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There is a critical need for high-quality clinical outcome assessments to capture the
important aspects of communication ability of individuals with Angelman syndrome
(AS). To center the perspective of caregivers, our team developed the novel Observer-
Reported Communication Ability (ORCA) measure using best practice guidelines, with
the goal of developing a measure that could be administered to caregivers directly
without the need for a certified administrator for use in clinical trials. To refine the draft
measure, we conducted two rounds of cognitive interviews with 24 caregivers and a
quantitative study including 249 caregivers. The results from both studies support the
overall content validity, construct validity, and the reliability of the ORCA measure for
individuals with AS > 2 years old for use in research contexts. Future work should
explore the responsiveness of ORCA measures to changes over time in a diverse
sample.
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ABSTRACT
There is a critical need for high-quality clinical outcome assessments to capture the important

aspects of communication ability of individuals with Angelman syndrome (AS). To center the
perspective of caregivers, our team developed the novel Observer-Reported Communication
Ability (ORCA) measure using best practice guidelines, with the goal of developing a measure
that could be administered to caregivers directly without the need for a certified administrator for
use in clinical trials. To refine the draft measure, we conducted two rounds of cognitive
interviews with 24 caregivers and a quantitative study including 249 caregivers. The results from
both studies support the overall content validity, construct validity, and the reliability of the
ORCA measure for individuals with AS >2 years old for use in research contexts. Future work

should explore the responsiveness of ORCA measures to changes over time in a diverse sample.
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Validation of the Observer-Reported Communication Ability (ORCA) Measure for Individuals with
Angelman Syndrome

Angelman syndrome (AS) is a rare, neurodevelopmental disorder that significantly impacts the
quality of life of the individual and their family through deficits in a number of areas, including
communication (Wheeler, Sacco, & Cabo, 2017). For individuals with AS, communication is
characterized by minimal to no speech production, limited expressive vocabulary, and greater
receptive versus expressive language ability (N. Jolleff & Ryan, 1993; Keute et al., 2020;
Pearson, Wilde, Heald, Royston, & Oliver, 2019; Penner, Johnston, Faircloth, Irish, & Williams,
1993). Individuals with AS generally use a wide variety of communication modalities including
non-symbolic (gestures, vocalizations, physical manipulation of others), symbolic (signs,
speech), and low- and high-tech augmentative and alternative communication (AAC) devices
(Pearson et al., 2019). As a primary domain of daily functioning, communication is extremely
important, as it directly impacts quality of life, socialization, safety, caregiving, and clinical care.
Thus, it is not surprising that caregivers of individuals with AS have identified communication as
a key, family-centered indicator of treatment efficacy for clinical trials (Willgoss et al., 2020). It
is also ethically imperative to support the development of children’s ability to communicate
wants, needs, and ideas as effectively and efficiently as possible (Sigafoos et al., 2000). This
includes requesting, refusing, understanding others, and connecting with people in their

environment.

Existing communication measures have rigorous validity evidence in certain contexts, however,
none were developed using input from caregivers and families of individuals with AS and most
require a trained clinician to administer and interpret scores. Although useful for their
standardization and normative data, assessments designed primarily for identifying

developmental delays and guiding clinicians in developmental care plans leave many individuals
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with AS scoring at the floor of these measures, masking meaningful changes in communication
ability (see Keute et al, 2020 for an illustrative example). Additionally, individuals with AS
function poorly in unknown environments with strangers due to dyspraxia/apraxia (Greico, Bahr,
Schoenberg, et al, 2016) and a focus on verbal speech does not cover the different modalities
utilized by these individuals; thus even a well-administered ClinRO or PerfO measure is unlikely
to completely capture communication ability in individuals with AS (Grieco et al, 2018; Penner
et al., 1993; Cousins & Smyth, 2005). Thus, the field could benefit from the addition of a high
quality caregiver-reported measure of communication ability for use alongside other clinician-
reported outcome (ClinRO) and performance based outcome (PerfO) measures. Ideally, the
content of this measure would focus on meaningful and relevant aspects of an individual’s
communication ability from the perspective of the family, be sensitive enough to detect change

over time, and allow for independent administration via caregiver self-report.

To meet this need, our team developed the Observer-Reported Communication Ability (ORCA)
measure for the AS population using best practice guidelines provided by the FDA, ISPOR,
ISOQOL, PROMIS, and other organizations (DeWalt, Rothrock, Yount, & Stone, 2007; US.
Food & Drug Administration, 2009; Reeve et al., 2013; Rothman et al., 2009). The first step in
this process was to conduct concept elicitation interviews with relevant stakeholders to identify
the important components of communication and identify the language caregivers’ use when
describing their child’s communication. We integrated this qualitative data from caregivers of
individuals with AS and clinicians, including speech-language pathologists (SLPs), who have
experience working with these families, to draft the ORCA measure. The goal of this manuscript

is to evaluate the content validity and psychometric properties of the draft ORCA measure in a
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sample of caregivers of individuals with AS through two phases: cognitive interviewing and a
cross-sectional validation study. We used cognitive interviewing (commonly called ‘debriefing’)
to ensure appropriateness of the items and coverage of the important aspects of the construct (in
this case ‘communication ability’; Willis, 2005) and to ensure understanding of all components
on the measure (e.g., instructions, items, response options, and recall period; Patrick et al., 2011).
Our cross-sectional study was designed to quantitatively evaluate the psychometric properties of
the measure, including reliability and construct validity (via comparing the ORCA scores to
scores with other caregiver-reported measures). Our core study team included measurement
methodologists and SLPs, and we were guided by parents and relatives of children with AS via
active engagement in regular research team meetings. These individuals are also listed authors on
this publication (A.B., J.P., & P.E). The overall goal of our work is to design a caregiver-
reported measure that can be used in longitudinal research studies to examine an individual’s

change over time in communication ability.

Methods

Experimental Design

Following established guidelines for developing clinical outcome assessments (Reeve et al.,
2013; U. S. FDA, 2006), we conducted a two-phase exploration of the psychometric properties
of the novel ORCA measure. Phase 1 involved cognitive interviewing with caregivers of children
with AS to support content validity (Mokkink, Terwee, Patrick, et al., 2010), and Phase 2

involved a quantitative psychometric evaluation to provide evidence of construct validity and
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reliability. Both phases were approved by the relevant Institutional Review Board, and the study

conformed to standards in the US Federal Policy for the Protection of Human Subjects.

The Observer-Reported Communication Ability (ORCA) measure

The ORCA measure is a novel measure designed to assess a child’s typical communication
ability over the past 30 days from the perspective of their primary caregiver. The ORCA measure
includes concepts across expressive, receptive, and pragmatic forms of communication (Table 1).
The measure was designed to be completed by a caregiver independently, without the need for a
trained administrator present (e.g., SLP or other clinician). The initial content was based off of
qualitative interviews with caregivers and clinicians (reference companion article) and published
work in early communication development (Oller, Eilers, Neil, et al. 1999; Kaiser & Roberts,
2011; Beuker, Rommelse, Donders, et al., 2013), supporting the meaningfulness and relevance to

families.

Prior to cognitive interviewing, the initial version of the ORCA measure consisted of 80
questions/items and the recall period was “currently.” ltems were organized into communication
concepts (e.g., refusal, requesting, responding to their name) and asked about observable
communication behaviors that were identified by caregivers in the concept elicitation study. This
‘concept by behavior’ structure is similar to other existing measures of communication ability
(e.g. The Communication Matrix, designed for clinical care contexts, Quinn & Rowland, 2017;
Rowland & Fried-Oken, 2010). Draft response options were developed from the language
caregivers used in concept elicitation interviews when describing their child’s communication

skills. Please see Table 1 for an example item set for the concept of ‘refusal’.
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A set of communication-specific descriptive items were also collected in tandem to capture
important and detailed information about the individual’s unique ways of communicating,
including their vocabulary within each modality (e.g., gestures/signs, sounds, words/word
approximations, etc.) and complexity of messaging (e.g., combining two symbols together to
communicate one message). Although supported through the initial qualitative work, all of the
aspects on the initial draft version of the ORCA measure (e.g., instructions, item wording,
response options, and recall period) were intended to be evaluated within this study and refined

as needed.

Cognitive Interviewing

Participants and Recruitment

In-depth cognitive interviews were conducted with adult caregivers of individuals with AS who
were able to read, speak, and understand English. Their child had to be at least two years of age
and caregivers had to report molecular confirmation of their child’s diagnosis (e.g., DNA
methylation test, FISH, CGH, or sequencing). Caregivers also had to live with the individual
with AS and reside in the United States. Recruitment of caregivers was stratified by child age,
using categories of 2-7 years, 8-12, 13-17, and >18 years, to ensure representation of
communication ability across the lifespan. We also sought heterogeneity among the caregivers in
terms of their child’s AS genotype: deletion positive, mutation/UBE3A, imprinting center defect
(ICD), or uniparental disomy (UPD). Purposeful sampling was used across genotype to closely
represent the national prevalence (as per Clayton-Smith & Laan, 2003). A recruitment flyer was

posted on the Facebook page of the Foundation for Angelman Syndrome Therapeutics (FAST), a
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patient advocacy organization, and was subsequently circulated within other similar forums

(parent support groups, etc.).

