsay, G., & Oller, D. K. (2022, November). Canonical babbling trajectories in TD and ASD
infants using all-day recordings: A preliminary analysis of human coded data. American Speech-Language
Hearing Association Convention, New Orleans, LA.

Yoo, H., Ramsay, G., Long, H. L., Oller, D. K., & Bene, E. R. (2022, November). Relationships between infant
speech-like vocalizations and infant-directed speech in typically developing infants vs. infants at risk for
autism. American Speech-Language Hearing Association Convention, New Orleans, LA.

Elmquist, M., Long, H. L., & Hustad, K. C. (2022, November). Preverbal and verbal communication and
interaction development in toddlers with cerebral palsy, [Poster]. American Speech-Language Hearing
Association Convention, New Orleans, LA.

Long, H. L., EImquist, M., Allison, K., & Hustad, K. C. (2022, September). Communication is a gateway to
participation: State of the science and future directions. American Academy of Cerebral Palsy and
Developmental Medicine Annual Meeting, Las Vegas, NV.

Long, H. L., Hustad, K. C., Romer, K., Friener, L., & Rhodes, L. (2022, June). Parent-reported language
milestone mastery in young children with cerebral palsy, [Poster]. Symposium on Research in Child Language
Disorders, Madison, WI.

Long, H. L., Mahr, T. J., & Hustad, K. C. (2022, February). Longitudinal development of marginal and
canonical babbling in young children at risk for cerebral palsy. Motor Speech Conference, Charleston, SC.

tLong, H. L., Friener, L., Rhodes, L. N., Romer, K., & Oller, D. K. (2021, November). Early speech and language
developmental milestones in children with cerebral palsy between 1-4 years, [Poster]. American Speech-
Language Hearing Association Convention, Washington, D.C.

El Amin, M., Long, H. L., Borders, J. C., Keller, M. A., & Kearney, E. (2021, November). Open science practices
in communication sciences and disorders. American Speech-Language Hearing Association Convention,
Washington, D.C.

tLong, H. L., Ramsay, G., Bowman, D. D., Burkhardt-Reed, M. M., & Oller, D. K. (2021, June). Social and
endogenous motivations in the emergence of canonical babbling: An autism risk study, [Poster]. Symposium
on Research in Child Language Disorders (virtual).

tLong, H. L., Ramsay, G., Bowman, D. D., Burkhardt-Reed, M., & Oller, D. K. (2021, May). Social and
endogenous motivations of canonical babbling development in autism. Annual Meeting for the International
Society for Autism Research (virtual).
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

*Yoo, H., Ramsay, G., Bowman, D. D., Ha, S., Long, H. L., & Oller, D. K. (2021, May). Phonatory control in
typically developing infants and infants at risk for autism. Annual Meeting for the International Society for
Autism Research (virtual).

Long, H. L., Allen, E., Friener, L., Eichorn, N., & Oller, D. K. (2020, November). Assessing language emergence
in cerebral palsy using the LENA Developmental Snapshot, [Poster]. American Speech-Language Hearing
Association Convention, San Diego, CA. (Conference canceled)

Hidecker, M. J. C., & Long, H. L. (2020, November). Understanding communication disorders in cerebral palsy
using the ICF framework from the WHO. American Speech-Language Hearing Association Convention
(Conference canceled).

tLong, H. L., Burkhardt-Reed, M. M., & Oller, D. K. (2020, October). Quantifying the nature of vocal and
gestural activity in infants across the first year, [Poster]. Many Paths to Language (mPaL) Workshop (virtual).

tLong, H. L., Oller, D. K., Romer, K., Friener, L., Warner, W., Spence, D., & Rhodes, L. N. (2020, September).
Pre-speech and early speech development of young children diagnosed with cerebral palsy, [Poster].
American Academy of Cerebral Palsy and Developmental Medicine Annual Meeting (virtual).

tHidecker, M. J. C., & Long, H. L. (2020, September). When to refer: Early indicators for communication
concerns in cerebral palsy. American Academy of Cerebral Palsy and Developmental Medicine Annual
Meeting (virtual).

tLong, H. L., Oller, D. K., Friener, L., Romer, K., & Rhodes, L. N. (2020, August). Mastery of prelinguistic
milestones in young children with cerebral palsy, [Poster]. Early Cerebral Palsy Health Summit (virtual).

tLong, H. L. & Oller, D. K. (2020, July). Do infants use more social or non-social protophones? An opinion
survey and observational study, [Poster]. International Congress of Infant Studies XXII Bicentennial Congress
(virtual).

Long, H. L., Ramsay, G., & Oller, D. K. (2020, May). The influence of interaction on advanced vocal stages in
typical and atypical social development, [Poster]. Symposium on Research in Child Language Disorders,
Madison, WI. (Conference canceled)

*Long, H. L., Eichorn, N., & Oller, D. K. (2020, February). Canonical babbling in infants at-risk for cerebral
palsy: A longitudinal multiple case study, [Poster]. Motor Speech Conference, Santa Barbara, CA.

*Long, H. L., Ramsay, G., Bowman, D., Yoo, H. J., Burkhardt-Reed, M. M., Bene, E. R., & Oller, D. K. (2019,
November). Assessing infant vocal production across interactive and non-interactive contexts in ASD and
typical development: Preliminary data from the University of Memphis/Emory University sibling study.
American Speech-Language Hearing Association Convention, Orlando, FL.

*Long, H. L., Eichorn, N., & Oller, D. K. (2019, November). Possible early indicators for speech impairments in
infants at risk for cerebral palsy, [Poster]. American Speech-Language Hearing Association Convention,
Orlando, FL.

*Yoo, H. J., Ha, S., Bowman, D., Ramsay, G., Long, H. L., Lee, C.-C., & Oller, D. K. (2019, November). A cross-
language investigation of clustering of infant vocalizations across the first year of life. American Speech-
Language Hearing Association Convention, Orlando, FL.

*Burkhardt-Reed, M. M., Long, H. L., & Oller, D. K. (2019, November). Gesture in early communication
development: Relative roles of voice and gesture across the first year of life. American Speech-Language
Hearing Association Convention, Orlando, FL.

*Oller, D. K., & Long, H. L. (2019, November). Endogenous production of vocal precursors to speech across
the first year. Boston University Conference on Language Development, Boston, MA.
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30

31.

32.

33.

34.

35.

36.

. *Long, H. L., Bowman, D., & Oller, D. K. (2018, November). Reliability of listener judgments of infant
imitation, [Poster]. American Speech-Language Hearing Association Convention, Boston, MA.

*Long, H. L., & Oller, D. K. (2017, November). Vocal matching and imitation in infancy, [Poster]. American
Speech-Language Hearing Association Convention, Los Angeles, CA.

*Long, H. L., & Oller, D. K. (2017, November). Vocal imitation and matching in infants. American Speech-
Language Hearing Association Convention, Los Angeles, CA.

*Lee, C.-C., Chen, L. M., Chen, L. W., Lin, Y. C., Long, H. L., & Oller, D. K. (2017, November). A preliminary
study of mean duration of utterance and vocalization rate in infants with cerebral palsy. American Speech-
Language Hearing Association Convention, Los Angeles, CA.

*Lee, C.-C., Long, H. L., Jhang, Y., Yoo, H. J., Chen, L. M., & Oller, D. K. (2016, November). Effects of social &
non-social circumstances on CB ratios in English- & Chinese-learning infants. American Speech-Language
Hearing Association Convention, Philadelphia, PA.

*Long, H. L., Oller, D. K., Ramsdell-Hudock, H., & Bene, E. (2016, November). Imitative and vocally adaptive
behavior in infants through twelve months, [Poster]. American Speech-Language Hearing Association
Convention, Philadelphia, PA.

Santana, P., Long, H. L., Headley, D., Stierwalt, J. A. G., & Gingrich, L. (2012, November). An examination of
lingual function following total laryngectomy, [Poster]. American Speech-Language Hearing Association
Convention, Atlanta, GA.

tRecorded presentations and *handouts available at: osf.io/6w2ng

INVITED TALKS

Last

Long, H. L. (2023, March). Green is the new gold: An exploration of the various routes to make your research
more accessible. PhD Research Colloquium, School of Comm. Sciences and Disorders, Univ. of Memphis.

Long, H. L., Mankel, K. M., & Price, C. N. (2022, September). Insight on the postdoctoral transition:
Professional preparation as an early career research scientist. Panel discussion at the PhD Research
Colloquium, School of Comm. Sciences and Disorders, Univ. of Memphis.

Long, H. L. (2021, November). Evolutionary origins of infant vocalizations as signals of developmental
progress to caregivers. Professional seminar presented to the Department of Communication Sciences and
Disorders, Univ. of Wisconsin-Madison.

Long, H. L., Ramsay, G., Bowman, D., Burkhardt-Reed, M. M., & Oller, D. K. (2021, March). Social and
nonsocial motivations in the emergence of canonical babbling. Talk presented to the Language Acquisition
Across Cultures (LAAC) Laboratory, Laboratoire de Sciences Cognitives et Psycholinguistique, Centre national
de la recherche scientifique, France.

McDaniel, V., Long, H. L., Yoo, H., Patro, C., Yellamsetty, A., & Constantino, C. (2021, March). Insight on the
postdoctoral transition: Professional preparation as an early career research scientist. Panel discussion at
the PhD Research Colloquium, School of Comm. Sciences and Disorders, Univ. of Memphis.

Long, H. L., Ramsay, G., Bowman, D., Burkhardt-Reed, M. M., & Oller, D. K. (2020, November). Infant
production of advanced vocal forms across contexts in infants at low and high risk for autism. Talk presented
to the Eleanor J. Gibson Laboratory of Developmental Psychology, Cornell University.

