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Background: Bright by Three (BB3), a non-profit organization that promotes caregiver behaviors to 
support language development in young children was augmented with a text-messaging program, Bright by 
Text (BBT), in 2015. While some evidence suggests that text-messaging can promote early development, it is 
unknown if these interventions are reaching children at increased sociodemographic risk for developmental 
delay. The purpose of this study is to compare socio-demographic characteristics of caregivers who did and 
did not enroll in BBT.
Methods: Retrospective analysis of caregivers who received BB3 written materials and were eligible to sign 
up for BBT in 2016. Outcomes: (I) provision of a mobile phone number; (II) enrollment in BBT (receipt of 
3+ messages). Predictors: education, marital status, race/ethnicity, insurance, language, and urban vs. rural 
residence. A multivariable generalized linear model was used to determine characteristics of caregivers more 
likely to sign up for BBT. 
Results: A total of 18,145 caregivers received BB3 written materials; 10,843 (60%) provided a mobile 
phone number and 2,314 (21%) enrolled in BBT. The relative risk (RR) of enrollment was higher for 
caregivers who were non-minority (RR 1.15, 95% CI, 1.04–1.28), had higher education (1.60, 1.35–1.89), 
had private insurance (1.15, 1.15–1.28) and lived in urban areas (1.21, 1.06–1.37). Non-English speaking 
caregivers were less likely to enroll (0.73, 0.59–0.90). 
Conclusions: Caregivers with lower incomes and education, minorities and non-English speakers were less 
likely to enroll in BBT. Future research could identify ways to increase engagement among these populations 
and determine if BBT is effective in changing parent behavior and improving children’s development. 
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Introduction

In 1995 Hart and Risley found that low-income children 
heard an average of 30 million fewer words during the 
first 3 years of life compared to their higher income peers. 
Likewise, low-income children were less likely to hear 
words of praise and encouragement from their caregivers. 
These children had lower vocabulary and IQ scores at age 
3 years and went on to have comparatively lower language 
skills at age 9–10 years (1). Indeed the “30-million-word 
gap” discovered by Hart and Risley has received much 
attention as child health and development experts grapple 
with how to narrow this divide. Other studies have found 
that low-income children go on to have poor school 
readiness (2), reduced academic success (3), lower adult 
earning potential and worse long-term health outcomes (4).  
The accumulation of stressors precipitated by poverty, 
neglect, and abuse is termed toxic stress, and this prolonged 
stress response has been found to have a significant impact 
on early brain development and architecture (5-9).

Research has shown that supportive and responsive 
relationships with caring adults early in life can prevent or 
reverse the effects of toxic stress and narrow the gaps in 
academic achievement, adult earning potential, and health 
outcomes faced by low-income children (10). Intensive 
center-based interventions as well as less intensive pediatric 
practice based interventions have been found to have positive 
impacts on long-term health related outcomes as well as 
short-term impacts on home environment and early language 
development (11-15). The reach of these programs, however is 
limited by cost and location making mobile health (mHealth) 
interventions an inexpensive and attractive alternative.

According to the PEW Research Center, in January 
2017, 92% of adults with income less than $30,000/year 
reported owning a cell phone and 64% reported owning 
a smartphone (16). There has been a proliferation of 
interventions to promote health that utilize text messaging 
or Short Messaging Service (SMS). This is encouraging in 
the face of a shrinking digital divide and increasing access 
to Internet-enabled or “smart” mobile phones, and suggests 
there are increasing opportunities to reach lower income 
and persons who face disparities in health outcomes with 
mobile and technology-based solutions (17). mHealth is 
the delivery of healthcare and public health interventions 
via mobile devices such as smart phones and tablets. With 
the potential to reach many different segments of the 
population at minimal cost, these interventions have a wide 
reach and can be easily scaled. 