Our team conducted two rounds of cognitive interviewing with 24 caregivers, with 12 in each
round. Interviews were conducted between June and October, 2019. Participants received a $50
gift card for participating. A majority of the caregivers were mothers and white (Table 2), with
an almost even split between male and female individuals with AS. The majority of individuals
with AS had deletion positive genotype (58%), matching national prevalence (Clayton-Smith &

Laan, 2003).

Procedures

Two rounds of cognitive interviewing were performed using retrospective probing techniques (as
described in Willis, 2004; Willis, 2005). The target sample size of 12 caregivers per round (3 per
age group) meets the recommended sample size for cognitive interviewing (Willis, 2004).
Individual interviews were designed to last 60-90 minutes, and were conducted over the phone.
Prior to the interview, study personnel mailed a paper copy of the ORCA measure to the
participant with instructions to wait to complete it until the time of the interview. On the call,
after obtaining verbal consent, trained interviewers began by providing a brief overview of
interview procedures and then asked the participant to complete the ORCA measure. Participants
were instructed to circle any questions or words that were hard to understand and complete the
measure independently. After completing the ORCA measure, the interviewer then used
structured probes to ask about understandability, readability, content, over- and under-

representation of the items, and performance of the overall measure. Interviewers also evaluated
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the appropriateness of the recall period, response options, and instructions. All interviews were
audio recorded and transcribed. Interviewers completed a debriefing form after each interview to

document and summarize main findings.

Between the first and second round of interviews, the updated version of the ORCA measure was
sent to the FACITtrans Company to review the translatability of the measure into different
languages (e.g., Spanish, Chinese). The company provided the study team with a line-by-line
review of the ORCA measure, which included a difficulty rating (O=no issues, 1=minor difficulty
to translate, 2=moderate difficulty, 3=a lot of difficulty, and 4=impossible to translate). For
ratings of 1-3, alternative wordings were provided by the company to improve the likelihood of
success in future language translations. This step is recommended as a way to evaluate if a
measure can be meaningfully translated in the future (Acquadro, Patrick, Eremenco, et al., 2017),

but it is not a full translation process, nor is it a formal evaluation of cross-cultural validity.

Analysis

After each interview, interviewers made note of any problems or issues with the ORCA
measure’s instructions, items, and response options, and documented their impressions in
structured debriefing forms. After the first round of interviews was completed (n = 12), team
members reviewed debriefing forms and subsequently made decisions on what parts of the
ORCA measure required revision. Revisions were discussed among team members, who
included measurement experts, SLPs, and caregivers of children with AS. Items were defined as
being “significantly revised” if their revision involved (1) adding or removing a word(s) that

changed the meaning of a phrase, (2) word substitutions that in the judgment of the investigators
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were more than a semantic simplification, or (3) significant changes to the response options (e.g.,
changing from a severity to a frequency scale). Significant changes made after Round 1
(including those indicated by the translatability review) were evaluated in Round 2, and an item-

tracking matrix was used to capture all revisions and justifications for changes.

Readability. We estimated the reading level of the modified text using online software
(Readable) to obtain the Flesch-Kincaid Grade Level (Kincaid, Fishburne, Rogers, & Chissom,
1975), which provides a numeric score representing ‘readability’ of text that can be interpreted
as the United Stated grade level of education. Consensus is generally that medical materials for
adult patients, including outcome measures, should be targeted to a 6" grade reading level or
below (Eltorai, Ghanian, Adams, Born, & Daniels, 2014; Douglas & Kelly-Campbell, 2018;

Wilson, 2009).

Psychometric Testing

Participants

Eligibility criteria for caregivers enrolled in the psychometric study was the same as for
cognitive interviewing with the additional criteria that the individual with AS in their care had to
be between the ages of 2-40 years old. The age range was broad to encompass communication
abilities from a large group of individuals with AS. Although not specifically recruited,
participants who participated in the previous qualitative work were eligible to participate in this

study.
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The electronic survey was initiated by 295 caregivers of individuals with AS, with 249 having
adequate completeness on their responses on the ORCA measure and thus were included in
analyses. The majority of caregivers were women (88.2%) who were on average 41.6 years old
(Table 2). Individuals with AS ranged in age from 2 to 39 years, were an average age of 10.5
years, and there was representation from all genotypes (Table 2). Caregiver education varied,
with one reporting less than high school diploma (0.4%), 24 reporting high school degree or
equivalent (9.7%), 58 reporting some college/university (23.5%), 105 reporting
college/university degree (42.5%), and 59 reporting a postgraduate degree (23.9%). Family
income also varied; 50 reported annual household income between 0 and $60,000 (20%), 27
between $60,000 and $80,000 (10.8%), 39 between $80,001 and $100,00 (15.7%), 82 between
$100,001 and $250,000 (32.9%), and 26 over $250,000 (10.0%; 23 caregivers chose not to

answer this question; 9.2%).

Procedures

Recruitment was remote and included a web link posted on the patient advocacy organization’s
Facebook page. Interested participants could click on the link and complete the survey via the
Research Electronic Data Capture (REDCap) system. The REDCap survey was active from
December 6, 2019 through January 10, 2020. Participants were not compensated for participating

in this portion of the study.

After providing informed consent, the survey included demographic information from the
caregiver about the individual with AS including seizure activity, recent illness, and

hospitalizations. Participants were asked to enter their email address in order to receive an email
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reminder 5 to 12 days later to complete the ORCA measure a second time (to be used to estimate

test re-test reliability).

Measures

Additional measures were also collected to evaluate construct validity. The Communication and
Symbolic Behaviors Scale DP™ Infant-Toddler Checklist (CSBS; Wetherby & Prizant, 2003;
Wetherby, Allen, Cleary, Kublin, & Goldstein, 2002) was chosen as a corresponding measure of
communication ability. The CSBS was developed as a tool to screen children for delays in early
social communication (Wetherby & Prizant, 2003) and has published support for validity when
used with young children (6-24 months) for this purpose. It was chosen for this study due to its
short length (24 items) and because it was specifically developed for caregivers to complete
independently without a trained administrator present. It was not designed specifically for older
children, however, it does includes non-verbal communication behaviors like gestures, facial
expressions, and positive affect, which are commonly used by individuals with AS. The CSBS
has been previously utilized in AS samples, although published validity evidence has been
quantitative and not focused on content validity (Hamrick & Tonnsen, 2019; Hamrick, Haney,

Kelleher, & Lane, 2020). Higher CSBS scores represent better communication ability.

To further evaluate construct validity, the study team also included measures of mobility (the
PROMIS® Parent Proxy Physical Function—-Mobility 8-item short form; PROMIS-PF; Irwin et
al., 2012) and sleep disturbance (the PROMIS® Parent Proxy Sleep Disturbance 8-item short
form; PROMIS-Sleep; Forrest et al., 2018). We expected a moderate but positive association

between scores on the ORCA and mobility measures. We did not have strong a priori hypotheses
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about the association of sleep and communication, although we expected correlations to be
weaker in magnitude when compared to mobility, and thus, it was considered an ‘exploratory’

indicator. The recall period for both these measures was “the past 7 days”.

Statistical Analyses
We explored structural validity, internal consistency and test-retest reliability, presence of
floor/ceiling effects, known-groups validity, construct validity, and an exploration of potential

minimal clinically important differences. Details for each analysis are described below.

Structural validity. Based on our conceptual framework, we anticipated an overall
communication ability construct that included concepts within expressive, receptive, and
pragmatic forms of communication. Thus, we used confirmatory factor analysis (CFA) for
categorical response data using weighted least squares means and variance adjusted (WLSMV)
estimation (Beauducel & Herzberg, 2006) implemented in MPLUS software [version 8.2]. Fit
statistics were evaluated and included the comparative fit index (CFl; >.95 for very good fit),
Tucker-Lewis Index (TLI; >.95 for very good fit), root mean square error of approximation

(RMSEA, <.06 for very good fit; McDonald, 1999).

Score Distribution and Reliability. Following confirmation of the factor structure, the ORCA
measure was scored based on the caregiver’s assessment of an individual’s ability to “master”
communication behaviors leveled within each of the communication concepts reflective of
expressive (e.g., seek attention), receptive (e.g., making choices), and pragmatic (e.g., greeting)

forms of communication. Mastery was defined as an individual performing the behavior
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frequently and consistently over the past 30 days, aligned with the wording of the response
options and specified recall period. Graded response item response theory (IRT) modeling was
used to calibrate the scale, and the model adjusted for the discrimination and difficulty levels of
the concepts (Samejima, 1969). Thus, IRT modeling was applied to the 23 communication
concepts within the ORCA measure; individual concepts potentially included multiple questions
on the ORCA measure. For example, the concept “Respond to Familiar Directions” includes the
caregiver’s answers t0 four ORCA questions related to their child’s mastery of “stopping”
something (question 17a), following “one-step directions” (question 17b), “two-step directions”
(question 17¢), or “three-step directions” (question 17c¢), all which indicated differing levels of
skill within the concept. IRT scoring used the expected a posteriori (EAP) estimate based on the
response patterns observed in the data, with scores transformed to a T-score metric with mean

50 and standard deviation (SD) of 10.

