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Abstract
Over the past decade, there has been a rise in the prevalence of developmental dis-

abilities. Early diagnosis and access to healthcare services are essential for children

with developmental delays to optimize development. For families living in poverty,

accessing specialized assessment/intervention services for children with develop-

mental disabilities is often a formidable task. In this study, we provide preliminary

evidence for the implementation of a developmental risk assessment screening

questionnaire using a telehealth format to address the gap in access to services in a

community clinic serving a low-income urban neighborhood. Ninety-seven care-

givers of children between 12 months and 7 years of age participated in this study.

Caregivers completed the risk assessment screening questionnaire using an iPad

that was available to them at the clinic. Results showed that while only 11% of

caregivers indicated they were initially concerned about their child's overall devel-

opment, completion of the focused risk assessment resulted in a completely differ-

ent picture. Fifty percent of caregivers reported that their child had three or more

concerns in at least one area of development that would warrant further evaluation.

Alerting both families and professionals to these concerns as early as possible may

position the family and child to receive the much-needed services that have the

potential to mitigate more serious developmental problems. This article discusses

the promising role that Telehealth can play in providing screening services for all

families, but especially low-income urban households.
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1 | INTRODUCTION

Developmental disabilities are lifelong conditions that encom-
pass a variety of domains of functioning, including cognitive,
behavioral, social, communication, or learning delays (Odom,
Horner, & Snell, 2009; Zablotsky, Black, & Blumberg,
2017). The clinical presentation of developmental disabilities
includes, but is not limited to, Autism Spectrum Disorder,

Attention Deficit/Hyperactivity Disorder, Learning Disabil-
ities, Language and Speech Disorders, and Intellectual Dis-
abilities. Precise estimates of the prevalence of developmental
disabilities have been difficult to determine, with estimates
affected by a variety of factors including the type of disability
identified, patients' access to and willingness to utilize health
services, and culture. Between 2014 and 2016, the National
Center for Health Statistics (NCHS) reported that there was

Received: 29 May 2019 Accepted: 30 May 2019

DOI: 10.1002/bdr2.1537

1154 © 2019 Wiley Periodicals, Inc. Birth Defects Research. 2019;111:1154–1164.wileyonlinelibrary.com/journal/bdr2

https://orcid.org/0000-0001-5000-8260
mailto:ejs3@case.edu
http://wileyonlinelibrary.com/journal/bdr2
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fbdr2.1537&domain=pdf&date_stamp=2019-06-18


an increase in the prevalence rates of general developmental
disabilities from 5.76% to 6.99% (Zablotsky et al., 2017). Prev-
alence rates vary as a function of specific type of developmen-
tal disability. For example, Autism Spectrum Disorder (ASD)
has shown an increase in prevalence from 0.9% in the year
2006 (1 in 110 children, Center for Disease Control and Pre-
vention, CDC, 2009) to a prevalence of 1.69% in 2014 (1 in
59 children Baio et al., 2014). Additionally, communication
disorders are at an all-time high, with the most common being
speech (5%) followed by language problems (3.3%; Black,
Vahratian, & Hoffman, 2015).

Early diagnosis of developmental disabilities is of para-
mount importance because it increases the likelihood that
children will receive the early intervention services needed
to improve functioning and outcomes (Reynolds et al., 2007;
Volkmar, Cook, Pomeroy, Realmuto, & Tanguay, 1999).
The premium placed on the potential for early interventions
promises to improve future outcomes of young children.
This stems in part from the growing realization that children
with developmental delays do not outgrow their difficulties
with age and face a lifetime of problems if left untreated
(Harvey, Youngwirth, Thakar, & Errazuriz, 2009; Lavigne
et al., 2001; Owens & Shaw, 2003).

Despite the fact that it is widely accepted that early inter-
vention is critical for positive developmental outcomes, many
children and families fail to receive these services. Ethnic and
racial disparities have been consistently found in the diagnosis
and treatment of multiple health conditions (Nelson, 2002).
For developmental disabilities, specifically ASD, researchers
have reported lower prevalence rates and later age of diagno-
sis among economically disadvantaged households (Magaña,
Parish, Rose, Timberlake, & Swaine, 2012; Mandell, Novak, &
Zubritsky, 2005) and children growing up in a rural setting
(Antezana, Scarpa, Valdespino, Albright, & Richey, 2017).
For example, children who come from low-income households
receive a diagnosis of ASD 0.9 years later compared to their
middle-class peers (Mandell et al., 2005). Furthermore, some
factors that often serve as barriers to early diagnosis and treat-
ment include physical barriers to healthcare (i.e., health insur-
ance), fewer physician referrals to specialists, and lack of
knowledge about developmental milestones (Ciccia, Roizen,
Garvey, Bielefeld, & Short, 2015; Kuehn, 2012; Mandell et al.,
2005; Morgan, Staff, Hillemeier, Farkas, & Maczuga, 2013).