Long, H. L., Oller, D. K., Romer, K., Friener, L., Warner, W., Spence, D., & Rhodes, L. N. (2020, September).
Pre-speech and early speech development of young children diagnosed with cerebral palsy. Poster
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highlighted for presentation at the Poster Crawl| with Past Presidents, American Academy of Cerebral Palsy
and Developmental Medicine Annual Meeting.

8. Long, H. L., Eichorn, N., Bowman, D., & Oller, D. K. (2019, April). Using GEEs to evaluate longitudinal vocal
development in infants at risk for cerebral palsy. Technical summary presented at the S. P. Wong Applied
Statistics Research Day, Department of Mathematics, University of Memphis.

9. Long, H.L. (2019, April). Tips and strategies for submitting an F31 proposal. Oral seminar presented to the
PhD Research Colloquium, School of Communication Sciences and Disorders, University of Memphis.

10. Hinds, V. & Long, H. L. (2014, September). Strategies for teaching augmentative and alternative
communication in the schools. Professional developmental seminar presented to Speech-Language
Pathologists and Speech Therapists, Shelby County Schools, Memphis, TN.

Workshops

11. Kearney, E. K., Long, H. L., Spratford, M., & Harold, M. (2021, January). Self-archiving 101: Improve research
dissemination through access. Hosted by CSDisseminate.

INTRAMURAL TALKS

University of Wisconsin-Madison

1.

Long, H. L. (2022, January). Prelinguistic and early speech development in cerebral palsy. T32 postdoctoral
seminar presented to the faculty of the Waisman Center. University of Wisconsin-Madison.

University of Memphis

2.

Long, H. L., Oller, D. K., Bowman, D. D., & Ramsay, G. (2020, October). Social and endogenous motivations in
the emergence of canonical babbling: An autism risk study. Seminar presented to the PhD Research
Colloquium, School of Communication Sciences and Disorders, University of Memphis.

Long, H. L., Oller, D. K., Bowman, D. & Ramsay, G. (2020, April). Social factors influencing advanced vocal
development in development. Poster presented at the Student Research Forum, University of Memphis.

Long, H. L. (2020, March). Vocal development in cerebral palsy: State of the science and future directions.
Seminar scheduled for presentation at the PhD Research Colloquium, School of Communication Sciences and
Disorders, University of Memphis. (Seminar canceled)

Long, H. L., Eichorn, N., Bowman, D., & Oller, D. K. (2019, April). A preliminary analysis of prelinguistic vocal
development in infants at-risk for motoric disorders. Poster presented at the 11S Research Speed Date,
Institute for Intelligent Systems, University of Memphis.

Long, H. L., Eichorn, N., Bowman, D., & Oller, D. K. (2019, March). Canonical babbling development in infants
at-risk for cerebral palsy: A multiple case study. Poster presented at the Student Research Forum, University
of Memphis.

Long, H. L. (2019, March). Why | decided to get a graduate degree. Panel discussion at the Graduate School
Lightning Talks, University of Memphis.

Long, H. L., Bowman, D., & Oller, D. K. (2018, March). Assessing listener perceptions of vocal imitation using
measures of reliability. Poster presented at the Student Research Forum, University of Memphis.
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9. Long, H.L., &Oller, D. K. (2017, October). Vocal imitation and matching in infants. Pre-candidacy project
presented to the CSD Research Colloquium, School of Communication Sciences and Disorders, University of

Memphis.

10. Long, H. L., & Oller, D. K. (2017, March). Overall proportions of vocal matching and social directivity of infant
protophones at 3, 6, and 10 months. Poster presented at the Student Research Forum, University of

Memphis.

AWARDS AND HONORS

American Speech-Language Hearing Association (ASHA)
Lessons for Success

Pathways Program

Award for Continuing Education

University of Wisconsin-Madison
Waisman Center Morse Society for Graduate and Postdoctoral Scholars

University of Memphis

Graduate Student President Service Award

Celebrate Student Success Award

S.P. Wong Award for Best Presentation in Statistical Application

Florida State University

Outstanding 2" Year Master’s Student Award

College of Communication and Information Dean’s List
Dr. Avery Vaughn Scholarship Fund for Excellence

Indiana University

Mortar Board Senior National Honor Society
Dobro Slovo National Slavic Honor Society

Dean’s List, College of Arts and Sciences

H. Fullmer Faculty Scholarship Award

Direct Admit Program, College of Arts and Sciences

Travel awards

Kathy Yorkston Student Travel Award, Motor Speech Conference
OrthoPediatrics© Travel Scholarship, AACPDM Conference

Dean’s Research Travel Award, University of Memphis, School of CSD
[ISSO Scholarly Travel Award, Univ. of Memphis

Graduate Student Association Travel Award, University of Memphis

Professional

Al Chymia Shriners Award, Shrine School SLP Department, Memphis, TN
Red Apple Award, Southborough Education Foundation, Southborough, MA
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RESEARCH MENTORING

University of Memphis, Master’s student projects
Hannah Berthelson, Neurodiversity, evolution, and autism spectrum disorder 2020
Emma Allen, Early speech and language milestones in cerebral palsy 2019 - 2020

TEACHING EXPERIENCE

University of Memphis

Instructor
AUSP 4300: Autism: Communication and Socialization, 3 cr. Fa 2018
AUSP 7991.: Clinical Research Colloquium: Introduction to Research, 1 cr. Fa 2017

Teaching assistant

AUSP 7500: Evaluating Research in CSD, Naomi Eichorn, PhD Su 17, Su 20
AUSP 7308: Augmented and Alternative Communication, Vicki Haddix, MS Sp 2017
AUSP 4010: Autism: Communication & Socialization, Kim Oller, PhD Sp 2016

Guest lecturer

1.

10.

Speech and language development in cerebral palsy. (2022, October). SPAU/CLDP 4308: Language
Disorders in Children. Department of Speech, Language, and Hearing, University of Texas at Dallas.

Treatment decision-making in infant, toddler, and preschool language disorders. (2021, December). CD
509: Language Development (Birth-5 years). Department of Comm. Disorders, University of Alabama.

Development of the speech systems. (2018, December). AUSP 7003: Anatomy & Physiology of the Speech
Mechanism. School of Communication Sciences & Disorders, University of Memphis.

Interdisciplinary collaboration in school-based settings. (2017, November). AUSP 7200: Introduction to
Clinical Practice in SLP. School of Communication Sciences & Disorders, University of Memphis.

Anatomy & physiology of swallowing disorders. (2017, September). AUSP 7209: Dysphagia & Related
Disorders. School of Communication Sciences & Disorders, University of Memphis.

Single-subject research and client performance. (2017, June). AUSP 7500: Evaluating Research in
Communication Sciences. School of Communication Sciences & Disorders, University of Memphis.

Qualitative research and patient preferences. (2017, July). AUSP 7500: Evaluating Research in
Communication Sciences. School of Communication Sciences & Disorders, University of Memphis.

Cerebral Palsy: Overview and case study. (2017, April). AUSP 7010: Neurological Bases of Communication
Disorders. School of Communication Sciences & Disorders, University of Memphis.

Interviewing children with cognitive-linguistic deficits. (2016, February). EDPR 7006: Interviewing Children
for Research Purposes. Dept. of Counseling, Ed. Psych., & Research, University of Memphis.

Autism spectrum disorder: Assessment and treatment. (2016, February). AUSP 4010: Autism:
Communication & Socialization, School of Communication Sciences & Disorders, University of Memphis.

Florida State University
Distance learning teaching assistant
SPA 5211: Voice Disorders, Richard Morris, PhD Su 2012
SPA 5254: Acquired Neurolinguistic Cognitive Disorders, Joanne Lasker, PhD Sp 2012
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SPA 5204: Phonological Disorders, Toby Macrae, PhD Fa 2011
SPA 5009: Language Development and Intervention, Jenny Brown, MS Su 2011
SPA 5113: Clinical Phonetics, Shannon Hall-Mills, PhD Sp 2011
SPA 5012: Introduction to Communication Sciences; Kerry Lenius, PhD Fa 2010

CLINICAL EXPERIENCE

Active licensure and certification
CCC-SLP, American Speech-Language Hearing Association 2013 -
WI Speech-Language Pathology State Licensure 2021 -
Employment
Speech-language pathologist
Invo-Progressus Therapy, Shelby County Schools, Memphis, TN 2014 - 2021
Global Teletherapy, Tennessee Virtual Academy, TN 2018 — 2019
Easter Seals Massachusetts, State-wide school and medical contracts, MA 2012 -2014
Assistive technology team member
Shelby County Schools, Memphis, TN 2015 - 2018
Clinical supervision
Clinical fellowship supervisor
Shelby County Schools, Memphis, TN 2017 - 2019
Graduate student supervisor
University clinic diagnostics, Memphis Speech and Hearing Clinic 2016 — 2017
Shelby County Schools, Memphis, TN 2015
SERVICE
Professional
CSDisseminate, Co-founding collaborator 2020 -
AACPDM, Membership committee member 2020 -
ASHA Convention Coach for first-time attendees 2022
ASHA S.T.E.P. Program, Mentor 2014, 2023
University of Wisconsin-Madison
Committee on disability access and inclusion, Postdoctoral representative 2022 -
IDDRC career development steering committee, Waisman Center postdoc representative 2022 -
UW Postdoc Association research symposium planning committee, Member 2021
University of Memphis
Faculty appointments committee, PhD student representative 2019 - 2020
Grievance committee, PhD student representative 2018
CSD research colloquium series, Coordinator 2018
Dean search committee, PhD student representative 2017
Last Updated: Apr 1 2023 9 of 10



http://www.csdisseminate.com/



Helen L. Long, PhD, CCC-SLP cv
Institute for Intelligent Systems Student Organization, Member 2016 - 2020
Graduate Student Association, CSD department representative 2016 — 2017
CSD curriculum committee, PhD student representative 2016 - 2017
Florida State University
National Student Speech-Language Hearing Association, Member 2010- 2012
Indiana University
National Student Speech-Language Hearing Association, Member 2009 - 2010
Best Buddies, Leadership committee, Membership coordinator 2008 — 2010
Czech Club, Treasurer 2008 — 2010
Judicial Board, Juror/Internal affairs chair 2006 - 2010
Community Volunteer
Tennessee Achieves Program, Mentor 2014 - 2015
Special Session for Adults with Disabilities, Camp McDowell, Counselor/Adult Staff 2004 - 2012