We reported reliability in terms of: 1) the extent to which the ORCA measures’ IRT-based
information function shows high information across the range of participant scores; 2)
Cronbach’s coefficient alpha for internal consistency (threshold > .70 for group level assessment;
Reeve et al., 2013; Terwee et al., 2007); and 3) test-retest reliability using a two-way mixed
effects model on absolute agreement to calculate interclass correlation coefficients (thresholds of
.70; Koo & Li, 2016). We also evaluated the percent of individuals who scored at the lowest

(floor) and highest (ceiling) possible ORCA score.

Known-groups validity. We examined difference in ORCA score among AS genotypes (deletion

positive, mutation, UPD, and ICD) using a one-way between-group ANOVA and conducted
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pairwise comparisons on group least-square means. We expected individuals with deletion
positive genotype to have lower communication ability scores on the ORCA measure compared
to individuals with other genotypes (Didden, Korzilius, Duker, & Curfs, 2004; Nicola Jolleff,
Emmerson, Ryan, & McConachie, 2006; Keute et al., 2020). We also compared ORCA scores
between individuals with and without seizures using an independent samples t-test. We expected
children that experienced a seizure in the past year to have lower communication ability scores

on the ORCA measure than those who had not.

Age & ORCA scores. To explore the relationship between age and ORCA scores, we estimated
the Pearson correlation coefficient. Our hypothesis was that there would be small to moderate
positive correlations between communication ability and age, as significant variability was
expected in ability across children at similar chronological ages. To further explore score ranges
within age cohorts, we also report mean, standard deviations, and minimum/maximum for

children 2-4 years old, 5 to 12 years old, and 13 to 35 years old.

Construct validity. We estimated Pearson correlations between the ORCA scores and scores on
the CSBS, PROMIS-PF and PROMIS-Sleep. Correlations were classified as: small (0.10-0.29),
moderate (0.30-0.49), strong (0.50-0.69), and very strong (>0.70; J. Cohen, 1992; Jacob Cohen,
2013). We expected the ORCA to have very strong correlations with the CSBS, moderate to

strong correlations with PROMIS-PF, and small correlations with PROMIS-sleep.

Exploration into Minimal Important Differences. We also performed an exploratory analysis of

possible minimal important differences (MID) estimates. Using a distribution-based approach,
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we compared score differences between known groups to standard effect sizes (Cohen’s effect
size between .2 [small] and .5 [moderate]). Although this data is cross-sectional, previous work
suggests that roughly a 2 to 5 point difference (i.e., .2 to .5 SDs) may represent a MID (Norman,
Sloan, & Wyrwich, 2003). Although this provides an initial estimate of potential MIDs that
could be detected, future work using longitudinal data and anchor based methods would be more

appropriate to define what is minimally ‘important’ (de Vet, Terwee, Ostelo, et al., 2006).

Results

Cognitive Interviewing

Round 1

After the first round of cognitive interviewing, data suggested the addition of a more specified
recall period and changes to the response options. Justification around these changes are
discussed below. A detailed description of all modifications made across both rounds of

interviews can be found in Appendix 1.

Recall period. The first version of the ORCA measure purposely did not have any specified
recall period other than “currently” so that interviewers could probe on the period caregivers
automatically used when considering their child’s communication ability. The vast majority of
caregivers reported thinking over a long period of time (a month or more) to reflect ‘typical’
communication. When asked about an appropriate recall period, caregivers reported that one
week of communication would not be the best representation of ability as their child’s

communication could be influenced by changes in routine, illness, or seizure activity. After
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carefully considering characteristics of communication in these individuals, accurate recall, and
potential data collection within a future clinical trial (Norquist, Girman, Fehnel, DeMuro-
Mercon, & Santanello, 2012), the study team decided to set the recall period at 30 days and
evaluate this addition in Round 2. The study team hypothesized that 30 days would be long
enough that someone’s communication would not be completely overwhelmed by short term
issues (e.g. illness), but short enough that the caregiver could accurately recall their child’s

behavior.

Response options. When evaluated in the first round of cognitive interviewing, caregivers
reported interpreting “consistently” in varied ways, with most of them translating them to
frequencies. For example, one participant stated, “I would say [ ‘yes, but not consistently’] if he
grabbed but only some of the time or occasionally....if it’s something their child does every day
or their go-to method, then I would say ‘yes, consistently.”” Based on feedback from caregivers
and through extensive discussions with the study team, the response options were changed to
“No or only once,” “Sometimes,” and “Yes, almost all the time,” and evaluated again in Round
2. These response options were designed to represent skill mastery (“Yes, almost all the time”),
meaning individuals could and did perform the behavior frequently and consistently, and
emerging skills (“sometimes”), meaning individuals may be starting to use these behaviors more

consistently, but not to the same extent as mastered skills.

Translatability review. The final report on the ORCA measure showed no major expected issues
with future language translations; no wording or phrasing were deemed impossible or extremely

difficult to translate. Words deemed “moderately difficult” to translate were changed based on
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the FACITtrans’ recommendations prior to Round 2 of cognitive interviewing so they could be
evaluated. Notable changes included changing all pronouns to the third person singular (e.g.,

from “they” to “he/she”) in items referring to the child.

Round 2

During the second round of cognitive interviewing, interviewers confirmed that questions on the
key concepts (e.g., seeking attention, refusing an object) captured the types of communication
behaviors caregivers had observed in their children, and that the recall period of 30 days was
appropriate. Interviewers also asked caregivers to share examples of these behaviors, and
feedback from caregivers was consistent with the concept being measured by the ORCA

measure.

Round 2 feedback indicated that the new frequency response options reflected the
caregivers’ personal conceptualizations of “mastery” in communication skills. In agreement with
our formative work (please see companion article), caregivers reported confidence that their
child had mastered a skill when they used it frequently, consistently, and in/across different
settings (e.g. home and school). Based on their feedback, the response options of “No or only
once,” “Sometimes,” and “Yes, almost all the time” reflected these observations and generally
represented the lack of a skill, the emergence of a skill, and mastery of a skill (respectively).
Although there was still some heterogeneity in how participants reported interpreting the
response options (particularly around the interpretation of “sometimes”), the study team felt that

overall, the new response options performed better than previous options.
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Reading level. The estimated Flesch-Kincaid grade level was 5, corresponding to a 5™ grade
reading level. The most advanced words that were identified were ‘approximations’ (referring to

‘word approximations’) and ‘conversation’.

Psychometric Testing

Structural Validity. Based on item fit statistics, two concepts and their related items were
identified for possible removal (“telling about the past,” “telling about feeling sick™). The
concept “telling about feeling sick” had low associations with other communication ability
concepts and was removed by the research team without impacting content validity of the ORCA
measure (see discussion section). The concept “telling about the past” represented a very high
ability item that was infrequently reported by caregivers, thus model estimates for this item were
not stable. A one-factor CFA model including the remaining concepts found evidence for very
good model fit; CFI = 0.96; TLI = 0.95; RMSEA = 0.06, 90% CI: 0.05-0.07, supporting the
reporting of one total score to represent overall ‘communication ability’ across the included

concepts.

Score Distribution and Reliability. The distribution of ORCA total scores was roughly bell-
shaped (Figure 1). Only 3 participants (1.2%) had the lowest possible ORCA score (T-score =
26.8) and no one was at the ceiling (highest possible = 83.24; highest in sample = 76.4). The
IRT-based information function showed high information across the range of participant scores
with most of the information aligning with the mean of communication ability (Figure 2).

Internal consistency (Cronbach’s coefficient alpha) was 0.90. Among the 170 caregivers who
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completed the ORCA measure at both time points, the test re-test reliability was excellent (ICC =

0.91; 95% CI: 0.88-0.93).

Known-groups validity. Individuals with Deletion Positive genotype had communication ability
scores that were significantly lower than the other genotypes (Table 3). Average scores for the
other three genotypes were not statistically different from each other. Additionally, children that
experienced a seizure in the past year had significantly lower ORCA scores (mean = 48.5, sd =
9.7) than children who had not experienced a seizure in the past year (mean =51.9,sd =9.2; t =

2.86, df = 246, p <.01).

Age & ORCA scores. The correlation between age and the ORCA score was small, but
statistically significant (r = 0.15; p = 0.021). Average scores within each age group varied, with

significant overlap in score range across age categories (Table 3).