Systemic barriers to early identification of developmental
disabilities include the ever-increasing burden placed on
physicians for documentation and medical record manage-
ment, which impacts the amount of time that a physician can
spend with a family exploring development more generally.
While the American Academy of Pediatrics recommends
developmental surveillance during annual well-check visits,
pediatricians continue to struggle with expanded expecta-
tions paired with limited patient contact time (Tanner, Stein,

Olson, Frintner, & Radecki, 2009). Additionally, there
appears to be a disparity in the implementation of develop-
mental surveillance related to ethnicity with parents of
African-American children or Latino children in non-English
speaking households. While the causative mechanisms for
disparate surveillance are still unknown, it has been docu-
mented that African-American and Latino families report
significantly lower odds of being asked about developmental
concerns by their pediatrician compared to parents of Cauca-
sian children (Guerrero, Rodriguez, & Flores, 2011).

Since access to early identification/intervention services is
limited among low-income families, the well-child check-up
visit in community clinics seems to be an ideal arena for iden-
tifying children who may be at risk for a developmental dis-
ability. Bringing the screenings into the pediatrician's office
using Telehealth technologies allows us to address the current
gap in services that are often desperately needed in this com-
munity. Telehealth is a healthcare delivery method that has
been gaining popularity in recent years. Drawing on telecom-
munications technology (i.e., video conferencing) to deliver
healthcare services to individuals who otherwise would not
have access to such services (Hensel, Demiris, & Courtney,
2006). Telehealth has been noted to be an ideal approach for
improving health care delivery for underserved groups (Coker
et al., 2012). More specifically, telehealth appears to be a
promising and cost-effective way for families to receive both
diagnosis and interventions (Antezana et al., 2017).

The efficacy of telehealth has been examined to improve
clinical service provision for children with developmental dis-
abilities. First and foremost, its application in rural communities
seems especially important, particularly since families have
reduced access to healthcare and professionals may be few and
far between in these areas. Although not directly addressing the
feasibility of the telehealth format, Antezana et al. (2017) dis-
cussed barriers that affect diagnosis and intervention for chil-
dren with ASD who reside in rural areas. Because of their
limited access to specialized healthcare services, families in
rural areas seem to rely largely on school personnel to aid in
the diagnosis and treatment of their children with develop-
mental disabilities. Lack of diagnostic/intervention services
and specialized professionals needed to deliver appropriate
care places children at a high risk for not receiving the educa-
tional services they are both entitled to and need. Telehealth
appears to be a promising method for offering services for
individuals with ASD located in rural communities by directly
addressing the barrier of availability of specialized profes-
sionals to work with children with ASD (Smith et al., 2017).
Not only has telehealth been shown to be a promising inter-
vention for rural children with ASD, but also for children with
speech-language problems. Wales, Skinner, and Hayman
(2017) provided preliminary evidence for the efficacy of
telehealth delivered speech and language interventions for
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children between 4 and 12 years of age in rural communities
in Australia.

While the majority of the telehealth research has focused
on rural communities, more recently favorable outcomes have
been obtained for low-income families residing in urban
areas. Low-income, urban areas pose a significant challenge
for healthcare service delivery, with socioeconomic and cul-
tural barriers often more formidable to overcome than actual
physical barriers. Early work by our research group found
preliminary evidence for the feasibility of telehealth speech
and language screening services in low-income urban neigh-
borhoods using computer kiosks at the local community
healthcare clinic (Ciccia, Whitford, Krumm, & McNeal,
2011). In this early study, a total of 160 families took part in
the screenings. Of the families that had a child with a failed
telehealth screening, 72% went on to seek out follow-up ser-
vices at the community speech and language clinic. Inter-
views with parents revealed favorable attitudes towards
videoconferencing screenings for their children, particularly
because the screenings were conducted in the nonthreatening
setting of their local community clinic during an already
scheduled appointment to see their primary care physician.
Furthermore, families were satisfied with and preferred a
telehealth approach over having to attend a separate appoint-
ment for speech and language assessment. By providing
screening services during an already scheduled medical
appointment, researchers are limiting the demand on the fam-
ily to balance potentially inflexible work schedules and other
family commitments. Using telehealth during an already
scheduled appointed with a trusted primary care physician
played an active role in ensuring that the child and family
were directed connected to early intervention services, thus
bringing important resources to the patients and their families
as early as possible (Ciccia et al., 2011).