PEER-REVIEW ACTIVITIES
Manuscript reviewer - Web of Science
American Journal of Speech-Language Pathology Journal of Speech, Language, and Hearing Research
Journal of Communication Disorders International Journal of Language & Comm. Disorders
Developmental Medicine & Child Neurology Journal of Pediatric Rehabilitation Medicine
Disability and Rehabilitation PLOS ONE
Conference abstract reviewer
SRCLD Program Planning Committee 2023
AACPDM Scientific Program Committee 2021, 2023
ASHA Convention, Speech and Language Sciences Review Committee 2021

Scholarship reviewer
OrthoPediatrics© Travel Scholarship, AACPDM Annual Meeting 2021 -

PROFESSIONAL MEMBERSHIPS

ASHA: American Speech-Language-Hearing Association 2013 -

e Special Interest Group (SIG) 02: Neurogenic Communication Disorders 2020 -
AACPDM: American Academy for Cerebral Palsy and Developmental Medicine 2018 -
ICIS: International Congress of Infant Studies 2019 -

Last Updated: Apr 1 2023 10 of 10



https://www.webofscience.com/wos/author/record/2319036




CANDIDATE STATEMENT
Track Record:

Previous training in clinical and translational research. My research questions are based in my
experiences as a speech-language pathologist. During this time, | worked at a school for children with
significant medical disabilities and complex communication needs, including cerebral palsy (CP). However, |
found limited evidence-based resources to support my clinical decision-making to accurately diagnose and
determine a prognosis for speech development in these children. As a doctoral student, | developed
foundational knowledge in understanding the theoretical framework to study typical and atypical infant vocal
development across populations. Since beginning my postdoctoral training at the Waisman Center in 2021, |
have developed a strong relationship with my Primary Mentor, Dr. Katherine Hustad to study speech and
communication development in children with CP. | have also conducted two preliminary studies examining
perceptual features of infant vocalizations. However, it is critical that we work together, alongside the
consultants of my proposal, to expand this line of work to study acoustic variables of infant vocalizations to
expand the clinical and translational nature of my research.

Research opportunities. | have participated in all stages of clinical research including obtaining participant
consent and assent, data collection, participant retention, data analysis and management, manuscript writing,
and scientific conference presentation. | have broadly contributed to many other aspects of the research
process, including conceptualization of studies, and project planning using rigorous methods. These
experiences have been largely conducted in a laboratory setting and | aim to expand my research to engage
clinical providers and the broader public. However, to-date, | have had no explicit training in clinical and
translational research methods and outcomes. My programmatic line of research has clear potential to directly
support speech-language pathologists and the broader community, including families of children with
disabilities and other medical providers. Therefore, | am seeking a third year of postdoctoral training through
the UW-Madison ICTR TL1 program to further enhance my skills in topics relating to my research, as well as in
clinical and translational research methods, mentorship, grant writing, and in the responsible conduct of
research. This training is critical to successfully reach my long-term goals (described below) and to continue to
conduct research supporting earlier detection of speech motor impairments in infants at risk for CP.

Productivity. To-date, | have contributed to 14 manuscripts (7 as first author) and presented first-authored
research 21 times across 9 national and international annual conferences. | am presently collaborating on
three manuscripts in preparation (2 as first author, 1 as middle author) within and outside of my laboratory. |
have peer reviewed 8 manuscripts across multidisciplinary journals since 2020. An extra year of training and
participation in the activities described in my Individual Development Plan will expand the translational nature
of my research and to ensure that | am a competitive applicant to a research-intensive university.

Grants/Awards. | was selected as an awardee of the highly competitive Waisman Center T32 postdoctoral
training program, which has supported the first two years of my postdoctoral training under the mentorship
guidance of Dr. Katherine Hustad. At the beginning of my postdoctoral training (2021), | was awarded an NIH
Loan Repayment Award. In 2022, | was awarded the New Investigators Research Grant ($10,000) through the
American-Speech-Language Hearing Foundation. | also applied and was selected to participate in the
Pathways Program in 2021, an early career professional development program, and Lessons for Success in
2023, an intensive grant writing workshop, through the American Speech-Language-Hearing Association. | will
write a K grant application during the TL1 project period which demands preliminary data from my proposed
research plan in order to extend my research efforts across the translational research continuum.

Career Objectives:

Long-term translational research career goals. My programmatic line of research aims to leverage vocal
biomarkers of speech motor impairment to develop clinically translatable diagnostic tools for early detection.
My proposed research meets criteria for the T1 classification of the translational research continuum; however,
explicit training through the TL1 program will expand my ongoing productivity conducting research in the T2-T3
domains to develop diagnostic tools, practice guidelines for diagnosis, and public health materials on clinical
red flags for impairment to support referrals and screening of infants at risk for CP. Long term, | aim to drive
the clinical and translational nature of my research in two parallel directions.





First, the perceptual study of infant vocalizations can offer evidence-based solutions to improve clinical
screening of early vocal milestones in infants at risk using parent-reported interviews. Thus, | aim to develop
parent-reported diagnostic and screening tools to flag potential risk or presents of speech motor impairment in
infants at risk for CP. This work has great potential to expand across the translational research continuum (T2-
T4) to develop educational resources for families and general medical practitioners to identify risk factors that
necessitate earlier referrals to speech-language pathologists.

Second, the acoustic study of infant vocalizations can drive the development of automated tools to detect
and analyze vocalizations using all-day recording methods. Existing methods only crudely count the number of
child vocalizations and adult speech; however, there is great potential to expand these tools to conduct fine-
grained analyses of vocalization acoustic parameters to further expand my research across the continuum (T2-
T3). The efforts proposed in this research project are critical to drive research across these areas.

Public Health Impact. The successful completion of this research and training plan will directly support the
future development of clinically translatable diagnostic tools to support earlier detection of speech motor
impairment in infants at risk for CP, and possibly other neurological disorders. This work will greatly impact
children and their families with developmental disabilities. Specifically, the early identification of any level of
speech impairment is critical to support 1) caregiver awareness of developmental red flags, 2) medical
practitioner knowledge of red flags to screen and refer infants at risk to speech pathologists, and 3) drive
interventions supporting access to alternative communication methods. This work is critical to improve
communication participation outcomes and quality of life in children with CP throughout the lifespan.

Participation in TL1 postdoctoral program. As part of the TL1 postdoctoral program, | intend to conduct the
research project as described in the Research Plan and actively participate in activities supporting my short-
term and long-term research and career goals. Specifically, | will receive additional training from my Primary
Mentor and consultants to conduct the acoustic and statistical analyses of the proposal in which | require
additional mentorship. Also, | will receive training across broad topics in clinical and translational research and
outcomes, responsible conduct of research, mentorship, and grant writing. These training activities are critical
to becoming a competitive applicant for NIH funding and to obtain a tenure-track research faculty position at a
research-intensive university.

Short-Term Research Goals:
1. Acquire expertise in acoustic analysis and statistical modeling of vocal predictors and speech outcomes
2. Develop conceptual knowledge across topics in clinical and translational research:
a. Clinical and Translational Outcomes
b. Dissemination and Implementation
c. Diverse Community and Stakeholder Engagement
3. Conduct and promote responsible and ethical research
4. Enhance mentorship skills for developing an inclusive and supportive laboratory
5. Refine grant writing skills to successfully apply for a K award by the end of the project period

Long-Term Career Goals:
1. Obtain a tenure-track research faculty position in a department of communication sciences and
disorders at UW-Madison or other research-intensive university
2. Obtain K and future R funding to conduct my programmatic line of clinical and translational research
3. Develop clinically translatable diagnostic tools to detect speech motor impairment in infants with CP

Due to the maximum 3-year training requirement for NIH National Research Service Award (NRSA)
Fellowships, | am requesting one year of additional postdoctoral salary support through the ICTR TL1 program
following two years of T32 training to support my learning across topics as described. | have carefully selected
and outlined a series of workshops and seminars to expand my knowledge and research skills to meet each
goal during the duration of a 1-year project period, as described and outlined in my Individual Development
Plan. Specifically, | will participate in a variety of activities sponsored throughout UW-Madison, including
offerings through outside conferences, the Waisman Center, Delta Program, and ICTR to achieve these goals.