Construct Validity. Total scores on the ORCA measure were strongly correlated with the CSBS
total score (r =.83, p<.001). A moderate-strong correlation was found between ORCA score and
PROMIS-PF measure (r = .53, p<.001). No association was found between the ORCA measure
and the PROMIS-Sleep Disturbance measure (r = -.09, p = .15). There also was no association

between PROMIS-Sleep Disturbance scores with the CSBS communication measure (r =-.07, p

= 31).
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Minimal important differences. Mean differences in scores between individuals with deletion
positive and other genotypes in our sample ranged from 10.4 to 14.0, which exceeded the

threshold of 5 (.5 SD).

DISCUSSION

The ORCA measure is a communication ability measure designed for use in clinical trials and
centering the perspectives of the caregivers of individuals with AS. The development work was a
partnership between advocacy, caregivers, and academia, with the goal of creating a tool that
would capture this clinically meaningful domain with this unique patient community in mind.
The results from cognitive interviewing and the psychometric evaluation support the overall
content validity, construct validity, and the reliability of the measure for this use. While some
expected refinement of concepts occurred within the two-phased evaluations, overall, the content

remained stable.

As the ORCA measure was specifically designed for use in clinical trials for individuals with
AS, we paid particular attention to two aspects of the measure during cognitive interviewing: the
recall period and the response options. The recall period was intentionally left ambiguous in the
first round of interviews so that we could explore the timeframes that caregivers naturally
considered when answering the questions, without undue influence by the study team. Based on
caregiver feedback, the final 30-day recall period was long enough to capture a range of typical
communication behaviors without reflecting fluctuations in communication based on illness or

schedule changes. Additionally, the final recall period was long enough to capture stable and
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meaningful changes in mastered communication skills while allowing caregivers confidence in

their recall of each observable communication behavior.

The response options were modified after the first round of cognitive interviewing to better
reflect how caregivers discussed emerging vs mastered communication skills. There was
heterogeneity in how caregivers were interpreting the initial response options, and some reported
confusion on how to map them to concepts. Since most of the caregivers were interpreting the
original response options (“consistently” versus “not consistently”) in terms of frequency, this

language was used directly.

The psychometric results also provided strong quantitative support for the ORCA measure and
the reporting of one total score representing overall communication ability. The score
distribution was not skewed and there were minimal floor effects (i.e., only 3 individuals were at
the lowest score) and no ceiling effects in this sample. This is an improvement over existing
communication measures that are used with individuals with AS, and supports the idea that this
measure is uniquely tailored to the communication ability levels seen within this population.
High quality outcome measures are critical for clinical trials, as we are less likely to identify
positive shifts in the distribution when it is skewed or there is minimal variability within a
sample. There were also minimal concerns based on internal stability, reliability, or construct

validity.

In terms of content, the psychometric results identified two communication concepts that needed

further review by the study team. First, the concept “telling about feeling sick’ had poor item
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performance. This item was originally included in the ORCA measure based on results from our
formative work; caregivers and SLPs identified this as a potentially meaningful skill for children
in this context (please see companion article). However, the study team also recognized that
these concepts were not always relevant to every family, depending on their priorities for their
child and skills that they were targeting/reinforcing. Thus, when it showed poor item
performance, the study team felt comfortable that removing these items would not impact the
overall content validity of the ORCA measure. Children who can inform caregivers of pain and
illness have higher level expressive and receptive skills, and these should be captured through
other relevant and better-performing items (e.g. directing attention to a body part, answering
yes/no questions like ‘does your head hurt’). The second concept that the item level statistics
identified was “telling about the past.” This represented a very high ability item that caregivers
infrequently reported seeing in their children, thus model estimates for this item were not stable.
However, we believed that it was important for content validity to continue to capture this
advanced level skill, especially in the context of a clinical trial when improvement in
communication is the goal. Thus, at this stage of measure development, we recommend that this
item remain as part of the ORCA measure, but will not contribute to the total score without

further evaluation.

Although our samples were well representative of age cohorts and AS genotypes, the majority of
caregivers in our sample were white and had at least some college or graduate education. This is
consistent with the current underrepresentation of minority populations in genetic studies and
reflects systemic structural barriers that can limit or delay diagnosis and treatment for rare

diseases, especially for communities of color (D'Angelo et al., 2020; Fraiman & Wojcik, 2020).
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Future work should continually ensure the ORCA measure’s content and psychometric
properties are equally supported when used with all families, including those who are most
strongly impacted by institutionalized and structural racism. We also limited our recruitment to
English-speaking families in the continental United States and required parents to confirm that
their child’s diagnosis was based on genetic testing. The latter is not available to all families, so
it could represent a financial barrier to participation. We also limited the sample to children who
were 2 years old and older, and thus, do not recommend the use of the ORCA measure in

children below this threshold.

The current work, although supportive of the modified ORCA measure, does not fully address all
aspects of reliability and validity. Future studies are planned to explore the relationship of the
ORCA measure with other performance-based or clinician-reported communication measures,
like the Vineland Adaptive Behavior Scales (Sparrow, Cicchetti, & Balla, 2005), as well as
longitudinal validity in existing developmental cohorts and after known interventions. We also
recommend a deeper exploration of the relationship between scores and age, as normative values
would be useful for interpreting clinical trial results, and between scores and cognitive ability
(which was not assessed in this study). We also note that the ORCA measure was developed
specifically for individuals with AS, but the measure may have applications to other

neurodevelopmental disorders that have similar communication profiles.

Conclusion
The inclusion of high quality and meaningful clinical outcome measures is crucial to ensure

upcoming clinical trials capture the outcomes that matter to individuals with AS and their
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families. The novel ORCA measure was designed to capture expressive, receptive, and
pragmatic communication ability for individuals with AS >2 years of age from the perspective of
their caregiver when completed independently, without the need for a trained administrator. The
results of our study provides initial evidence supporting the validity and reliability of this
measure in this context of use, although evaluations of the responsiveness over time due to
changes in communication with diverse samples are still needed. We believe that the ORCA
measure can provide meaningful and useful information about the communication ability of an
individual with AS when included in future clinical trials. In particular, the addition of a disease-
specific caregiver-centered measure alongside other performance-based and clinician-reported
measures can provide a comprehensive assessment of the child’s skills and changes over time in

response to treatment through the eyes of experts and their family.
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Table 1: The communication concepts included in the ORCA Measure and an example of a draft item set,
showing behavioral items and the associated response options.

Expressive Receptive Pragmatic
Communication Communication Communication
Seek Attention Respond to Name Greeting
Direct Attention Understand Mood Comfort Others
Refuse Object Understand Isolated Words Play Games
Request Object Turns in Conversation Use Names
Request Object Out of View Make Choices
Request “More” Respond to Familiar Directions
Communicate Understanding Respond to New Directions
Asking Questions Answer Questions Vocabulary
Communicate with Others Number of verbal words
[Telling About Feeling Sick]® Number of symbols on an
assistive device
[Telling About the Past]?

Example of a draft item set for the “Refuse Object” concept on the first version of the ORCA measure:

4. Please tell us how your child refuses an object like a book, toy, or food.

Yes, but
No not
consistently

Yes,
consistently

4a. | Does your child cry or fuss when they do not
want an object? O O O

4b. | Does your child turn their head away or push an
object away when they do not want it? O @) O

4c. | Does your child kick, grab, throw, or bite when

they do not want an object? O O O
4d. | Does your child have a distinct “no” (shaking
head, sign/gesture, word/word approximation, or o - 5

symbol on device) that they use when they do
not want an object?

1. The concept of ‘telling about feeling sick” was identified for removal based on the psychometric testing results.

2. The concept “telling about the past” is currently included in the ORCA measure but not a part of the scoring
metric at this time. In the psychometric study, too few caregivers endorsed this concept for us to feel confident in the
stability of the IRT item parameters. This concept represents very high communication ability whose importance
was supported by the concept elicitation interviews and cognitive testing, thus, it was not removed. However, more
data will need to be collected on the concept before integrating in scoring. When additional data is available, we will
be able to add it without disrupting the scoring algorithm for the current set of concepts included in ORCA measure.
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Table 2. Demographics and Background Information for Caregiver Participants in the ORCA Measure
Development Process.