In an effort to extend the reach of telehealth beyond the
domain of speech and language services, Ciccia et al. (2015)
developed and provided preliminary validation of a clinical
trial, Identification of Neurodevelopmental Disabilities using
Telehealth (INvesT) aimed at early detection and diagnosis of
neurodevelopmental disabilities for low-income urban chil-
dren. Similar to earlier work (Ciccia et al., 2011), a develop-
mental risk assessment and screening was conducted via
telehealth at a local community clinic for families during
already scheduled appointments with their pediatricians. The
INvesT project offered screening services within a community
medical facility as a promising way to reach underserved
communities. Through this approach, telehealth has the poten-
tial to allow specialists (e.g., a psychologist or speech and lan-
guage pathologist) to serve several community-based clinics
while not being physically present. Patients and families can
be directly linked with more advanced community resources

through the telehealth mechanism, with the aim of shortening
the time for referral to developmental specialists.

The goal of this article is to report findings from the initial
phase of the INvesT project, which focuses on the use of risk
assessment to determine developmental concerns for children
from low-income families. The data reported in this project
only relate to evaluating the concerns of caregivers of low-
income children and providing a screening tool to assess
children who may be at risk for developing developmental dis-
orders. For more details about the INvesT trial, please refer to
Ciccia et al. (2015). The computerized risk assessment tool
was administered at a neighborhood urban health clinic during
an already-scheduled appointment with a pediatrician. As such,
the risk assessment allowed families and medical personnel to
examine important developmental issues that warrant consider-
ation and potentially place children at risk for developmental
disabilities. By way of illustrating the utility of telehealth for
children with developmental concerns and developmental dis-
abilities, we will address several research questions.

1.1 | Research questions

1. In a high risk, urban sample of children under the age of
7 years, how many of their caregivers express concerns
when asked about their child's development?

a. Do rates of caregiver reported global concerns differ
from rates identified using a total high-risk score gleaned
from the INvesT telehealth risk assessment?

b. Based on the INvesT risk assessment, what are the pri-
mary areas of developmental concern that caregivers
have for their young children and do these differ across
the developmental continuum (i.e., age groups)?

2. Do caregivers with a family history of
developmental/mental health difficulties have children who
are at a higher risk for developmental delay compared to
those that do not report a family history?

a. Are children with a family history of
developmental/mental health difficulties more likely to
be at a higher risk for developmental delays?

b. Does a positive family history of developmental/mental
health difficulties vary by child's chronological age?

2 | METHODS

2.1 | Participants

The data were collected at an urban community clinic that
provides primary care services for low-income, urban,
minority families. The clinic is located in the inner city in
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Cleveland, Ohio and is part of the Northeast Ohio Neighbor-
hood Health Services, Inc. (NEON). The clinic provides pri-
mary healthcare services for patients regardless of their
insurance status. The neighborhood area where the clinic is
located has a median household income of $21,184 (United
States Census Bureau, 2017). The majority of the residents
in the area are African-American (91.5%, United States Cen-
sus Bureau, 2017).

2.1.1 | General sample descriptives

A total of 121 caregivers took part in this study. Of those par-
ticipants, eight were dropped from the analyses because they
gave consent, started the risk assessment, but did not com-
plete it. Also, 16 caregivers were removed from the analyses
because their child did not meet the age criteria (i.e., at least
12 months of age and not exceeding 7 years). The final sam-
ple for this study consisted of 97 caregivers of children
between the ages of 12 months to 7 years (M = 3;3 months;
SD = 1;9 months; see Table 1 for sample size by age group
category). Fifty-one percent (N = 49) of the children in the
sample were female and 49% (N = 48) were male, with the
sample sizes across developmental groups being comparable.