INDIVIDUAL DEVELOPMENT PLAN
Short-Term Goals:

1. Acquire expertise in acoustic analysis and statistical modeling of vocal predictors and speech outcomes
e Activity: Mentor meetings
Description: | will meet with my mentorship team for ongoing training, troubleshooting, and logistical
planning to learn methods in acoustics and conduct the appropriate statistical modeling.
Frequency and Format: Hustad: Weekly, 1-hour, 1:1 meetings throughout project. Bunton: Monthly 1-
hour virtual meetings throughout project. Mahr: Weekly 1-hour meetings during last 6 months.

e Activity: Motor Speech Conference 2024
Description: This bi-annual conference provides a rich environment to learn about cutting edge research
in acoustic analysis and theoretical frameworks for speech motor control throughout the lifespan. I will
attend and present preliminary data from this project at this conference in February 2024.
Frequency and Format: Three day, in-person conference, February 21-24, 2024, San Diego, CA.

2. Develop conceptual knowledge across topics in clinical and translational research
e Activity: PHS 709: Translational and Outcomes Research in Health and Health Care
Description: Understand diverse methods in translational and outcomes research across settings
Frequency and Format: Audit or register (TL1 funding permitted) for in-person, 3 credit Fall course

e Activity: Dissemination & Implementation Short Course 2023
Description: This short course trains researchers on the science of dissemination and implementation
using the implementation outcomes framework and address human-centered research designs.
Frequency and Format: Two full-day, in-person workshops, 8 hours total.

e Activity: Just Research Workshop — Advancing Researcher Skills for Research Equity
Description: The workshop covers research participation bias, health community engagement, and
effective communication within teams and communities to reduce health inequity in research.
Frequency and Format: One full-day, in-person workshop, 8 hours total.

3. Conduct and promote research using responsible and ethical guidelines
e Activity: Waisman Ethics & Professional Development Seminar series
Description: Training in research ethics to support the professional development of trainees at the
Waisman Center, including research misconduct, conflicts of interest, team science, and data integrity.
Frequency and Format: Fifteen 1-hour, in-person seminars in Fall and Spring, 15 hours total.

4. Enhance mentorship skills for developing an inclusive and supportive laboratory
e Activity: Delta Program Research Mentor Learning Community for Postdocs
Description: Training in effective mentoring, writing a mentoring statement, and time-management.
Frequency and Format: Four weekly 2-hour virtual sessions, 8 hours total.

5. Refine grant writing skills to successfully apply for a K award by the end of the project period
e Activity: K Grant Writing Group
Description: Participate in small group lectures reviewing essential grant components and conduct
writing sessions involving self- and peer-critiques of individual grant sessions.
Frequency and Format: Eight 1-hour sessions across three months, 8 hours total.

Long-Term Goals:

The successful completion of each of the above listed activities will ensure that | am a competitive,
independent investigator aiming to meet the following long-term professional goals:
1. Obtain a tenure-track research faculty position in a department of communication sciences and disorders
at UW-Madison or other research-intensive university
2. Obtain K and future R funding to conduct my programmatic line of clinical and translational research
3. Develop clinically translatable diagnostic tools to detect speech motor impairment in infants with CP






TRAINING PLAN TIMELINE

This training plan timeline outlines the activities addressing my research and career goals described in the
Individual Development Plan. These activities are meant to build and expand upon my existing postdoctoral
training to refine my knowledge and skills in my specific research area and broadly in conducting clinical and

translational research.

Short-Term Goals:

ahwnhRE

Long-Term Goals:

Acquire expertise in acoustic analysis and statistical modeling of vocal predictors and speech outcomes
Develop conceptual knowledge across topics in clinical and translational research

Conduct and promote research using responsible and ethical guidelines
Enhance mentorship and leadership skills for developing an inclusive laboratory
Refine grant writing skills to successfully apply for a K award by the end of the project period

1. Obtain a tenure-track research faculty position in a CSD department at a research-intensive university

2. Obtain K and future R funding to conduct my programmatic line of clinical research
3. Develop clinically translatable diagnostic tools to detect speech motor impairment in infants with CP

Timeline 12-month activity timeline (2023-2024)
. Jul- | Sept- | Nov- | Jan- | Mar- | May-

Goal Activities Aug Oct Dec Feb Apr Jun

Weekly meetings with Primary Mentor (Hustad) X X X X X X

Monthly meetings with consultants Bunton (X) & Mahr (O) X X X XO XO XO

Attend and present research at Motor Speech Conference 2024 X

PHS 709: Transl. and Outcomes Research in Health Care X X X

Dissemination & Implementation Short Course X

Just Research: Advancing Skills for Research Equity X

Waisman Ethics & Prof. Development Seminar series X X X X X

Delta Program Mentor Learning Community for Postdocs X

K Grant Writing Group* X X X

Research Project Activities

Syllable extraction for acoustic analysis X

Speech outcome classification X X

Acoustic analysis training X X X

Perceptual and acoustic reliability analyses (20%) X X

Full perceptual coding and acoustic data extraction X X X

Aim 1 & 2 data preparation X X

Aim 1 & 2 statistical analysis X X X

Manuscript preparation and submission; JSLHR X X X

Submit conference talks (AACPDM, ASHA) X X

HIPAA/CITI certification and IRB renewal X X

Grant and Faculty Application Activities

Write and submit K award X X X X

Prepare research faculty position application materials X X

Apply for faculty positions in research-intensive CSD depts. X X X X

*Timeline dependent on waitlist availability

PHS: Population Health Sciences; JSLHR: Journal of Speech, Language, and Hearing Research; AACPDM:

American Academy of Cerebral Palsy and Developmental Medicine; ASHA: American Speech-Language

Hearing Association; HIPAA: Health Insurance Portability and Accountability Act; CITI: Collaborative
Institutional Training Initiative Program; IRB: Institutional Review Board; CSD: Communication sciences and

disorders







RESEARCH SUPPORT

The proposed research project will not require any direct research funds (outside of salary support) to
purchase equipment, compensate participants, or fund student research assistants.

Specifically:

Participant compensation is not required because the proposed study utilizes an existing dataset.
Equipment funds are not required because Dr. Hustad’s laboratory is well-equipped with the necessary
tools to code vocalizations and analyze data, including two computers with double monitors and noise
cancelling headphones.

The software used to conduct perceptual coding was purchased in 2022 and is fully installed and ready
for use on the two computers that will be used for this research project.

The software used for acoustic and statistical analyses is either openly available through a UW-
Madison license (MATLAB) or is open-source (R Studio).

Research assistants will be funded through existing grants awarded to myself and Dr. Hustad,
described below.

As permitted, funding will be requested through the TL1 for scientific conference attendance and tuition for
PHS: 709 course on clinical and translational research methods in health care. If funding is declined through
the TL1 program, funds for these efforts will be requested through the Friends of the Waisman Center as
described below. | can also request to informally audit the course with instructor permission if no tuition funding
is available through any mechanism.

Additional funds for conference travel and research support are available through the following mechanisms:

Friends of the Waisman Center: Travel and coursework funding is available via application through
the Friends of the Waisman, a nonprofit organization dedicated to enhancing research activities at the
Waisman Center. Conference poster printing is free for trainees of the Waisman Center through this
organization.

ASHFoundation New Investigators Research Grant (Pl: Long): | received a highly competitive
American-Speech-Language-Hearing-Foundation New Investigators Research Grant of $10,000 in
2022. This award provides seed grant funding for a one-year project period, December 2022 to
December 2023. This project period encompasses a portion of the proposed project period. This award
is currently used to purchase equipment and to fund student research assistant coding at $13/hour from
July-December 2023 (overlapping periods of TL1 and grant project period). These funds are not
allowed to be used for conference travel.

RO1 funding for conference travel (Pl: Hustad): Dr. Hustad (Primary Mentor) is Pl or Co-PI on three
RO1 grants that fund WISC laboratory activities. These grants will support student research assistant
funding as needed after the ASHFoundation Research Grant project period ends (January-June 2024).
These grants can be used to support conference travel, including for attending and presenting at the
Motor Speech Conference.

Hustad RO1 details

Funding Source | Project Title PD/PI Dates Award Amount

NIDCD Differential diagnosis of functional 2016-23

R0O1 DC015653 speech deficits in children with CP Hustad (no cost ext.) $1,562,493

NIDCD Communication development in

RO1 DC009411 | children with CP Hustad ) 2008-23 $2,087,403
Quantifying articulatory

NIDCD performance in children with Hustad/

RO1 DC019645 dysarthria: Development of an Berisha 2022-27 $2,324,243
automated metric for clinical use
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UW ICTR TL1 Postdoctoral Trainee Program

Please name up to 4 mentors, the first of which must be UW faculty.

Primary UW faculty mentor information

Name Katherine C. Hustad

Degree(s) PhD, CCC-SLP

Position Professor

School Waisman Center; Department of Communication Sciences and Disorders

Email Address kchustad@wisc.edu

Telephone (w/ area code) _(608) 265-9977

Description of completed faculty mentor training (NMRN, U Minnesota or any other NIH
Mentor Training)

Date of completion of faculty mentor training (Anticipated) _6/30/2024

Secondary mentor information (If applicable)

Name Kate Bunton (Significant contributor: Acoustic consultant)

Degree(s) _PhD, CCC-SLP

Position Associate Professor

School University of Arizona, School of Communication Sciences and Disorders

Email Address bunton@arizona.edu

Telephone (w/ area code) _520-621-2210

Description of completed faculty mentor training (NMRN, U Minnesota or any other NIH
Mentor Training)

Date of completion of faculty mentor training (Anticipated) n/a; consultant
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UNIVERSITY OF WISCONSIN-MADISON

Tertiary mentor information (If applicable)

Name Tristan J. Mahr (Significant contributor: Statistical consultant)

Degree(s) _PhD

Position Data Scientist Il

School Waisman Center

Email Address tristan.mahr@wisc.edu

Telephone (w/ area code) _608-263-5822

Description of completed faculty mentor training (NMRN, U Minnesota or any other NIH
Mentor Training)

Date of completion of faculty mentor training (Anticipated) n/a; consultant

Quaternary mentor information (If applicable)

Name n/a

Degree(s)

Position

School

Email Address

Telephone (w/ area code)

Description of completed faculty mentor training (NMRN, U Minnesota or any other NIH
Mentor Training)

Date of completion of faculty mentor training (Anticipated)
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BIOGRAPHICAL SKETCH

Provide the following information for the Senior/key personnel and other significant contributors.
Follow this format for each person. DO NOT EXCEED FIVE PAGES.