Cognitive Testing Psychometric Testing
n (%) n (%)
Total n 24 249
Caregiver Characteristics
Age, years (Mean / SD) 47.4/8.9 41.9/8.6
Ethnicity
Not Hispanic or Latino 23 (96) 228 (92.3)
Hispanic or Latino 1(4) 172 (6.9)
Race
White 22 (92) 227 (91.9)
African-American or Black 1(4) 3(1.2)
Asian 1(4) 8(3.2)
Native American or Alaskan Native - 1(0.4)
More than one race - 4 (1.6)
Relationship to Child
Mother/Step-Mother 22 (92) 220 (88.4)
Child with AS Characteristics
Age, years (Mean / SD) 13.8/8.2 106/79
Female 14 (58) 112 (45.0)
Ethnicity
Not Hispanic or Latino 21 (87) 219 (89.8)
Hispanic-Latino 3(13) 22 (9.0)
Race
White 21 (88) 215 (86.7)
African-American or Black 1(4) 3(1.2)
Asian - 5(2.0)
More than one race 2(8) 22 (8.9)
Genotype
Deletion Positive 14 (58) 167 (67.1)
Mutation/UBE3A 5(21) 51 (20.5)
Imprinting (ICD) 2(8) 10 (4.0)
Uniparental Disomy (UPD) 3(13) 21 (8.4)
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Table 3: ORCA communication ability scores by Angelman syndrome genotype and age cohort.

n (%) Mean (STD) 95% Confidence
Limits for Mean
AS genotype
Deletion positive 167 (67.1%) | 46.2 (8.4)** 45.0-475
Mutation of the UBE3A gene 51 (20.5%) | 56.6 (7.6) 54.4 - 58.8
UPD 21 (8.4%) | 60.2(6.2) 57.3-63.0
Imprinting Center Defect (ICD) 10 (4.0%) 57.8 (5.1) 54.2-61.5
Agel n (%) Mean (STD) | Minimum - Maximum
2 to 4 years old 72(29.0) | 445 (9.1) 25.8 - 63.6
510 12 years old 88 (35.5) 52.7 (8.9) 28.9-75.9
13 to 35 years old 88 (35.5) | 51.7(9.0) 316 -73.1

**Mean caregiver scores for individuals with deletion positive AS were significantly different
from the other three groups; p<.001. 'One participant did not report age of the child.
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Appendix 1. ORCA Item Tracking Matrix from 2 Rounds of Cognitive Testing among Caregivers of Individuals with Angelmen Syndrome

L]

Communication
Domain (or #)

Round 1 Wording

Round 2 Wording

Post Round 2 Wording

Reason for Change

Gestures/Signs

When we say gestures or signs, we

When we say gestures or signs, we

No further changes

In Round 1, many caregivers asked if

can be actual words like “mama”
or word approximations like “ba”
meaning “bubbles”.

with a specific meaning(s). These
can be standard words like “mama”
that other people can understand,
or word approximations that are
part of a word like “ba” meaning
“bubbles”. Names for people would
be considered words or word
approximations.

Definition mean an arm or body movement mean an arm or body movement eye gaze and head nodding counted
with specific meaning. Gestures or | with specific meaning. Gestures or as gestures. We added these two
signs could be formal (like signs could be formal (like American behaviors to clarify the meaning of
American Sign Language) or Sign Language) or informal (a gestures. The re-worded definition
mformal (a gesture thz‘at‘only your gesture that only your child uses or worked well in Round 2.
child uses or was modified by your . .

] L was modified by your family). Eye
family). Pointing would be L. .
. gaze, pointing and head nodding
considered a gesture. )
would be considered gestures.

Word/Word When we say words or word When we say words or word No further changes In Round 1, participants had a hard

Approximation | approximations we mean noises approximations we mean noises time discerning the difference

Definition with a specific meaning(s). These between words and WA. We

changed the words definition to
clarify we meant understandable or
universal words. We also bolded and
underlined each term so they could
be more easily distinguishable.
Many caregivers also asked if names
would count as words or WA, so this
item was also added to the
definition. The modification worked
well in Round 2.

Augmentative
and Alternative
Communication
Devices
Definition

When we say AAC devices, we
mean anything that you child uses
to assist in their communication.
The device could be high tech (like
an application on an iPad or a
Dynavox) or low tech (like picture
boards).

When we say AAC devices, we mean
anything that your child uses to
assist in their communication. The
device could be high tech (like an
application on an iPad or a Dynavox)
or low tech (like picture boards).
When we say symbols, we mean
words, pictures or numbers on your
child’s device.

When we say AAC devices, we
mean anything that your child
uses to assist in his/her
communication. The device
could be high tech (like an
application on an iPad or a
Dynavox) or low tech (like
picture boards). When we say
symbols, we mean words,
pictures or numbers on your
child’s device that he/she

In Round 1, participants mentioned
that we ask about symbols in
subsequent questions, but do not
define what we mean by “symbols”
in the original AAC definition. This
wording was added to the definition
and worked well in Round 2.
However, participants in both
rounds were selecting this modality,
even if the child was not using the
device in a meaningful or intentional
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intentionally selects to
communicate something to you.

way. Therefore, we added a note
about intentionality to the definition
after Round 2.

1A - # of
gestures/signs

How many individual
gestures/signs does your child use
regularly?

[J

In the past 30 days, how many
unique gestures/signs did your child
use?

1-3 gestures/signs

4-6 gestures/signs

7-9 gestures/signs

10-15 gestures/signs
16-20 gestures/signs

I s B

In the past 30 days, how many
individual gestures/signs did
your child use?

[J 1-3 gestures/signs
4-6 gestures/signs
7-9 gestures/signs
10-15 gestures/signs
16-20 gestures/signs

OO odg

In Round 1, participants expressed
that they would prefer ranges
because many did not know the
exact number of gestures/signs their
child uses (some filled in ranges on
the questionnaire itself). Therefore,
ranges were added as answer
options. We changed “individua
“unique” in hopes of assisting
caregivers in recalling the number of
gestures. However, “unique” did not
perform well in Round 2, as
participants interpreted this word as
modified or made up gestures/signs
that are unique to the child. The
ranges performed well so in the final
version we reverted to “individual
gestures/signs” while keeping the
ranges as the response option.

|II

to

1B —stringing
gestures/signs
together

Does your child string
gesture/signs together to
communicate one message?
[1 No
[l Yes

If yes, how many gestures/signs
will your child string together to
communicate one message?

In the past 30 days, did your child
string gestures/signs together to
communicate one message
(example: “I want banana”)?

[l No

[l Yes

If yes, on average, how many
gestures/signs did your child string
together to communicate one
message (example: “l want banana’
would count as 3 gestures/signs)?

4

[1 2-3 gestures/signs
[] 4-5 gestures/signs
[1 More than 5 gestures/signs

In the past 30 days, did your
child put gestures/signs
together to communicate one
message (example: “I want
banana”)?

[1  No oronlyonce

[1 Sometimes

[1 Yes, almost all the time

If yes, on average, how many
gestures/signs did your child put
together to communicate one
message (example: “l want
banana” would count as 3
gestures/signs)?

[] 2-3 gestures/signs

We added an example after Round 1
to clarify the meaning of stringing.
Participants were also confused
about how to count the number of
signs/gestures their child strings
together, so we added a note after
the example in the second question
for participants to reference. The
example and counting instructions
worked well in Round 2.

Participants in Round 1 were
thinking about one instance where
their child strung together
gestures/signs, so “on average” was
added to capture only the number




[] 4-5 gestures/signs
0 Morethan5
gestures/signs

their child consistently strings
together. We also added ranges
because participants were providing
ranges in the open response option
in Round 1. These modifications
worked well in Round 2.

“Stringing” could not be easily
translated according to our
translatability review; therefore, we
changed stringing to “put together”.
This change worked well in the
second half of Round 2 interviews.
We also changed the response
options to the first question after
Round 2 to make it consistent with
other stringing questions.

1D — pairing In the past 30 days, did your child No further changes Many participants in Round 1
sound and pair a gesture/sign with a sound in mentioned their child often pairs
gesture order to communicate something to multiple modalities together to
together you? communicate one message. The
communication experts on our team
[1 Nooronlyonce L .
. stated that pairing a sound with a
O Sometimes gesture could represent a more
I Yes, almost all the time advanced level of communication,
therefore we added this question in
hopes that it would help detect
improvements in communication
over time. This question worked
well after initial implementation.
# of word How many word approximations In the past 30 days, how many In the past 30 days, how many In Round 1, participants expressed
approx. does your child have? unique word approximations did individual word approximations | that they would prefer ranges

your child use?
[1 1-3 word approximations
[l 4-6 word approximations
[J 7-10 word approximations
[J  More than 10 word approx.

did your child use?
| 0 word approx.
0 1-3 word approx.
| 4-6 word approx.
| 7-10 word approx.

because many did not know the
exact number of WA their child uses
(in addition, some filled in ranges on
the questionnaire itself). We
changed “individual” to “unique” for
Round 2 in hopes of assisting




O

More than 10 word
approx.

caregivers in recalling the number of
WA their child uses. However,
“unique” did not perform well in
Round 2, as participants interpreted
this word as modified or made up
sounds that are unique to the child.
The ranges performed well so in the
final version we reverted to
“individual WA” while keeping the
ranges as the response option.

A 0 response option was added half
way through Round 2 because one
participant noted it might be
possible that a caregiver could select
words/word approximations initially
(in question #1), but their child may
only use one or the other. This
modification worked well for the
remainder of Round 2.

# of words

How many words does your child
have?
il

In the past 30 days, how many
unique words did your child use?
[0 1-3 words
[] 4-6 words
[l 7-10 words
[J More than 10 words

In the past 30 days, how many
individual words did your child
use?