Caregiver demographics for this sample are as follows:
92% (N = 89) of the primary caregivers were female, with
87% (N = 84) of primary caregivers being the child's mother.
The majority of our participants were African-American
(caregivers: 89%, N = 86; children: 93%, N = 90). The
majority of the caregivers had a high school degree or less
(62%, N = 60), with 33% (N = 32) having at least some col-
lege credit or a college degree, and 5% (N = 5) of caregivers
failing to indicate educational attainment. In terms of
employment, 30% (N = 29) of caregivers reported that they
were either stay at home parents or unemployed, 19%
(N = 18) worked in human services (e.g., case manager,
home nurse aide), 16% (N = 15) worked in customer service
(e.g., cashier, sales associate, operator), 12% (N = 12)
worked in other fields, (i.e., hair stylists, warehouse workers,
self-employed), and finally 4% (N = 4) worked in education,
(i.e., teacher's assistant or daycare). Furthermore, 9% (N = 9)

did not specify what type of job they had (e.g., answered
with the word “work”), and 10% (N = 10) were missing
because they did not respond to this question. Eighty percent
of the participants (N = 78) reported that their child sees the
pediatrician at the community clinic on a regular basis, thus
confirming the likelihood that the pediatrician is serving as a
medical home for these families and so is an optimal entry
point for developmental assessment.

2.1.2 | Inclusion criteria

For caregivers to be included in this study, American English,
or any related dialect, must have been the caregiver's and chi-
ld's primary language. Caregivers of children who have not
been diagnosed with a developmental disability and whose
child/children were between the ages of 12 months to 7 years
were eligible to participate.

2.2 | Materials

2.2.1 | Risk assessment

The INvesT risk assessment questionnaire was developed by
Drs. Ciccia and Short who are authors of this article. The risk
assessment was designed to be completed in 10 min by a chi-
ld's caregiver and was written at a fifth-grade reading level
(Flesch–Kincaid Reading Level = 5.6). The child's caregiver
completed the risk assessment using a web-based interface on
an iPad 3. Caregivers responded to a series of questions
including demographics (i.e., gender, ethnicity, education, and
occupation), medical/social history (i.e., family history of
developmental and mental health difficulties), and child-
specific ratings of behavior across seven domains of function-
ing including behavioral problems, social–emotional, repetitive
behaviors, play, cognition, speech/language, and personal
assets (Table 2). Caregivers responded to the family history
and child-specific behavioral concerns with a binary response
(yes/no) indicating whether they had any concerns regarding
their child's development in a particular category
(e.g., behavioral problems). Note that the number and category
of areas of concern were consistent across age groups, how-
ever, the specific behaviors assessed varied based on develop-
mental milestones specific to age. Seven unique age groups
were examined: 12–18 months; 18–24 months; 24–36 months;
3–4 years; 4–5 years; 5–6 years; and 6–7 years). Low scores
on the risk assessment indicate little to no concern. Higher
scores indicate high concern.

2.3 | INvesT scoring

The purpose of the INvesT risk assessment was to identify
developmental concerns to support the early identification of
young children at risk for developmental disabilities. The

TABLE 1 Sample size for each age group

Age groups Sample size (%)

12–18 months 18 (18.6%)

18–24 months 11 (11.3%)

24–36 months 20 (20.6%)

3–4 years 14 (14.4%)

4–5 years 13 (13.4%)

5–6 years 11 (11.3%)

6–7 years 10 (10.3%)
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measure was used with a high-risk sample in an effort to ascer-
tain the viability of this instrument for identifying children at
risk for developmental disabilities. Three measures of risk were
examined. First, a total score was calculated that examined risk
broadly across seven developmental categories (Total High
Risk). Second, Category Specific High Risk Scores were calcu-
lated separately for each of the seven categories of behavior
(i.e., behavior problems, emotion regulation, repetitive behav-
iors, language skills, social and communication skills, play and
cognitive skills, and developmental assets). Finally, a child was
reported at a high risk if a first-degree family member had been
diagnosed with a developmental disability or a mental health

disorder, as indicated in the family history section of the risk
assessment survey (Positive Family History). Family history
was seen as a risk factor based on extensive prior research liter-
ature (e.g., Piven et al., 1990; Piven, Palmer, Jacobi,
Childress, & Arndt, 1997; Tomblin, Smith, & Zhang, 1997).
In our sample, we are uniquely positioned to be able to com-
pare children with and without a family history on child-risk
factors across the seven behavioral domains.