While there is a growing body of evidence that well 
designed mHealth interventions can impact health behavior 
and health outcomes, we know little about low-income 
populations’ motivations to adopt mHealth solutions and 
whether the benefits of mHealth extend to low-income 
communities. For example, recent studies have found that 
text-messaging programs can increase home support for 
language development thus improving early literacy (18,19). 
Less is understood, however, about whether these types of 
interventions are actually being adopted and used by low-
income, minority and non-English speaking caregivers. 
If these interventions are not reaching this high priority 
audience, it is difficult to study effectiveness in the target 
population. The purpose of the present study was to 
determine the reach of a text-messaging program designed 
to promote early child development by understanding the 
sociodemographic characteristics of caregivers who enrolled 
in the program. We hypothesized that caregivers with 
lower income and education, minorities, and non-English 
speakers would be less likely to enroll.

Methods

This is a retrospective analysis of caregivers who were 
involved with Bright by Three (BB3) in 2016. Approval for 
this secondary analysis of BB3 program data was obtained 
from the Colorado Multiple Institution Review Board 
(COMIRB). 

Description of the BB3 and BBT programs 

BB3 (formerly Colorado Bright Beginnings) was founded 
in 1995 to promote the well-being, of all of Colorado’s 
children. The organization reaches more than 20,000 
families each year. BB3 is focused on the promotion of 
responsive parenting and encourages caregivers to talk, 
read, play with and praise their young children. Materials 
are provided to caregivers of children ages 0–3 years and 
include a picture book (20), parent handbook, Language 
Power (21) and Learning Games (22) These materials are 
designed to advise parents on how they can engage in 
activities to support their child’s cognitive, language and 
social emotional development. BB3 makes special efforts 
to outreach to low income families via partnerships with 
medical clinics, hospitals, community organizations and 
home visitation programs. 

Bright by Text (BBT) was initiated in 2015 to augment 
BB3’s existing printed materials. BBT delivers free advice 
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about developmentally appropriate activities and games as 
well as information about local resources to caregivers via 
short and easy to read SMS messaging. Messages are written 
at a 6th grade reading level and contain a link to a landing 
page where users can navigate for more information. 
Caregivers are invited to enroll in BBT via a postcard that is 
included in a toolkit with their BB3 written materials. BBT 
is available in English and Spanish.

Data

When caregivers received a BB3 toolkit they were asked 
to provide sociodemographic information including race/
ethnicity, education, insurance, language spoken at home, 
marital status and zip code. These data were used to 
estimate associations between BB3 and BBT participation 
and sociodemographic characteristics. Caregivers who 
identified as a race other than white or reported Hispanic 
or Latino ethnicity were considered minorities. BB3 does 
not collect data on household income but does document 
type of health insurance. Caregivers who reported that they 
had public health insurance (Medicaid or CHP+) or were 
uninsured were considered lower income. Caregivers who 
reported that they had private insurance were considered 
higher income. BB3 also collected information on caregiver 
education. Caregivers were separated into one of 3 possible 
categories: those who did not graduate from high school, 
high school graduates and college graduates or higher. 
Marital status was also collected. Caregivers who reported 
that they were single, divorced or widowed were considered 
unmarried and those who reported that they were married 
or living with their partner were considered married in 
analyses. Caregivers who reported speaking only English 
or English and another language were considered English 

speakers. Caregivers who reported speaking only Spanish 
were non-English speakers. Population density was 
determined by the zip code caregivers provided at intake. 
When they received their BB3 packet, caregivers were also 
asked to provide a mobile phone number. If a mobile phone 
number was provided, we assumed that users had access to a 
mobile device and were able to receive messages.

Outcome variables

Outcome variables were provision of a mobile phone 
number upon receipt of a BB3 packet and enrollment 
in BBT. Enrollment was defined as receipt of 3 or more 
text messages which signals initiation of enrollment by 
the caregiver, response to a prompt to input their child’s 
information and preferred language, a text message to 
confirm enrollment, and receipt of the first text message 
containing targeted content.

Analysis

Chi-square tests were used to estimate associations between 
sociodemographic characteristics and provision of a mobile 
phone number. A multivariable generalized linear model 
with a log link was fit to determine the sociodemographic 
characteristics associated with enrollment in BBT. 

Results

In 2016, 18,145 unique caregivers received a BB3 toolkit. Of 
them, 10,843 (60%) provided a mobile phone number upon 
receiving the toolkit. Twenty-one percent of caregivers who 
provided a mobile number completed enrollment in BBT 
(N=2,314) (Figure 1).