O

0
W
W
0

0 words

1-3 words

4-6 words

7-10 words

More than 10 words

In Round 1, participants expressed
that they would prefer ranges
because many did not know the
exact number of words their child
uses (in addition, some participants
filled in ranges on the questionnaire
itself). We changed “individual” to
“unique” for Round 2 in hopes of
assisting caregivers in recalling the
number of words their child uses.
However, “unique” did not perform
well in Round 2, as participants
interpreted this word as modified or
made up sounds that are unique to
the child. The ranges performed well
so in the final version we reverted to
“individual words” while keeping the
ranges as the response option.




A 0 response option was added half
way through Round 2 because one
participant noted it might be
possible that a caregiver could select
words/word approximations initially
(in question #1), but their child may
only use one or the other. This
modification worked well for the
remainder of Round 2.

Stringing words
or WA together

Does your child string words or
word approximations together to
communicate one message?

[ No

1 Yes

If yes, how many words or word
approximations will your child
string together to communicate
one message?

|

In the past 30 days, did your child
string words or word
approximations together to
communicate one message
(example: “I want banana”)?

[l No oronly once

[l Sometimes

[1  Yes, almost all the time

If yes, on average, how many words
or word approximations did your
child string together to
communicate one message
(example: “I want banana” would
count as 3 words/word
approximations)?
[] 2-3 word or word
approximations
[] 4-5word or word
approximations
[J More than 5 word or
word approximations

In the past 30 days, did your
child put words or word
approximations together to
communicate one message
(example: “I want banana”)?

No changes to second question.

An example was added after Round
1 to clarify the meaning of stringing.
Participants were also confused
about how to count the number of
words/WA their child strings
together, so we added a note after
the example in the second question
for participants to reference. The
example and counting instructions
worked well in Round 2.

Participants in Round 1 were
thinking about one instance where
their child strung together
words/WA, so “on average” was
added to capture only the number
their child consistently strings
together. We also added ranges
because participants were providing
ranges in the open response option.
These modifications worked well in
Round 2.

“Stringing” could not be easily
translated according to our
translatability review; therefore, we
changed stringing to “put together”.
This worked well for the remainder
of Round 2.




# of AAC
symbols

How many symbols does your child
use regularly?
[

In the past 30 days, how many
symbols did your child use?

[J  1-10 symbols

[l 11-20 symbols

[J 21-30 symbols

[J  More than 30 symbols

In the past 30 days, how many
symbols did your child
intentionally use?

[J  1-10 symbols

[J 11-20 symbols

[J 21-30 symbols

(1 More than 30 symbols

In Round 1, participants expressed
that they would prefer ranges
because many did not know the
exact number of symbols their child
uses (some participants filled in
ranges on the questionnaire itself).
Therefore, we added ranges and
they worked well in Round 2.

In Round 2, some participants were
counting symbols that their child
randomly/unintentionally uses.
Therefore, we added “intentionally”
to clarify we want the # of symbols
their child uses in a meaningful,
consistent way.

Stringing AAC
symbols
together

Does your child string symbols
together to communicate one

message?
[l No
[l Yes

If yes, how many symbols will your
child string together to
communicate one message?

U

In the past 30 days, did your child
string 2 or more symbols together to
communicate one message
(example: “I want banana” could
count as 2 or 3 symbols depending
on how your child’s device is set
up)?
[1 Nooronlyonce
[1 Sometimes
[1 Yes, almost all the time
If yes, on average, how many
symbols did your child string
together to communicate one
message?
[l 2-3 symbols
[1 4-5symbols
[1  More than 5 symbols

In the past 30 days, did your
child put together 2 or more
symbols to communicate one
message (example: “I want
banana” could countas 2 or 3
symbols depending on how your
child’s device is set up)?

If yes, on average, how many
symbols did your child put
together to communicate one
message?

[1 2-3 symbols

[1 4-5symbols

[1  More than 5 symbols

We added an example after Round 1
to clarify the meaning of stringing.
Participants were also confused
about how to count the number of
symbols their child strings together,
so we added a note after the
example for participants to
reference. The example and
counting instructions worked well in
Round 2.

Participants in Round 1 were
thinking about one instance where
their child strung together symbols,
so “on average” was added to
capture only the number their child
consistently strings together. We
added ranges because participants
were providing ranges in the open
response option. The modifications
worked well in Round 2.




“Stringing” could not be easily
translated according to our
translatability review; therefore, we
changed stringing to “put together”.
This worked well in the second half
of Round 2 interviews.

Requesting AAC
device

If their device is not around, does
your child let you know that they
need their device to tell you
something? (could be eye gaze,
gesture/sign for device,
word/word approximation, etc.)

[ No

[J  Yes, but not consistently

[J Yes consistently

In the past 30 days, when their
device was not around, did your
child let you know that they need
their device to tell you something or
request something? (Could be eye
gaze, gesture/sign for device,
word/word approximation, etc.)

[l No oronly once

[l Sometimes

[l Yes, almost all the time

In the past 30 days, when
his/her device was not around,
did your child let you know that
he/she needs his/her device to
tell you something or request
something? (Could be eye gaze,
gesture/sign for device,
word/word approximation, etc.)

[]

J
J
J

No or only once
Sometimes

Yes, almost all the time
Not applicable

We added “request something” to
add specificity to the question to
assist caregivers to recall specific
scenarios where their children may
have requested their device. Prior to
adding this phrase, participants
were frequently thinking about their
child going to get the device, rather
than using another mode of
communication to request the
device.

Not applicable was added after

Round 2 because some caregivers
stated that their children wear the
device via a harness so they would
never need to request the device.

Turn Taking

Next we want to know how you
have a back and forth conversation
with your child. We are interested in
the number of turns he/she takes in
conversations. The next example
shows 2 turns taken:

Caregiver: What do you want for
breakfast?

Child: [Points to cabinet for
oatmeal]

Caregiver: What do you want in
your oatmeal?

Next we want to know how you
have a conversation with your
child. We are interested in the
number of turns he/she takes in
conversations. The next
example shows 2 turns:
Caregiver: What do you want
for breakfast?

Child: [Points to cabinet for

oatmeal]

Caregiver: What do you want in
your oatmeal?

We added this question after Round
1 per the suggestion of our SLP
colleagues. They stated it is an
important aspect of pragmatic
communication.

Changes were made to this question
after Round 2 because participants
were confused by the phrase “back
and forth”, so it was removed. We
added a 0 response option because
some participants said their child
cannot do this activity or have not
done it in the past 30 days and we
needed to account for this.




Child: [uses device to say]
Strawberries

In the past 30 days, about how
many conversational turns did your
child take during one conversation?

01
b2
03
[l 4 ormore

Child: [uses device to say]
Strawberries

In the past 30 days, about how
many turns in conversations did
your child have during one
conversation?

U o
b1
b 2
b3

[0 4 ormore

Even with the modifications,
participants had difficulty with what
counted as a communicative act and
a turn in conversation. As such, this
guestion will be reevaluated after
the cross-sectional study.

Seek Attention

Does your child make a specific
noise to seek attention?

Did your child make a specific sound

to seek attention?

No further changes

We changed noise to sound per the
suggestion of the SLP on our team
and to be consistent with our
definitions.

Seek Attention

Does your child use a specific
gesture/sign to seek attention?

Dropped

No further changes

This item was dropped because
many participants ignored the word
“specific” in the question. Our
intention was for participants to
think about dedicated signs to seek
attention, however this question did
not elicit those responses. Our SLP
colleagues also confirmed it is
unlikely that children would be using
modified gestures or signs to seek
attention, as it is not a common way
for anyone to seek attention.

Seek Attention

Does your child use a device to
seek attention?

Did your child use a specific symbol
on a device to seek attention?

No further changes

“Specific” was added to this item
after Round 1 because some
participants mentioned that their
child might press random buttons
on their device to get attention.
However, we are only interested in
times when the child is intentionally
selecting a specific symbol that is
being consistently used by the child
to seek attention (like “look at me!”)