2.4 | Procedure

Caregivers completed the INvesT risk assessment screening
questionnaire using an iPad 3 that was available to them at
the community clinic. Staff nurses at the clinic offered each
family the opportunity to participate in the study and provided
the iPad while the family was waiting to see the pediatrician
or at the completion of the medical appointment. Trained
research assistants were available on site to explain the study's
purpose and to help caregivers in case any questions arose.
The study was approved by the Institutional Review Board
(IRB), using electronic signature to indicate consent.

3 | RESULTS

3.1 | General caregiver concerns

When globally asked “Do you have any concerns about how
your child is developing?” only a small number (11%, N = 11)
of caregivers expressed concerns. Examples of concerns noted
included behavioral problems, attention and hyperactivity, com-
prehension, vision, learning difficulties, language, and speech.

3.2 | INvesT risk assessment

Following the general open-ended question about concerns,
caregivers were queried more specifically on the INvesT risk
assessment about specific developmental milestones. Table 3
reports on the frequencies and percentages of the general
open-ended question about developmental concerns, and com-
pares that to children categorized at developmental risk based
on our three previously mentioned criteria: (a) total high risk,
(b) category-specific high risk, and (c) positive family history.

While 89% of participants reported no concerns regarding
their child's development in the open-ended general format,
when caregivers responded to specific questions assessing
their child's developmental milestones a very different pattern
was revealed. Under the queried conditions, 41% (N = 40) of
caregivers reported none to very little concern, whereas 59%
(N = 57) of caregivers reported four concerns or more (see
Table 4 below). Without this fine-tuned risk assessment,
48% of the children who appear to be at risk by our assess-
ment would not be brought to the attention of the pediatrician.

TABLE 2 Illustration of areas of concern for caregivers with
examples from the 12–18 months age group

Developmental category Examples of items

My child…

Behavioral problems 1. Often is distractible
2. Often is bothered by changes in

routine
3. Often is highly active

Emotional regulation 1. Often has intense reactions
2. Often has negative mood
3. Often cries a lot and is moody.

Repetitive/stereotypical
Behaviors

1. Often flaps hands or walks on
tip-toes.

2. Often repeats what is said to
him/her

3. Often hurts him/herself (i.e.,
head banging, skin picking).

Language skills 1. Often understands several words
(keys, mommy, daddy).

2. Often uses simple word
approximations in a
meaningful way

3. Often says “No” or shakes
head no

Social and communication
skills

1. Often responds to own name
when called

2. Often smiles or laughs while
looking at you

3. Often follows your direction
when you say “look”

Play and cognitive skills 1. Often enjoys playing peek-a-boo
2. Often imitates actions (clapping

hands or making noises)
3. Often knows what to do with

ordinary things (brush, spoon,
phone)

Positive child developmental
assets

1. Often is likable
2. Often is good natured & happy
3. Often eats well

Note: Each developmental category included 5–8 items/areas of concern. Items
that are positively worded were reverse scored.
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3.2.1 | Total caregiver concerns by age group

In order to examine whether caregiver concerns varied as a
function of developmental level, an age group by total risk
assessment score analysis was conducted. Figure 1 shows devel-
opmental trends among children who had been categorized at
risk for developing developmental delays. Caregiver reports of
number of concerns peaked at 12–18 months and again between
3 and 4 years, thus placing kids at a higher risk for developmen-
tal difficulties. Caregivers of children between the ages of
18–24 months and 3–4 years reported a larger proportion of
children at risk for developmental delays, compared to children
who were not at risk in those age groups.

3.2.2 | Category-specific developmental
concerns

In order to examine whether specific developmental catego-
ries were consistently more concerning to caregivers, we ran
frequency analyses on the category specific high-risk score.
As seen in Table 5, 50% of caregivers felt their child's devel-
opment was progressing in a typical manner, with 50%
expressing serious concerns in one or more developmental
category (Table 5).