NAME: Kate Bunton, PhD, CCC-SLP

eRA COMMONS USER NAME (credential, e.g., agency login): bunton

POSITION TITLE: Associate Professor, Department of Speech, Language, and Hearing Sciences

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing,
include postdoctoral training and residency training if applicable. Add/delete rows as necessary.)

INSTITUTION AND LOCATION DEGREE ComD';'t‘Zt'O" FIELD OF STUDY

University of lowa BS 12/1990 Speech and Hearing
Science

University of Wisconsin-Madison MS 8/1993 Communication
Disorders

University of Wisconsin-Madison PhD 5/1999 Communication
Disorders

University of Arizona postdoc 8/2002 Speech and Hearing
Science

A. Personal Statement

I have the expertise, training, and motivation necessary to successfully support Dr. Long in conducting the
proposed project examining the relationship between perceptual and acoustic measures in vocal production in
infants. My expertise relates to vocal and speech production, specifically, the acoustic, aerodynamic, and
articulatory (kinematic) study of production in infants as young as 4 months of age. As a co-PI or co-
Investigator on several NIH and NSF funded grants, | have focused on understanding how the articulatory
(movements of the tongue, lips, etc.), aerodynamic (air pressures and flows), and acoustic (sound) elements of
the vocal tract affect speech sound production, and thus, intelligibility across the lifespan. | have successfully
administered research protocols, collaborated, and produced over 34 peer-reviewed publications from each of
these funded projects. The goal of my research is to develop a model that explains mechanisms underlying
speech intelligibility deficits in children at risk for neuromotor impairment, which falls directly in line with the
aims of Dr. Long’s proposal. Also, the proposed research builds on my work documenting the development of
early vocal and speech production in healthy infants and young children. Specifically, a primary arm of my
research has sought to identify perceptual and acoustic correlates of velopharyngeal closure in real words
versus infant babble. My experience and expertise in this area can directly support the proposed work
characterizing of acoustic features in infant vocalizations. | am also a certified speech pathologist (25+years)
with experience working clinically as part of an early intervention and cleft palate team. Thus, | am enthusiastic
to support Dr. Long and provide expert consultation for her to learn acoustic measurements to support her
clinical research with clearly defined implications for diagnosis and early intervention in developmental
disabilities like cerebral palsy.

Citations:

a. Story BH, Bunton K. (2015). Formant measurement in children's speech based on spectral filtering.
Speech Communication, 76, 93-111. doi: 10.1016/j.specom.2015.11.001. PubMed PMID: 26855461
PubMed Central PMCID: PMC4743040.

b. Bunton K, Story BH. (2016). Arizona Child Acoustic Database Repository. Folia Phoniatr Logo, 68(3),
107-111. doi: 10.1159/000452128. Epub 2016 Oct 27. PubMed PMID: 27784009





c. Story BH, Bunton K. (2017). An acoustically-driven vocal tract model for stop consonant production.
Speech Communication, 87, 1-17. doi: 10.1016/j.specom.2016.12.001. Epub 2016 Dec 9. PubMed
PMID: 28093574; PubMed Central PMCID: PMC5234468.

d. Story BH, Bunton K. (2017). Vowel space density as an indicator of speech performance. J Acoust
Soc Am, 141(5), EL458. doi: 10.1121/1.4983342. PubMed PMID: 28599542; PubMed Central PMCID:
PMC5724721.

B. Positions, Scientific Appointments, and Honors
Positions and Scientific Appointments

2022-Present Director, Program for Excellence in Teaching and Learning, University of Arizona
2021 - Present  Associate Department Head, Dept of Speech, Language, and Hearing Sciences, Univ. of

Arizona

2021 - Present  Member, Cleft Palate Speech Outcomes Clinical Study Oversight Panel, NIDCR

2019 - 2022 Editor, Journal of Speech, Language, and Hearing Science

2018 - 2020 Guest Editor, American Journal of Speech-Language Pathology

2016 - Present  Director of Graduate Studies, Dept of Speech, Language, and Hearing Sciences, Univ. of
Arizona

2010 - Present  Associate Professor, Dept of Speech, Language, and Hearing Sciences, Univ. of Arizona

2006 - 2010 Assistant Research Scientist, Dept of Speech, Language, and Hearing Sciences, Univ. of
Arizona

2002 - 2006 Assistant Research Scientist, Institute for Neurogenic Communication Disorders, Univ. of
Arizona

2000 - Present  Licensed Speech Language Pathologist, State of Arizona

2000 - 2002 Post-Doctoral Fellow, Institute for Neurogenic Communication Disorders, Univ. of Arizona

1999 - 2000 Research Associate, Waisman Center, University of Wisconsin-Madison

1996 — Present Member, American Cleft Palate-Craniofacial Association

1993 - Present  Clinically Certified Speech Language Pathologist, American Speech, Language, and
Hearing Association

1993 - Present  Member, Speech Communication Technical Committee, Acoustical Society of America

Honors
2022 Teaching and Mentoring Award for Graduate Education, Graduate College, University of Arizona

C. Contributions to Science

1. Computational modeling of acoustic and kinematic movements for speech in children. | use
computational modeling to study how children produce speech during a period of rapid growth, ages 2-
6 years. Although much is known about the acoustic characteristics of children’s speech, there is
comparatively little known about the mechanisms available to a child for producing sounds and how
those mechanisms may differ from those of an adult system. This is a collaborative project with Dr.
Brad Story (Dept of Speech, Language, and Hearing Sciences, University of Arizona). We have
designed a protocol and are beginning longitudinal and cross-sectional data collection from children
ages 2-6 years using a recently acquired a noninvasive 3D motion capture system (NDI Wave). This
system allows for collection of movement data from the tongue, lip, and jaw during speech production.
This new technology is an exciting advance over the more cumbersome and invasive systems used
previously, and allows for studying children’s speech production, which has historically been difficult.
These data will be used to inform and verify modeling efforts. This project is significant, as it will provide
new information about the acoustic, aerodynamic (airflow), and kinematic (movement) factors that
guide speech production development in children.

a. Story BH, Bunton K. (2015). Formant measurement in children's speech based on spectral
filtering. Speech Communication, 76, 93-111. doi: 10.1016/j.specom.2015.11.001. PubMed PMID:
26855461; PubMed Central PMCID: PMC4743040.

b. Bunton K, Story BH. (2016). Arizona Child Acoustic Database Repository. Folia Phoniatr Logo,
68(3), 107-111. doi: 10.1159/000452128. Epub 2016 Oct 27. PubMed PMID: 27784009





c. Story BH, Vorperian HK, Bunton K, Durtschi RB. (2018). An age-dependent vocal tract model for
males and females based on anatomic measurements. J Acoust Soc Am, 143(5), 3079. doi:
10.1121/1.5038264. PubMed PMID: 29857736; PubMed Central PMCID: PMC5966313.

d. Story BH, Bunton K. (2022). Intelligibility of synthetic words generated by transformation of a
sequence of discrete acoustic events into modulation of the vocal tract shape. Paper presented at
the Annual Meeting of J Acoust Soc Am, 152(4), A173. doi: 10.1121/10.0015931.

2. Acoustic correlates of speech intelligibility. A second research project is aimed at building a
comprehensive account of the acoustic correlates of speech intelligibility. In short, the research goal is
to identify those characteristics of the acoustic signal that pose the most difficulties for listeners in
determining a speaker’s intended message. Toward this goal, | am working with a computational
model of speech production to simulate connected speech samples where specific acoustic features
are varied systematically to determine how the changes in acoustics relate to listener identification.
This project is also in collaboration with Dr. Brad Story who developed the model and will provide
information about which changes explain or underlie the identification and intelligibility of speech.

a. Story BH, Bunton K. (2017). An acoustically driven vocal tract model for stop consonant
production. Speech Communication, 87, 1-17. doi: 10.1016/j.specom.2016.12.001. Epub 2016
Dec 9. PubMed PMID: 28093574; PubMed Central PMCID: PMC5234468

b. Story BH, Bunton K. (2017). Vowel space density as an indicator of speech performance. J
Acoust Soc Am, 141(5), EL458. doi: 10.1121/1.4983342. PubMed PMID: 28599542; PubMed
Central PMCID: PMC5724721.

c. Story BH, Bunton K. (2019). A model of speech production based on the acoustic relativity of the
vocal tract. J Acoust Soc Am, 146(4), 2522. doi: 10.1121/1.5127756. PubMed PMID: 31671993;
PubMed Central PMCID: PMC7064311.

d. Story, BH, Bunton, K. (2021). Identification of voiced stop consonants produced by acoustically
driven vocal tract modulations. JASA Express Lett. do0i:10.1121/10.0005917