Direct Did your child use a specific symbol Did your child use a symbol on a | The term “specific” was dropped
Attention on a device to direct your attention? | device to direct your attention? | from this item after Round 2.
Children can direct attention to a
multitude of things using a symbol
on their device. “Specific” was
unnecessary here since most
caregivers set up the device for the
specific needs of the child and their
speech therapy goals.
Direct Does your child use a gesture/sign | Did your child use a gesture/sign No further changes Many participants in Round 1 said
Attention and a word (or word and a sound together to direct your their child does not use words/WA
approximation) together to direct attention? but does use gestures and sounds
your attention? together frequently. After consulting
with our SLP colleagues, they also
suggested changing words/WA to
sounds, as a child who uses
words/WA would probably use
those alone to direct attention and
sounds would be more appropriate
here. This suggestion is also
reflected in the data we collected.
Direct This question is asking if your child | These questions are asking if your These questions are asking if After Round 1, we decided to take
Attention uses language to direct your child used language to direct your your child used language to the modalities out of the
attention. This could be in specific | attention in the past 30 days. This direct your attention in the past | instructions because participants
ways, like signing "ball" for you to could be in specific ways, like signing | 30 days. This could be in said it was repetitive to see the
look at the ball. Your child could "ball" for you to look at the ball. specific ways, like using sign modalities in the directions and the
use gestures/signs, specific language to say "ball" for you to | questions.
vocalizations (i.e. words or word look at the ball.
approximations), or symbols on In Round 2, participants were
their device. mistaking “signing” to mean
pointing. For our purposes, pointing
is not considered “labeling”.
Therefore, we changed it to “sign
language” to be more specific.
Direct Does your child use a gesture/sign, | Did your child use a gesture/sign to Did your child use a sign to label | After Round 1, we decided to split
Attention word or word approximation, or label specifically what they wanted specifically what they wanted this question into 3 questions

device to let you know specifically
what they want you to see?

you to see?

you to see?

because participants stated it would
represent a significant improvement




Did your child use a word/word

approximation to label specifically
what they wanted you to see?

Did your child use a symbol on a
device to label specifically what they
wanted you to see?

in communication ability if their
child could do these behaviors with
other modalities. Our SLP colleagues
also said these separated questions
could be a place to show growth in
communication ability. This change
worked well in Round 2.

We also added the term “label”
after Round 1 because participants
were not understanding that we
were looking for the ability to name
or label something to direct
attention to it; the term
“specifically” was being overlooked.
Label performed moderately well in
Round 2. However, participants in
Round 2 were again talking about
pointing as “labeling something”.
We dropped gesture from the first
guestion to clarify we are only
looking for sign language. We will
reevaluate these items after the
cross sectional study.

Refusal Does your child turn their head Did your child turn their head away, | No further changes Participants in Round 1 thought
away or push an object away when | push an object away, or throw an throwing should be added to this
they do not want it? object when they did not want it? item instead of the kick item.

Throwing was not considered a
challenging behavior in this
population because children often
have motor control issues. This
change worked well in Round 2.
Request Does your child have a distinct Dropped No further changes This item was dropped because our

"ves" (shaking head, sign, or
symbol on device) that they use
when they want something or are
agreeing with you?

SLP colleagues clarified that there
are many ways to confirm
agreement and it does not
necessarily represent an
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improvement in communication
ability.

Request

Does your child use a device to ask
for an object they want?

Did your child use a symbol on a
device to ask for an object they
wanted?

“Symbol” was added to be
consistent with our definitions and
other related items. This
modification caused no problems in
Round 2.

Request

Think about how your child lets
you know that they want
something that is not in the same

Think about how your child let you
know that they wanted a specific
object (like a book, toy or food) that

room or that they cannot see.

Does your child ask for a specific
object they want (like a snack, a
person, or a toy), even if the object

is not around?

was not in the same room or that

Top instructions did not change.

Did your child go and get a
specific object he/she wanted,

they could not see.

Did your child ask for a specific
object they wanted, even if the
object was not in sight?

even if he/she could not see the
object?

Did your child use a
gesture/sign, word/word
approximation, or symbol on a
device to ask for a specific
object he/she wanted, even if
he/she could not see the object?

In Round 1, participants were
overlooking the word “specific” and
were describing how their child
requests things they cannot see, but
the caregiver does not always know
exactly what the child wants.
Caregivers were also often just
describing their child getting up and
getting what they want, which is an
adaptive behavior rather than true
communication. We modified this
guestion in Round 2 so that “specific
object” would be in the instructions
(and underlined). “Not around” was
also being misinterpreted as “not in
reach”, so this was changed to “not
in sight”. Even with our changes in
Round 2, these issues still persisted.
After Round 2, we decided to create
two questions in order to clarify
meaning. We will evaluate these
items after the cross sectional study.

“More”

Does your child have a specific
gesture/sign, word/word
approximation, or symbol on their
device that they use to ask you for
“more” of something?

Did your child use a specific
gesture/sign to ask you for “more”

of something?

Did your child use a word/word
approximation, or symbolon a
device to ask you for “more” of
something?

No further changes

After Round 1, this question was
broken into 2 questions to make it
consistent with the other item set
structures (per our SLP colleagues’
recommendations). Specific
gesture/sign became its own item
because our colleagues confirmed
that this is a lower communicative
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ability than using words or a device.
Words and symbols on a device can
be universally understood, making
those modalities more advanced.
This modification caused no
problems in Round 2.

Choices If you give your child options with | If you gave your child options with No further changes After Round 1, modalities were
words only (without showing them | words only (without showing them added to this question because
choices), does your child choose choices), did your child choose what participants were counting when
what they want? they wanted using a specific their child “gets up and goes to get

gesture/sign, word/word the choice” (which we are not
approximation, or symbol on a counting towards communication
device? ability). This modification worked
well in Round 2.
Sick/Hurt Please tell us how your child let you | Please tell us how your child let | N/A response option was added
know he/she was not feeling well, you know he/she was not after Round 2 because many
were hurt, or were sick. feeling well, were hurt, or were | participants said their child had not
sick. If your child was not hurt or | been sick or hurt in the past 30 days.
sick in the past 30 days, please Adding N/A allows us to
select N/A. differentiate between a child who
has been ill and unable to do this
activity and a child who has not
been ill. We will evaluate this
modification after the cross
sectional study.

Sick/Hurt Does your child cry, fuss or lay Did your child cry, or fuss to tell you | No further changes. We dropped “lay down” after Round
down to tell you that they are not | that they were not feeling well? 1 because after discussing with our
feeling well? SLP colleagues, they said laying

down is not necessarily true
communication (just a means to an
end or self-soothing behavior).

Sick/Hurt If you ask your child “what hurts”, | Did your child use a gesture/sign, Dropped. In Round 1, participants were

does your child tell you the name
of the body part that hurts?

word/word approximation, or
symbol on a device to name the
body part that hurt?

interpreting “tell” as using only
verbal words to name the body part.
Therefore, we changed “tell” to
“name” and added modalities to
clarify the meaning. “Name” did not
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work well in Round 2 because
caregivers were often just counting
pointing as “naming”. Therefore,
this item was dropped.

Asking
Questions

Does your child use gestures/signs,

words/word approximations, or

Did your child use gestures/signs,
words/word approximations, or

their device to ask you questions?

symbols on a device to ask you
simple questions (example: Where's
mommy?)?

Did your child use gestures/signs,
words/word approximations, or
symbols on a device to ask you
complex questions (example: Why
do I have to brush my teeth?)?

No further changes

Participants in Round 1 thought this
guestion was really broad and asked
what types of questions we were
looking for. In Round 2, we split this
guestion into “simple and complex”
questions and added examples so
caregivers could see the difference
between the two. This change
worked well in Round 2.

Past Events

Think about how your child tells
you about past events. For
example, telling on a sibling or
telling you about something that
happened at school. Your child
might tell you a story through
gestures/signs, vocalizations,
words or word approximations, or
a communication device.

Think about how your child told you
about past events. For example,
telling on a sibling or telling you
about something that happened at
school. Your child might tell you a
story through gestures/signs, words
or word approximations, or symbols
on a device.

No further changes

After Round 1, we dropped
“vocalizations” to be consistent with
our beginning definitions. We also
changed “communication device” to
“symbols on a device” to be
consistent with our beginning
definitions and other related items.

Past Events

Does your child tell a story (either
true or untrue) that has a logical
flow with beginning, middle, and
end?

Did your child tell a two-step story
about one event that led to
another? (example: | ate apple, |
threw up)

Did your child tell a story (either
true or untrue) that had a logical
flow with beginning, middle, and
end?

Did your child tell a two-part
story about one event that led
to another? (example: | ate
apple, | threw up)

Did your child tell a story (either
true or untrue) that flowed
logically with beginning, middle,
and end?

Participants in Round 1 thought this
question was really broad and our
SLP colleagues upon review also
thought this question could be a
place to show growth. Therefore,
we split this question into two
questions for Round 2. This change
worked well in Round 2, but some
minor word changes were made
after Round 2 to clarify meaning.

Greeting

Does your child use gestures/signs
to say "hello" or "goodbye" to

Did your child use gestures/signs to

say "hello" to people without you
telling them to?

No further changes

Some participants in Round 1 said
their child could only say hello to
people without them telling their
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people without you telling them
to?

Does your child use words/word
approximations, or their device to
say “hello” or “goodbye”?

Did your child use words/word
approximations or symbols on a
device to say “hello” to people
without you telling them to?

Did your child use gestures/signs to

say "goodbye" to people without
you telling them to?

Did your child use words/word
approximations or symbols on a
device to say “goodbye” to people
without you telling them to?

child to, but their child could not say
goodbye. Therefore, we split hello
and goodbye greetings into separate
guestions. We also separated by
modality to show growth. This
modification worked well in Round
2.

Names for
People

Did your child use a specific name,
gesture/sign, or symbol on a device
for you or another primary

caregiver?