Given that 50% (N = 49) of children were categorized at
a high risk in at least one developmental category, the ques-
tion remains: What are the most common categories of
development that resulted in risk among our urban children?
Table 6 shows the frequencies of children identified at a
high risk based on each of the seven developmental catego-
ries assessed. Based on reported concerns and regardless of

TABLE 3 Frequencies of general concerns expressed by
caregivers in comparison to the INvesT high-risk categories by age
group. Percentages in parentheses

Concerns expressed
using INvesT risk assessment

Age

General
concerns
expressed

Total high
risk

Total
category
specific
high risk

Positive
history

12–18 months 1 (6%) 10 (56%) 5 (28%) 7 (39%)

18–24 months 1 (9%) 9 (82%) 6 (55%) 9 (82%)

24–36 months 4 (20%) 7 (35%) 7 (35%) 12 (60%)

3–4 years 2 (14%) 11 (79%) 12 (86%) 11 (79%)

4–5 years 0 (0%) 8 (61%) 7 (54%) 11 (85%)

5–6 years 3 (27%) 6 (55%) 5 (45%) 7 (64%)

6–7 years 0 (0%) 6 (60%) 7 (70%) 9 (90%)

Note: Percentages reflect the percentage of that particular age group and not the
entire sample.

TABLE 4 Total sum of concerns reported by caregivers across all
developmental categories

Total concerns Frequency (%)

0–3 (no risk) 40 (41.0%)

4–6 14 (14.5%)

7–10 21 (22.0%)

11–15 12 (12.5%)

16–20 5 (5.0%)

21–31 5 (5.0%)
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FIGURE 1 Frequency (Ns) of children reported to be at a high risk for developmental delay (total high-risk score) by age group
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age group, the majority of children were found to be at a
high risk for behavioral problems (31%; N = 30).

Now that we have ascertained that caregivers most fre-
quently indicated concern about their children's behavioral
problems, emotional skills, language skills, and play/cognitive
abilities, the next step was to determine whether concerns var-
ied as a function of age. As can be seen in Figure 2, regardless
of the child's age, the majority of caregivers were concerned
about behavioral issues. Behavioral concerns appeared to peak
at 3–4 years of age (N = 6; 43% of that age group). Similarly,
although caregivers reported fewer emotional problems than
behavioral problems, emotional problems were viewed as more
concerning later in development (post 4 years) than earlier
(before 3 years). Language was an area that was endorsed as
concerning over a wider age span, between 24 months and
4 years of age. Play and cognitive concerns peaked between
24 and 36 months (N = 3, 15%) similar to the peak noted in
language skills, perhaps in part due to the symbolic nature of
the process. Repetitive behavioral concerns were less likely to
be an issue before age 4. Very few caregivers reported con-
cerns in the area of social development and did not seem par-
ticularly concerned about their children's developmental assets.

3.3 | The role of a family history of
developmental/mental health difficulties

In order to address the second research question, whether
children with a family history of developmental/mental health
difficulties are at a higher risk for developmental delays, a
series of frequency and chi-squared analyses were conducted.
A large proportion of caregivers reported a positive family

TABLE 5 Percentage of children at high risk for developmental
categories (e.g., language problems, Behavioral problems)

Number of developmental
categories considered to be high risk Frequency (%)

0 48 (50%)

1 28 (29%)

2 11 (11%)

3 4 (4%)

4 3 (3%)

5 0 (0%)

6 2 (2%)

7 1 (1%)

Note: Only 9% (N = 8) of children were identified at a high risk using the total
risk score but were not identified at a high risk when using the category-specific
high-risk criteria. Meaning, the caregivers reported four or more concerns across
all the seven developmental categories assessed but not three or more concerns
in one specific developmental category (e.g., behavioral, language, etc.).

TABLE 6 Frequencies of children identified as high risk in
specific categories

Developmental category Frequency (%)

Behavioral concerns 30 (31%)

Emotional concerns 17 (18%)

Language concerns 13 (13%)

Cognitive or play concerns 12 (12%)

Repetitive behavioral concerns 9 (9%)

Social concerns 7 (7%)

Developmental assets 5 (5%)

Note: Percentages in parentheses.
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Cognitive or Play Concerns Repetitive Behavioral Concerns Social Concerns

Developmental Assets

FIGURE 2 Frequency of children categorized (by caregiver) at a high risk for developmental delays, earning a score of 3 or more on each
specific developmental category
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history of developmental and/or mental health difficulties
(68%, N = 66). It was hypothesized that a positive history for
developmental and/or mental health issues may place children
at a higher risk for developmental delays, compared to chil-
dren with no family history of developmental/mental health
difficulties. Further analyses examined whether a positive
family history of developmental or mental health difficulties
varied by child's age (Figure 3).