3. Velopharyngeal development in infants and young children. A third project underway in my
laboratory examines the time course for development of velopharyngeal function in infants and young
children. This work is in collaboration with Dr. Jeannette Hoit (Department of Speech, Language, and
Hearing Sciences, University of Arizona). We have collected longitudinal data on 92 infants beginning
at four months of age and continuing until approximately two years of age using a noninvasive
aerodynamic (airflow) approach. Preliminary data analysis shows significant individual variability in
closure that may be related to acquisition of specific speech sounds and different syllable shapes. This
dataset is being used to identify reliable to identify reliable acoustic and perceptual correlates of
velopharyngeal status and has implications for development of clinical tools that could be used to
identify the presence of velopharyngeal difficulties in infants and young children.

a. Bunton K, Hoit JD, Gallagher K. (2011). A simple technique for determining velopharyngeal
status during speech production. Seminars in Speech and Language, 32(1), 69-80. doi:
10.1055/s-0031-1271976. PubMed PMID: 21491360; PubMed Central PMCID: PMC3957481.

b. Bunton K. (2015). Effects of nasal port area on perception of nasality and measures of nasalance
based on computational modeling. Cleft Palate Craniofacial Journal, 52(1),110-4. doi: 10.1597/13-
126. PubMed PMID: 24437587; PubMed Central PMCID: PMC4440335.

c. Bunton K, Hoit JD. (2018). Development of Velopharyngeal Closure for Vocalization During the
First 2 Years of Life. J Speech Lang Hear Res, 61(3), 549-560. doi: 10.1044/2017_JSLHR-S-17-
0208. PubMed PMID: 29490338; PubMed Central PMCID: PMC6195065.

d. Bunton, K. (2018). Update on Velopharyngeal Closure in Young Children. Perspect ASHA Spec
Interest Groups, 3(5), 4-12. doi: 10.1044/persp3.sig5.4

Complete List of Published Work in MyBibliography:
https://www.ncbi.nlm.nih.gov/myncbi/ld1llzsuHgFX5G/bibliography/public/




https://www.ncbi.nlm.nih.gov/myncbi/1d1lzsuHgFX5G/bibliography/public/
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Provide the following information for the Senior/key personnel and other significant contributors.
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NAME: Mahr, Tristan Jay

eRA COMMONS USER NAME (credential, e.g., agency login): jimahr

POSITION TITLE: Assistant Scientist

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing,
include postdoctoral training and residency training if applicable. Add/delete rows as necessary.)

DEGREE Completion
(if Date FIELD OF STUDY

INSTITUTION AND LOCATION applicable) MM/YYYY

University of Wisconsin—Madison B.S. 05/2009 Linguistics

University of Wisconsin—Madison M.S. 12/2013 Speech Language
Pathology

University of Wisconsin—Madison Ph.D. 08/2018 Communication

Sciences and Disorders
A. Personal Statement

I have the skills and expertise to consult with Dr. Long on the statistical analyses involved in her research
proposal. | support Dr. Hustad’s lab as a data scientist. | prefer this title because it speaks to three
competencies that | will use to support this project: 1) domain knowledge about speech science and
developmental phonetics, 2) statistical modeling of longitudinal and linguistic data, and 3) programming and
reproducible research. In the past four years with Dr. Hustad, | have developed software and integrated tools
from data science and corpus phonetics to process thousands of speech samples from hundreds of children. |
then implemented the statistical analyses of these speech samples, leading to our prominent publications
about the development of intelligibility in typically developing children and children with cerebral palsy, and the
development of articulation rate in typically developing children. These analyses use sound, sophisticated
techniques for modeling change over time, handling repeated measures within children. and estimated clinical
variability in children. These techniques include generalized additive models, nonlinear and linear mixed effects
models, and Bayesian regression models. | am a strong proponent of reproducible research with dynamic
documents. For example, if | change one articulation rate measurement for one child in that project, then the
data reduction, statistical analyses, manuscript prose and downstream research results are automatically
regenerated. | am well-equipped to support Dr. Long successfully learn and conduct methods to be used in her
proposal.

B. Positions, Scientific Appointments, and Honors

Positions and Scientific Appointments

2018 — Present  Assistant Scientist, Wisconsin Intelligibility, Speech, and Communication Lab [RO1-
DC009411, R01-DC015653], UW-Madison

2015 - 2018 Research Assistant, Little Listeners Lab [R0O1DC012513, PI: Ellis-Weismer] UW-Madison

2013 - 2015 Research Assistant, Learning to Talk Lab [R01-DC002932, PI: Ellis-Weismer], UW-Madison

2013 - 2014 Speech-Language Diagnostician, Middleton Cross Plains School District, Middleton, WI

Honors





2019 Meritorious poster, American Speech, Language, and Hearing Association Annual
Convention. Awarded to Katherine Hustad, Tristan Mahr, & Phoebe Natzke for “Speech
Intelligibility Acquisition in 3-year-old Typically Developing Children”. November, 2019.

2017 - 2018 Supported by NIH Training Grant to Susan Ellis-Weismer: T32-DC5359, Interdisciplinary
Research in Speech—-Language Disorders.

2016 Jean Berko Gleason Award for highest scored student submission at the 41st Boston
University Conference on Language Development.

2013 - 2015 Supported by NIH Training Grant to Maryellen MacDonald: T32-HD049899, Training
in Language: Acquisition and Adult Performance.

2012 Students Preparing for Academic-Research Careers (SPARC) Award. Given by the
American Speech-Language-Hearing Association.

C. Contributions to Science

1. Speech intelligibility and speech rate in children with and without cerebral palsy

In Dr. Hustad’s lab, | have carried out the analysis of speech intelligibility and speech rate data for children with
cerebral palsy (longitudinally) and children who are typically developing (cross-sectionally). | bring innovative
statistical methods to bear on these datasets including nonlinear mixed models and flexible spline models for
growth trajectories. One recent work showed a Bayesian framework for clinical forecasting by simulating
plausible development trajectories based off a single assessment. Child speech is highly variable but |
embrace the richness of these data.

a. Mabhr, T. J., Soriano, J. U., Rathouz, P. J., & Hustad, K. C. (2021). Speech development between 30 and
119 months in typical children II: Articulation rate growth curves. Journal of Speech, Language, and
Hearing Research, 64(11), 4057-4070.

b. Hustad, K. C., Mahr, T. J., Natzke, P., & Rathouz, P. J. (2021). Speech Development Between 30 and 119
Months in Typical Children I: Intelligibility Growth Curves for Single-Word and Multiword Productions.
Journal of Speech, Language, and Hearing Research, 64(10), 3707-3719.

c. Mabhr, T. J., Rathouz, P. J., & Hustad, K. C. (2020). Longitudinal Growth in Intelligibility of Connected
Speech From 2 to 8 Years in Children With Cerebral Palsy: A Novel Bayesian Approach. Journal of
Speech, Language, and Hearing Research, 63(9), 2880-2893.

d. Hustad, K. C., Mahr, T. J., Broman, A. T., & Rathouz, P. J. (2020). Longitudinal Growth in Single-Word
Intelligibility Among Children With Cerebral Palsy From 24 to 96 Months of Age: Effects of Speech-
Language Profile Group Membership on Outcomes. Journal of Speech, Language, and Hearing Research,
63(1), 32-48.

2. Development of word recognition in toddlers and preschoolers

My graduate research focused on studying word recognition in young children. These are data-intensive and
statistically rich projects. In these experiments, we present an array of images on a screen, play a prompt to
view one of the images (e.qg., find the dog), and use eyetracking to record the child’s gaze over time. That time-
series data of how a child’s gaze changes in response to speech measures word recognition. If we manipulate
what the child sees or hears, we can study when or whether listeners integrate information during word
recognition. The main finding of my research is that children act a lot like adult listeners, using information
when it becomes available but they are more slow and less reliable, and that there is developmental continuity
in word recognition from toddlerhood to adulthood. (That is, adults do not have any special skills compared to
children; they just more developed lexicons.) To investigate these data, which deal with time-series during a
trial and longitudinally, | had to work with a number of statistical approaches including mixed models,
generalized additive models, nonlinear growth curve models, and Bayesian versions of these models.

a. Mabhr, T. J. (2018). The development of word recognition in preschoolers. (Doctoral dissertation). University
of Wisconsin—Madison.

b. Mahr, T. J., & Edwards, J. R. (2018). Using language input and lexical processing to predict vocabulary
size. Developmental Science. 10.1111/desc.12685.

c. Law, F., Il, Mahr, T. J., Schneeberg, A., & Edwards, J. R. (2016). Vocabulary size and auditory word
recognition in preschool children. Applied Psycholinguistics. 10.1017/S0142716416000126.





d. Mahr, T.J., McMillan, B. T. M., Saffran, J. R., Ellis Weismer, S., & Edwards, J. R. (2015). Anticipatory
coarticulation facilitates word recognition in toddlers. Cognition, 142, 345-350.
10.1016/j.cognition.2015.05.009.