Figure 1 Caregivers receiving BB3 toolkit, providing mobile phone number, and enrolling in BBT in 2016. BB3, Bright by Three; BBT, 
Bright by Text.

BB3 visit in 2016 
N=18,145

No mobile phone # provided 
 N=7,302

Didn’t enroll in BBT 
N=8,529

Enrolled in BBT (3 or more 
text messages received) 

N=2,314

Mobile phone # provided
 N=10,843
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Characteristics associated with provision of a mobile number 

Provision of a mobile phone number was significantly 
associated with language spoken in the home, payer, race/
ethnicity and caregiver marital status. After receiving the 
BB3 materials, the proportion of caregivers who spoke 
only English was significantly lower in the group that 
provided a mobile phone number as compared to the group 
that did not provide a mobile phone number (P<0.0001). 
The proportions of caregivers with private insurance and 
married caregivers were significantly higher among those 
who provided a mobile phone number as compared to those 
who did not provide a mobile phone number (P=0.004 and 
0.02 respectively). The proportion of Hispanic caregivers 
was significantly higher in the group that provided a mobile 
phone number than in the group that did not provide a 
mobile phone number (P=0.045) There were no significant 
differences in caregiver education and rural vs. urban 
location between the two groups (Table 1).

Characteristics associated with enrollment in BBT

In univariate analyses, among caregivers who provided a 
mobile number, Hispanic and non-White caregivers were 
less likely to enroll than White non-Hispanic caregivers. 
Caregivers with public health insurance, or who were 
uninsured, were less likely to enroll than caregivers private 
insurance. Caregivers who had not completed high school 
were less likely to enroll than high school graduates or 
college graduates. Caregivers who were single were less likely 
to enroll than married caregivers. Caregivers who spoke 
only Spanish were less likely to enroll than English speaking 
caregivers. Caregivers living in rural or frontier areas were 
less likely to enroll than those living in urban areas (Table 2). 

In a multivariable model, among caregivers who 
provided a mobile number, non-Hispanic White caregivers 
were more likely to enroll in BBT than Hispanic or non-
White caregivers (RR 1.15, 95% CI, 1.04–1.28). Language 
spoken at home was associated with enrollment and Spanish 
speaking only caregivers were less likely to enroll in BBT 
than English speaking only caregivers (RR 0.73, 95% CI, 
0.59–0.90). There was no difference in enrollment between 
English speaking only caregivers and bilingual caregivers. 
Caregivers with private insurance were more likely to enroll 
than caregivers who had public insurance or were uninsured 
(RR 1.15, 95% CI, 1.15–1.28). Caregivers who completed 
college (RR 1.60, 95% CI, 1.35–1.89) or graduated from 

high school (RR 1.32, 95% CI, 1.13–1.54) were more likely 
to enroll than caregivers who did not graduate from high 
school. Caregivers living in urban areas were more likely 
to enroll than caregivers living in rural or frontier areas 
(RR 1.21, 95% CI, 1.06–1.37). There was no significant 
difference in enrollment based on marital status (Table 3).

Discussion

BB3 successfully reached out to thousands of lower income, 
minority caregivers in 2016. Many of these caregivers 
had less than a high school education, were non-English 
speaking and lived in rural areas. Hundreds of these 
caregivers enrolled in BBT as a result of these outreach 
efforts. Despite these successes, these caregivers remained 
statistically less likely to enroll in BBT than non-minority, 
English-speaking caregivers with more resources. This 
is important because traditionally underserved children 
represented by these populations are at higher risk for poor 
school readiness and academic achievement, and more likely 
to live in a home environment that is less supportive of early 
development (1,3,6,23). Since we excluded caregivers who 
did not provide a mobile phone number at enrollment from 
analyses, lack of access to a mobile device does not explain 
the disparities in enrollment that we found. 