3.3.1 | Relationships between total high risk
and family history

To examine whether children with a family history of devel-
opmental and/or mental health difficulties were more likely
to be at a higher risk for developmental delays themselves,
we ran a chi-squared analysis. Results showed that a signifi-
cant relationship existed between a positive family history
and being categorized as high risk using the risk assessment,
χ2 (1) = 10.19, p = .001. Odds ratio analyses showed that
children who were categorized at a high risk for develop-
mental delays were 4.81 times more likely to have a family
member with a history of developmental/mental health diffi-
culties compared to children who were not at a high risk.

3.3.2 | Relationships between specific
developmental concerns and family history

Similarly, chi-squared analyses were conducted to evaluate
whether relationships existed between a positive family his-
tory of developmental/mental health difficulties (N = 66)
and specific developmental categories. We found that a

relationship existed between a positive family history and a
high risk for behavioral, emotional, social, and stereo-
typical/repetitive behaviors. Specifically, all children with
high risk for emotional delays (N = 17) and stereo-
typical/repetitive behaviors (N = 9) endorsed having a fam-
ily member with a history of developmental/mental health
difficulties (emotional concerns: χ2 (1) = 9.68, p = .002;
stereotypical/repetitive behavioral concerns: χ2 (1) = 4.66,
p = .03). For behavioral problems, 28 children out of
30 (93%) had a family history of developmental/mental health
difficulties, χ2 (1) = 12.77, p < .001. Odds ratio analyses
showed that children who were at a high risk for behavioral
problems were 10.7 times more likely to have a family mem-
ber with developmental/mental health difficulties, as com-
pared to children who did not have behavioral problems.

4 | DISCUSSION

Over the past decade, prevalence rates of developmental dis-
abilities have been on the rise. It has been widely accepted
that early diagnosis and intervention are critical for children
with developmental difficulties (Reynolds et al., 2007;
Volkmar et al., 1999) and that access to early intervention
improves outcome. Unfortunately, researchers have fre-
quently noted that families who live in poverty often strug-
gle to access appropriate services for their children for a
variety of reasons including transportation, ability to take
time off work, and childcare for other children in the house-
hold. It is imperative for healthcare professionals to make
options available for identification of young children at risk
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for developmental disabilities. Without early identification,
diagnosis, and treatment of developmental delays, these chil-
dren appear to be at increased risk for academic and social
difficulties. Thus, a need for a different and more accessible
approach is critical. Providing caregivers with affordable
and accessible specialized services is crucial if we want low-
income minority children to receive the services that their
more affluent peers are able to access more easily. Since the
majority of caregivers reported that their child visits the
pediatrician regularly, and given that developmental surveil-
lance is recommended by the American Academy of Pediat-
rics (2006), bringing in risk assessment and screening tools
that employ telehealth technology to limit physician and
medical staff burden is the logical next step.

This study utilized a risk assessment questionnaire to
assess developmental concerns among caregivers of children
between the ages of 12 months and 7 years in a low-income
urban setting. Results showed that when parents were asked
if they were concerned in general about their child's devel-
opment, they rarely indicated any concerns. This failure to
express global concerns will likely result in fewer referrals
to specialized services if a parent-query is the only method
used to identify developmental concerns. However, when
asked to specifically indicate whether problems occurred
across specific domains of functioning via the risk assess-
ment questionnaire, approximately 59% of parents expressed
concerns for their child's development. Furthermore, the
majority of these concerns was behavioral in nature and
could be addressed via behavioral interventions. Studies that
have examined behavioral problems in childhood have more
often than not indicated that externalizing problems are rela-
tively stable throughout the school years (e.g., Harvey et al.,
2009; Lavigne et al., 2001; Owens & Shaw, 2003). The
notion that children might grow out of their behavioral prob-
lems appears unlikely, particularly in an urban low-income
setting. The findings from this analysis suggest that we may
be able to identify children as young as 12 months of age
that might benefit from early intervention but are currently
not asking for services from their healthcare providers.

Not surprisingly, in our sample, caregivers who reported
a positive family history of developmental/mental health dif-
ficulties were more likely to have children who were at a
high risk for developmental disorders themselves. Because
the INvesT risk assessment specifically included family his-
tory in its scoring protocol, we were able to identify this
linkage. It appears that direct consideration of family history
is important, and could be easily overlooked during a time-
constrained medical visit. Thus, while the risk assessment
is not a diagnostic tool, it seems to serve an important gate-
keeping goal for identifying children who may be in need of
further monitoring or evaluation but may otherwise be
overlooked.