3. Open-source statistical computing

My most impactful work, in terms of reach, is in open-source statistical computing. For instance, | am a
coauthor of bayesplot R package, a library for visual diagnostics of Bayesian statistical models that receives
15,000 monthly downloads. | have written code tutorials on mixed-effects models and Bayesian regression
models with thousands of reads as well. | have developed an interactive dashboard for computing intraclass
correlations for estimating interrater reliability (ICCBot). | also have developed several “glue” packages. This is
software that helps data flow through a scientific workflow. For example, | have written or contributed to R
packages for cleaning data from Praat textgrids, E-Prime experiments, LENA time-series files, and iCoder and
Tobii eyetracking files. These tools are open-source and used by a number of labs.

a. Mabhr, T. J., Berisha, V., Kawabata, K., Liss, Julie, & Hustad, K. C. (2021). Performance of Forced-
Alignment Algorithms on Children’s Speech. Journal of Speech, Language, and Hearing Research.
10.1044/2020_JSLHR-20-00268.

b. Geller, J., Winn, M. B., Mahr, T., & Mirman, D. (2020). gazeR: A Package for Processing Gaze Position
and Pupil Size data. Behavior Research Methods. 10.3758/s13428-020-01374-8.
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A. Personal Statement

My role in the project is study is to mentor to Dr. Long as the Primary Mentor of her proposal and support her
training in clinical and translational research to develop skills as an independent investigator. | have been a
Professor of Communication Sciences and Disorders at the University of Wisconsin — Madison and an Investi-
gator at the Waisman Center for 20 years. | also have experience as a clinical speech-language pathologist,
serving children and adults with heurogenic communication disorders. My ongoing research program includes
a large longitudinal project focused on speech and language development in children with cerebral palsy. We
have followed the same cohort of children for 16 years. My ongoing research seeks to characterize changes in
speech production features, speech intelligibility, language/cognition, and functional communication and iden-
tify early predictors of later outcomes that can be used to guide intervention decision-making. A primary goal is
to generate theoretically driven, data-based longitudinal models of speech and language development that can
be used to create and test clinical treatments, with the long-term goal of enhancing developmental trajectories
and communication outcomes for children with cerebral palsy and other neurodevelopmental disabilities.

Dr. Long’s research dovetails nicely with my own work in that her proposed studies address the predictive
nature of early vocal and speech development in children with CP. However, the proposed research is fun-
damentally different in that it aims to examine pre-cursors to the production of spoken words, specifically
very early vocal development as a means of identifying delays in speech motor development even before
first words are expected. Dr. Long will use data from my lab, which was collected to study speech intelligi-
bility. However, she will analyze these data in novel ways that have not been previously examined, in an
effort to identify speech deficits at earlier ages than have ever been studied in CP. Dr. Long will conduct the
proposed studies in my lab. She has full access to all of the resources of the Waisman Center and of my
laboratory for this project.

| want to highlight the following ongoing and recently completed projects (past three years):

NIH, NIDCD R01DC019645 Hustad & Berisha (MPI) 05/01/2022 — 04/30/2027
Title: Quantifying articulatory performance in children with dysarthria: Developing an automated metric for clini-
cal use

Goal: To refine and test an automated tool for measuring speech sound development in children that will allow

us to determine which speech sounds make the largest contribution to speech intelligibility for children at differ-
ent ages

Role: PI

NIH, NIDCD R01DC009411 Hustad KC (PI) 06/01/2008 — 05/31/2023
Title: Communication Development in Children with Cerebral Palsy

Goal: To validate a longitudinal speech and language classification model for children with cerebral palsy by
measuring how quickly and in what ways speech and language change as children grow and develop.

Role: PI





NIH, NIDCD R01DC015653 Hustad KC (PI) in no cost extension 07/08/2016 — 06/30/2023
Title: Differential Diagnosis of Functional Speech Deficits in Children with Cerebral Palsy

Goal: To develop empirically based, developmentally sensitive standards that allow us to differentiate between
children with typical and atypical speech motor abilities between the ages of 3-7 years.

Role: PI

Citations:

1. Allison KM, & Hustad KC. Acoustic Predictors of Pediatric Dysarthria in Cerebral Palsy. J Speech
Lang Hear Res. 2018 Mar 15;61(3), 462—-478. PMID: 29466556; PMCID: PMC5963041

2. Hustad KC, Sakash A, Natzke P, Broman AT, & Rathouz PJ. Longitudinal Growth in Single Word
Intelligibility Among Children With Cerebral Palsy From 24 to 96 Months of Age: Predicting Later
Outcomes From Early Speech Production. J Speech Lang Hear Res. 2019 Jun 19;62(6):1599-
1613. PMID: 31112444; PMCID: PMC6808366

3. Mahr TJ, Rathouz PJ, & Hustad KC. Longitudinal Growth in Intelligibility of Connected Speech
From 2 to 8 Years in Children With Cerebral Palsy: A Novel Bayesian Approach. J Speech Lang
Hear Res. 2020 Sep 15;63(9):2880-2893. PMID: 32783783; PMCID: PMC7890228

4. Hustad KC, Mahr T, Natzke P, & Rathouz PJ. Development of Speech Intelligibility Between 30
and 47 Months in Typically Developing Children: A Cross-Sectional Study of Growth. J Speech
Lang Hear Res. 2020 Sep 15;63(9):2880-2893. PMID: 32783783; PMCID: PMC7839034

B. Positions, Scientific Appointments, and Honors

Positions and Scientific Appointments

2020 — 2023 Editor in Chief, American Journal of Speech Language Pathology
2021 Ad hoc reviewer, Social & Developmental Aspects of Children's and Youth's Health commit-

tee, Canadian Health Institutes

2019 Editor, American Journal of Speech Language Pathology
2016 — 2019 Chair, Department of Communication Sciences and Disorders, University of Wisconsin — Mad-

ison, Madison WI

2013 — present Professor, Department of Communication Sciences and Disorders, University of Wiscon-

sin - Madison, Madison WI

2012 - 2016 Standing panel member, Communication Disorders Review Committee, NIDCD, NIH.
2012 - 2016 Associate Chair, Department of Communication Sciences and Disorders, University of Wis-

consin - Madison, Madison WI

2012 - 2014 Member, Research and Scientific Affairs Committee, American Speech, Language, and Hear-

ing Association

2011 - 2018 Co-Director, Clinical Translational Core, Waisman Center, University of Wisconsin — Madison,

Madison WI

2010 - 2015 Director of Research and Education, Communication Aids and Systems Program, Waisman

Center, University of Wisconsin - Madison, Madison WI

2010 - 2011 Ad Hoc Reviewer, Communication Disorders Review Committee, NIDCD, NIH.
2009 - 2013 Associate Professor, Department of Communication Sciences and Disorders, University of

Wisconsin - Madison, Madison WI

2009 - 2013  Associate Editor, Journal of Speech, Language, and Hearing Research

2008 — present Fellow, American Academy for Cerebral Palsy and Developmental Medicine

2007 — 2015 Associate Editor, Augmentative and Alternative Communication

2005 - present Ad Hoc Reviewer, National Institutes of Health (6/2005, ZDC1 SRB-Y), (6/2010, CDRC),

(10/2010, CDRC), (2/2011, CDRC), (6/2011, SEP ZDC1 SRB-L), (11/2011, SEP ZDC1 SRB-
Y), (1/2012, SEP ZDC1 SRB-Y), (6/2012, CDRC) (7/2016, JUL SEP), (06,2021 CDRC)

2003 — present Investigator, Waisman Center, University of Wisconsin — Madison, Madison, WI
2003 — 2009 Assistant Professor, Department of Communication Sciences and Disorders, University of

Wisconsin — Madison, Madison WI

2000 - 2003 Assistant Professor, Department of Communication Sciences and Disorders, The Pennsylva-

nia State University, University Park, PA.





1996 — 1999  Clinical Instructor, Barkley Memorial Speech, Language, and Hearing, Clinic, University of Ne-
braska, Lincoln, NE.

1994 — 1996 Speech-Language Pathologist, Communication Aids and Systems Clinic, University of Wis-
consin Hospitals and Clinics, Madison, WI.

1993 — 1994 Speech-Language Pathologist, Children's Seashore House, Philadelphia, PA.

1992 — present Certificate of Clinical Competence, American Speech-Language-Hearing Association

1992 — 1993 Speech-Language Pathologist, Community Services for Autistic Adults and Children, Rockville,

1990 — present
1990 — present
1990 — present

MD.

Member, International Society for Augmentative and Alternative Communication
Member, United States Society for Augmentative and Alternative Communication
Member, American Speech-Language-Hearing Association (ASHA)

Honors

2019 Editor's Award for Article of Highest Merit, Journal of Speech, Language, and Hearing Re-
search (Speech section). Awarded to Kristen Allison and Katherine Hustad for "Acoustic Pre-
dictors of Pediatric Dysarthria in Cerebral Palsy," published March 2018

2019 Meritorious poster, American Speech, Language, and Hearing Association Annual Conven-
tion. Awarded to Katherine Hustad, Tristan Mahr, & Phoebe Natzke for "Speech Intelligibility
Acquisition in 3-year old Typically Developing Children". November, 2019.

2018 Distinguished Honors Faculty Award, University of Wisconsin — Madison, Madison, WI.

2015 Fellow, American Speech, Language, and Hearing Association.

2014 Meritorious poster, American Speech, Language, and Hearing Association Annual Conven-
tion. Awarded to Meghan Darling-White, Ashley Oakes, and Katherine Hustad for "Charac-
teristics of speech rate in children with cerebral palsy: A longitudinal study."” November, 2014.

2008 National Student Speech, Language, and Hearing Association (UW-Madison chapter), Profes-
sor of the Year, Madison, WI.

2003 International Society for Augmentative and Alternative Communication Editor's Award for the

most significant research article in Augmentative and Alternative Communication, "Improving
Intelligibility of Speakers with Profound Dysarthria and Cerebral Palsy."