Did your child use specific names,
gestures/signs, or symbols on a
device for any other person (other
than you or another caregiver)?

Did your child use a specific
name, gesture/sign, word/word
approximation or symbol on a
device for you or another
primary caregiver?

Did your child use specific
names, gestures/signs,
words/word approximations or
symbols on a device for any
other person (other than you or
another caregiver)?

A couple participants in the
beginning of Round 2 asked if we
intended to exclude word or WA
from these items and did not
understand that “use a specific
name” meant word. This
modification was made half way
through Round 2 interviews and
worked well.

Self-Reference

Does your child gesture/sign,
vocalize or use their device to say
“I”, “me”, or their name?

Did your child use gesture/sign,
word/word approximation or a
HIH “" ”

symbol on a device to say “1”, “me”,
or their name in a sentence?

No further changes

Some participants in Round 1
thought this question was asking if
their child could identify their name
or say their name, but we are
interested in if a child can refer to
themselves in a sentence (i.e. can
the child refer to themselves in the
first person). Therefore, “in a
sentence” was added to make it
clearer that we are interested in
correct grammatical usage here.
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This modification worked well in
Round 2.

Social Games or
Activities

Think about any games you and
your child might play together. For
example, peek-a-boo, chase, or
catch.

Example: Does your child play
games with you or others?

Think about one game or activity
your child might have played with
you or other people. Games could
include peek-a-boo, chase, or catch.
Activities could include swimming,
playing with Play-Doh, or blocks.

Example of change to all items in
this domain: Did your child play at
least one game or activity with you
or others?

No further changes

Multiple participants in Round 1
struggled with this question because
they were thinking about multiple
games their child plays, and that
they may do some of these things
for one game only, but not all.
Therefore, we added “think about
one game or activity” to the
directions. Parents of teenagers and
young adults had trouble thinking of
games they played with their child;
therefore, we clarified in the
directions that activities would also
count. These modifications worked
well in Round 2.

Response to
Name

Does your child look at you or
pause what they are doing when
you say their name?

Excluding times when they ignored
you, did your child look at you or
pause what they were doing when
you said their name?

No further changes

Multiple participants in Round 1
mentioned that their child does this
“sometimes”, but often the child
just ignores them (but still
understands their name is being
called). Therefore, we added a
sentence to the beginning of the
guestion to ask parents to disregard
times when their child ignores them.
This modification worked well in
Round 2.

Response to
Directions

Please tell us how your child
responds to your directions. This
first set of questions asks about
directions that are part of their

daily routine.

Please tell us how your child
responded to your directions. This
first set of questions asks about
directions that are part of their daily
routine. Please exclude times when
your child may have ignored you.

No further changes

Multiple participants in Round 1
saidd that their child “sometimes”
responds to directions, but often
times, the child just ignores them
(but still understands the direction).
Therefore, we added a sentence to
the instructions to ask parents to
disregard times when their child
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ignores them. This modification
worked well in Round 2.

Response to
Directions
(Daily Routine)

Does your child respond when you
tell them “no”?

Does your child respond to certain
words (stop, bath) when you say
them?

Did your child respond when you
told them “no” or “stop”?

No further changes

In Round 1, participants were
thinking about stop and bath, not
stop or bath like we intended. Many
participants also wondered how
many one word commands their
child has to follow to count as
consistently vs. not consistently.
This item was subsequently dropped
and “stop” was added to the no
item because the two commands
are similar.

Response to
Directions
(Daily Routine)

Does your child follow one-step
directions that are part of their
daily routine? (example: “Get your
cup.”)

Did your child follow one-step
directions that are part of their daily
routine? (example: “Get your cup”
or “Let’s take a bath”)

No further changes

As mentioned above, the stop, bath
item was dropped and we decided
to add these two examples to other
items. “Let’s take a bath” was added
here because caregivers said this is a
very common one step direction
they give their child.

Response to
Directions
(New)

Now think about how your child
responds to directions that are
new or not part of their daily
routine.

Example: Does your child follow
one-step directions that are new or
not part of their daily routine?

Now, think about how your child
responded to new directions. Please
exclude times when your child may
have ignored you.

Example of change to all items in
this domain: Did your child follow
one-step directions that were new?

No further changes.

Some participants in Round 1 said
their child follows directions that are
not part of their daily routine, but
do not follow new directions.
Therefore, we changed this item to
reflect just new directions. This
modification worked well in Round
2. We also had the same ignoring
issue here and added a clause to the
instructions asking caregivers to
disregard times when their child
ignores them. This modification
worked well in Round 2.
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Isolated Words
or Phrases

Does your child show you that they
understand a more complex
message that they overheard?
(example: grandma is visiting next
week)

Did your child show you that they
understood a more complex
message that they overheard?
(example: Grandma is bringing
cookies)

Dropped.

Participants in Round 1 struggled
with the example we provided
because they said their child does
not understand the concept of time.
They may tell their child grandma is
visiting, but they were not sure if
their child understands “next week”.
Therefore, we changed the example
to eliminate the time issue.
However, in Round 2, some
participants were unsure if their
child understands both concepts
(grandma and cookies), while other
participants were overinflating their
child’s abilities here. Interviewers
know overinflating was occurring
because when caregivers were
prompted to provide examples of
when they have seen this behavior,
they could not provide any.
Therefore, this item was dropped.

Understanding

Are people familiar to your child

In general, were people familiar to

(parents, teachers, caregivers,
siblings) able to understand your
child’s communication?

Are people less familiar to your
child able to understand your
child’s communication?

your child (parents, teachers,
caregivers, siblings) able to
understand your child’s
communication?

In general, were people less familiar
to your child able to understand
your child’s communication?

No further changes.

After Round 1, we added “in
general” to the beginning of these
questions because participants
expressed that different people who
are familiar to the child understand
their child to varying degrees.
Therefore, we added “in general” so
participants could think about this
on average. We also added it to the
guestion below to make it
consistent.

Bathroom

Does your child let you know they
have gone to the bathroom or that
their diaper is dirty?

Does your child let you know that
they have to go to the bathroom?

Dropped

Questions about bathroom
communication were dropped after
Round 1 because many participants
said they did not know if their child
was truly communicating, or if they
were just alerting them that they
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were uncomfortable. Also, many
different families prioritized
different toileting behavior and it
was not feasible to account for
every scenario in a way that
differentiated improvement in
communication ability.

Non-domain changes

Round 1 Wording

Round 2 Wording

Post Round 2 Wording

Reason for change

Instructions

The goal of this survey is to get a
clear understanding about how
your child typically
communicates. When you are
answering the questions, please
think about communication
skills and behaviors that you
have personally observed.

The goal of this survey is to get
a clear understanding about
how your child typically
communicates. When you are
answering the questions,
please think about
communication skills and
behaviors that you have
personally observed. Please
use a v or an X to mark your
answers.

The goal of this survey is to clearly
understand how your child
typically communicates. When
you are answering the questions,
please think about his/her
intentional communication skills
and behaviors that you have
personally observed and your child
initiates. Please use a v or an X to
mark your answers. If something is
not applicable to your child,
please select “No or only once”.

Multiple participants in Round 1 asked
“how” they should complete the survey (i.e.
filling in bubbles, using a check mark, etc.),
so we added this to the instructions to make
it consistent. In Round 2, all participants
used a v or an X to mark their answers.

If something is not applicable to your child,
please select “No or only once” was also
added to these instructions and the
directions before item set #3.

Recall The next set of questions are The next set of questions are No further changes We added a specific recall period because
period about how your child currently about how your child we thought it would help parents focus on
communicates in specific communicated in specific consistent communication behaviors they
situations. situations over the past 30 days observe (and eliminate communication
behaviors caregivers have not seen in a long
time that are not consistent or frequent).
Response No No or only once No further changes Participants in Round 1 struggled to reliably
options Yes, but not consistently Sometimes define the word “consistently”. Some were

Yes, consistently

Yes, almost all the time

interpreting it as frequency. Some were
interpreting this as the primary modality
their child uses. Therefore, more common
response options were implemented and
worked well in Round 2.
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Skip Logic
Instructions

Example: If you selected
GESTURES/SIGNS, please answer
guestions 1A and 1B. If not,
please skip to 1C.

Example of change to all skip
instructions: If you selected
GESTURES/SIGNS, please

answer questions 1A and 1B. If
not, please go to 1C.

No further changes

Our translatability review showed that
“skip” was not easily translatable; therefore,
we changed this to “go to” based off the
company’s recommendation.

Third Person
Singular

Example: Did your child cry or
fuss when they did not want an
object?

Example of change to all items:
Did your child cry or fuss when
he/she did not want an object?

No further changes

Throughout the survey, we originally
referred to the child as them, they or theirs.
Our translatability review showed that the
third person singular should be used in all
verbs in the items when referring to the
child. Therefore, all items referring to the
child were changed to he/she/him/her. An
example of the change is provided.
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