While the American Academy of Pediatrics recommends
that pediatricians screen children for developmental delays
and ASD, the majority of pediatricians have indicated a
lack of confidence in administering these screenings
(Weitzman & Wegner, 2015). In addition, pediatricians have
reported that other common barriers for screenings include
limited time with patients, lack of available mental health
providers, and liability issues (Weitzman & Wegner,
2015). Thus, not only do we need to educate our care-
givers, but we need to support the pediatricians who are
providing services for the families. Through the use of
telehealth, specialized professionals (e.g., child psycholo-
gists and speech and language pathologists) can be
remotely available at community clinics and work as a
team with pediatricians to provide them with the resources
that they need.

One of the exciting findings in this study was that 78%
of caregivers reported that their child sees the pediatrician
at the community clinic regularly. For this reason alone,
by partnering with the pediatrician, professionals that spe-
cialize in child development can put risk assessments and
screening tools in place to start the critical conversations
about a child's development. By identifying potential
areas of concern, a necessary opening is established for
caregiver education and coaching that could off-set the
needs for intensive early intervention for some of these
children.

This analysis of one component of the INvesT project pro-
vides a foundation for improving developmental screening for
at-risk low-income urban families as a step for them to receive
the services that their children may need. Through the use of
telehealth, caregivers can pinpoint whether their child needs
any support and can then be connected to resources that might
offer these services. Telehealth is a seamless platform through
which this can occur. By using telehealth to bring develop-
mental screening to the pediatrician's office, which is usually
the only specialist that low-income families have frequent and
direct contact with, families can now have resources that may
not have been readily available to them in the past. While the
application of telehealth in urban settings with young children
remains relatively new, our data demonstrate promise for
helping low-income families to both realize their child's
developmental needs, but also to arm them with resources
that they need to seek early intervention. Thus, providing
telehealth risk assessment within local community clinics is a
likely cost-saving option. It also allows us to offer support for
the doctors who work in underserved areas by providing them
with the tools that are needed for screening and diagnostic
services. This provides doctors with resources that their
patients and families need without having to visit multiple dif-
ferent service providers.
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4.1 | Limitations and future directions

While this study offers some insights regarding the services
that low-income families might require and the feasibility of
telehealth at community clinics, one limitation is that we
relied on the caregivers' report of their child's abilities. In
order to further validate the risk assessment, a full screening
battery is necessary for comparison and is currently in pro-
cess in the INvesT project. Furthermore, since the data used
telehealth and was collected in the waiting room of the com-
munity clinic, some practical challenges arose that future
research can learn from. For openers, internet difficulties
were commonplace in the clinic and staff were too busy to
address these issues. As such, some patients failed to com-
plete the interviews because of technological problems.
Additionally, before some parents could complete the inter-
view, they were called into their appointment. As this was a
self-administered risk assessment, families often lost sight of
the risk assessment at the end of their appointment. Since
the intent of INvesT risk assessment is to limit burden on all
involved, we need to continue to explore the optimal point
of inclusion in the clinical workflow that would allow both
for the caregiver to have enough time to complete the risk
assessment and for the physician scheduled to have limited
disruptions. Furthermore, while our risk assessment was
appropriate for anyone who is at a Grade 5 reading level,
readability remained challenging for some participants.
Future research should include pictures in order to enhance
understanding. Finally, due to the limited sample size in this
study caution should be taken when generalizing the results
to other populations.

5 | CONCLUSION

Telehealth is a promising method for providing developmen-
tal risk assessment and screening services for low-income
urban children. The overall goal of the INvesT project is to
develop and evaluate the delivery of a risk assessment ques-
tionnaire using telehealth that is specifically created for use
with a low-income urban population. The INvesT risk
assessment was designed to be highly sensitive and identify
any child who may be at risk for a developmental disability.
We were able to identify that most families did not indepen-
dently report developmental concerns, but that concern sur-
faced when queries about specific developmental milestones
were presented. The areas that were consistently endorsed as
concerning were in the areas of behavior, emotion, and lan-
guage. Without the INvesT protocol, it is unclear when and
if these concerns would have come to the attention of both
the caregiver and the pediatrician.

INvesT is meant to bring risk assessment into the pedia-
trician's office that is located within a family's community so

families who are faced with barriers to accessing information
or resources on their child's development can start this devel-
opmental conversation early with their primary caregiver.
This primary caregiver will in turn receive the resources
needed to direct these families to the appropriate clinics
where they can provide their children with diagnostic screen-
ings and early intervention, if needed.
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