C. Contributions to Science

Cl.Tested efficacy of interventions for improving speech intelligibility in individuals with dysarthria.
My earliest research focused on testing the efficacy and effectiveness of augmentative and alternative
communication (AAC) interventions for enhancing speech intelligibility in individuals with dysarthria and
CP. Early R0O3 funding supported this work which focused specifically on examining the effects of speech

supplementation strategies (e.g., topic cues, alphabet cues, and combined topic and alphabet cues) on in-
telligibility. These studies impacted the field in that they demonstrated very clearly that intelligibility gains of
up to 40% could be achieved with AAC interventions that supplement speech. Studies also showed that
specific changes to speech production features occurred with the implementation of alphabet supplementa-
tion (e.g., increased interword pauses, expanded vowel space areas) and that these changes accounted
for the observed intelligibility enhancements. More recently, we have begun examining the effects of
speech supplementation strategies on children's speech. Representative publications from this research
are as follows:

a. Hustad KC. Unfamiliar listeners' evaluation of speech supplementation strategies for improving
the effectiveness of severely dysarthric speech. Augmentative and Alternative Communication.
2001;17(4):213-220.

b. Hustad KC. Jones T, & Dailey S. Implementing speech supplementation strategies: Effects on
intelligibility and speech rate of individuals with chronic severe dysarthria. J Speech Lang Hear
Res. 2003 Apr;46(2):462-74. PMID: 14700386

c. Hustad KC & Lee J. Changes in speech production associated with alphabet supplementa-
tion. J Speech Lang Hear Res. 2008 Dec;51(6):1438-50. DOI: 10.1044/1092-4388(2008/07-
0185). PMID: 18664687.

d. Sakash A, Mahr TJ, Natzke P, & Hustad KC. Effects of Rate Manipulation on Intelligibility in
Children with Cerebral Palsy. Am J Speech Lang Pathol. 2020 Feb 7;29(1):127-141.





PMID: 31869242; PMCID: PMC7231911

C2.Developed classification paradigm for communication abilities in children with cerebral palsy.
Through my early work on adults with CP, | became interested in the course of development leading to
adult outcomes. This interest led to a shift in my research program, initially fostered by a K23 award, to a
focus on speech and language development in children with CP. Because children with CP are extremely
heterogeneous and very little work addressed communication development in this population, my group
began a longitudinal study that focused on developing a classification paradigm specific to communication
abilities. Our communication classification model was developed using empirical data from children (at four
years of age) with CP. Our current RO1, in its third funding cycle, focuses on examining/expanding that
model in a longitudinal developmental context, examining children through the age of 15. To date, our work
has validated the profile group model, demonstrated that younger children (at two years of age) require
special consideration and a different type of classification paradigm owing to developmental constraints
and that our classification model is superior to two other communication classification paradigms that were
recently developed with regard to comprehensiveness of constructs captured and reliability. Representative
publications from this research are as follows:

a. Hustad KC, Gorton K, & Lee J. Classification of speech and language profiles in 4-year-old chil-
dren with cerebral palsy: a prospective preliminary study. J Speech Lang Hear Res. 2010
Dec;53(6):1496-513. PMID: 20643795; PMCID: PMC2962882

b. Hustad KC, Allison K, McFadd E, & Riehle K. Speech and language development in 2-year-old
children with cerebral palsy. Dev Neurorehabil. 2014 Jun;17(3):167-75. PMID: 23627373,
PMCID: PMC3732544

c. Hustad KC, Oakes A, McFadd E, & Allison KM. Alignment of classification paradigms for com-
munication abilities in children with cerebral palsy. Dev Med Child Neurol. 2016 Jun;58(6):597-
604. PMID: 26521844; PMCID: PMC4853292

d. Allison KM. & Hustad KC. Data-Driven Classification of Dysarthria Profiles in Children With Cer-
ebral Palsy. J Speech Lang Hear Res. 2018 Dec 10;61(12):2837-2853. PMID: 30481827,
PMCID: PMC6440310

C3.Developed longitudinal models for predicting speech and language outcomes in cerebral palsy. My
work on classifying speech and language profiles in children with CP also examines change over time.
Specifically, we are investigating growth curves for key speech and language variables to characterize
rates and limits of change. We are also investigating how profile group membership changes over time.
This work has a strong statistical modeling component and includes identification of early predictors of later
outcomes. Results suggest that basic classification profiles shift in early speech and language develop-
ment—from a 3-group classification model to a 4-group model—but that early classification is highly predic-
tive of a later classification group membership. In addition, the age at which children begin speaking is
highly predictive of intelligibility, and a maximum length of utterance at four years. Specifically, children who
are speaking by two years have the best outcomes later in life. In addition, the age at which children cross
a 50% intelligibility threshold is negatively correlated with intelligibility at eight years such that children who
cross the 50% threshold at younger ages have higher intelligibility later in life. Finally, our work to date has
shown that growth in language comprehension development follows two discrete patterns, each of which
comprises a latent class. Children who are unable to speak comprise their own class and show significant
developmental delays in language comprehension growth. Children with CP who can speak (whether dys-
arthric or not) comprise a separate group and show a rate of change over time that does not differ from typ-
ical developmental expectations. Representative publications are as follows:

a. Hustad KC, Allison KM, Sakash A, McFadd E, Broman AT, & Rathouz PJ. Longitudinal devel-
opment of communication in children with cerebral palsy between 24 and 53 months: Predicting
speech outcomes. Dev Neurorehabil. 2017 Aug;20(6):323-330. PMID: 27792399;

PMCID: PMC5409890

b. Hustad KC, Sakash A, Broman AT, & Rathouz PJ. Longitudinal growth of receptive language in
children with cerebral palsy between 18 months and 54 months of age. Dev Med Child Neurol.
2018 Nov;60(11):1156-1164. PMID: 29786137; PMCID: PMC6175617






c. Hustad KC, Mahr TJ, Broman AT, & Rathouz PJ. Longitudinal Growth in Single-Word Intelligi-
bility Among Children with Cerebral Palsy From 24 to 96 Months of Age: Effects of Speech-Lan-
guage Profile Group Membership on Outcomes. J Speech Lang Hear Res. 2020 Jan 7;63(1):32-
48. PMID: 31910070; PMCID: PMC7213485

d. Mahr TJ, Hustad KC. Lexical Predictors of Intelligibility in Young Children's Speech. J Speech
Lang Hear Res. 2023 Jan 10;:1-13. doi: 10.1044/2022_JSLHR-22-00294. [Epub ahead of print]
PubMed PMID: 36626389.

C4. Quantified speech intelligibility development in children with and without dysarthria. An ongoing
focus on speech intelligibility, variables that contribute to it, and its development has paralleled my speech
and language classification work. Our studies examining speech development in young children with CP
have demonstrated that children with different speech profiles have different growth trajectories, that articu-
latory abilities seem to make the most impactful contribution to speech intelligibility, and that intelligibility
scores differentiate between children with dysarthria and typically developing children very accurately at
age 5. Representative publications from this research are as follows:

a. Lee J, Hustad KC, & Weismer G. Predicting speech intelligibility with a multiple speech subsys-
tems approach in children with cerebral palsy. J Speech Lang Hear Res. 2014 Oct;57(5):1666-
78. PMID: 24824584; PMCID: PMC4192090

b. Hustad KC, Sakash A, Broman AT, & Rathouz PJ. Differentiating Typical from Atypical Speech
Production in 5-Year-Old Children With Cerebral Palsy: A Comparative Analysis. Am J Speech
Lang Pathol. 2019 Jul 15;28(2S):807-817. PMID: 31306596; PMCID: PMC6802859

c. Hustad, KC, Mahr, TJ., Natzke, P, & Rathouz, PJ. Speech development between 30 and 119
months in typical children i: Intelligibility growth curves for single-word and multiword produc-
tions. Journal of Speech, Language, and Hearing Research, 2021; 64(10): 3707-3719.
PMCID: PMC9132140

d. Hustad KC, Mahr TJ, Soriano JU, Rathouz PJ. Developmental Cut-Points for Atypical Speech
Intelligibility in Children With Cerebral Palsy. J Speech Lang Hear Res. 2023 Mar 9:1-11. doi:
10.1044/2022_JSLHR-22-00310. Epub ahead of print. PMID: 36892950.

C5.Examined clinical services and interventions for children with neurodevelopmental disabilities. As
part of the study of communication development in children with CP, we have also examined the specific
services children receive through educational and medical interventions. This work has shown that a clear
bias regarding the types of interventions children receive is based on whether they can produce speech or
not, without considering the quality and intelligibility of speech. Specifically, children who could benefit from
the use of assistive technologies (e.g., AAC) and who can produce any speech appear to be systematically
overlooked for interventions focusing on AAC. Ongoing work seeks to track the point at which children are
introduced to AAC and advance professional education regarding the complementary roles of speech and
AAC for fostering functional communication abilities. Representative publications from this research are as
follows:

a. Hustad KC & Miles LK. Alignment between Augmentative and Alternative Communication
Needs and School-Based Speech-Language Services Provided to Young Children with Cere-
bral Palsy. Early Child Serv (San Diego). 2010 Sep 10;4(3):129-140. PMID: 22194705;
PMCID: PMC3243446

b. Smith AL & Hustad KC. AAC and Early Intervention for Children with Cerebral Palsy: Parent
Perceptions and Child Risk Factors. Augment Altern Commun. 2015;31(4):336-50.
PMID: 26401966; PMCID: PMC4628599

c. Koopmans C, Sakash A, Soriano J, Long HL, Hustad KC. Functional Communication Abilities
in Youth With Cerebral Palsy: Association With Impairment Profiles and School-Based Therapy
Goals. Lang Speech Hear Serv Sch. 2022 Jan 5;53(1):88-103. doi: 10.1044/2021 LSHSS-21-
00064. Epub 2021 Nov 12. PMID: 34767477; PMCID: PMC9153917.

Complete list of published work in MyBibliography: https://www.ncbi.nlm.nih.gov/sites/myncbi/kathe-
rine.hustad.1/bibliography/41150556/public/?sort=date&direction=descending
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