Since 2016, BB3 has been working with its community 
partners to improve outreach efforts to traditionally 
underserved populations. This is critically important 
because, despite the rapid growth of mHealth programs 
targeting the promotion of early child development, 
there are scant data available about which caregivers are 
engaging with these programs and which outreach efforts 
can successfully engage caregivers and children who would 
most benefit from these interventions. Further research is 
needed to evaluate whether or not BB3’s outreach efforts 
are successful as well as to identify barriers to enrollment 
and engagement with BBT and mHealth interventions in 
general. Possible barriers to engagement may include higher 
rates of interrupted mobile phone service among caregivers 
with fewer resources, a higher level of mistrust or stronger 
desire to preserve privacy among culturally diverse caregivers, 
or lower technological literacy (24). These findings 
underscore the need to meaningfully engage and solicit 
perspectives from lower income and racially diverse groups 
in the design of similar interventions, and to ensure that 
strategies for recruitment and enrollment in programs follow 
best practices for engagement of diverse audiences (25-27). 
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Table 1 Description of socio-demographic factors of caregivers who received a BB3 toolkit in 2016 (N=18,145)

Socio-demographic variable
Provided mobile, n (%) 

(N=10,843)
Didn’t provide mobile, n (%)  

(N=7,302)
Total (N)

Ethnicity

Hispanic 4,228 (42.2) 2,422 (40.6) 6,650

Non-Hispanic 5,794 (57.8) 3,548 (59.4) 9,342

Race

White 6,975 (76.1) 4,391 (75.6) 11,366

American Indian Alaskan Native 185 (2.0) 102 (1.8) 287

Asian 285 (3.1) 188 (3.2) 473

African American 537 (5.9) 419 (7.2) 956

Pacific Islander 44 (0.5) 33 (0.6) 77

Other 588 (6.4) 313 (5.4) 901

Two or more races 555 (6.0) 358 (6.2) 913

Payer

CHP+ 267 (3.0) 199 (3.5) 466

Medicaid 5,745 (65.2) 3,785 (67.1) 9,530

No insurance 153 (1.7) 84 (1.5) 237

Private insurance 2,653 (30.1) 1,570 (27.9) 4,223

Caregiver education 

College degree or higher 2,952 (29.8) 1,842 (29.7) 4,794

High school diploma/some college 5,264 (53.2) 3,313 (53.5) 8,577

< high school graduation 1,676 (16.9) 1,041 (16.8) 2,717

Marital status 

Not married 2,918 (28.4) 1,968 (30.1) 4,886

Married, living with partner 7,354 (71.6) 4,566 (69.9) 11,920

Language spoken at home  

English only 7,043 (69.9) 4,877 (74.4) 11,920

English/Spanish 1,471 (14.6) 769 (11.7) 2,240

Spanish only 1,135 (11.3) 677 (10.3) 1,812

Other 420 (4.2) 230 (3.5) 650

Residence

Urban 9,051 (83.9) 6,126 (84.3) 15,177

Rural 1,412 (13.1) 942 (13.0) 2,354

Frontier 327 (3.0) 198 (2.7) 525

BB3, Bright by Three.
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Table 2 Comparison of socio-demographic factors between caregivers who did and did not enroll in BBT (N=10,843)

Socio-demographic variable
Enrolled in BBT, n (%) 

(N=2,314)
Didn’t enroll in BBT, n (%) 

(N=8,529)
Total (N) P value

Ethnicity <0.0001

Hispanic 703 (16.6) 3,525 (83.4) 4,228

Non-Hispanic 1,445 (24.9) 4,349 (75.1) 5,794

Race  <0.0001

White 1,609 (23.1) 5,366 (76.9) 6,975

American Indian Alaskan Native 33 (17.8) 152 (82.2) 185

Asian 49 (17.2) 236 (82.8) 285

African American 102 (19.0) 435 (81.0) 537

Pacific Islander 10 (22.7) 34 (77.3) 44

Other 88 (15.0) 500 (85.0) 588

Two or more races 117 (21.1) 438 (78.9) 555

Payer <0.0001

CHP+ 69 (25.8) 198 (74.2) 267

Medicaid 1,086 (18.9) 4,659 (81.1) 5,745

No insurance 25 (16.3) 128 (83.7) 153

Private insurance 778 (29.3) 1,875 (70.7) 2,653

Caregiver education  <0.0001 (Mantel-Haenszel)

College degree or higher 854 (28.9) 2,098 (71.1) 2,952

High school diploma/some 
college

1,077 (20.5) 4,187 (79.5) 5,264

< high school graduation 216 (12.9) 1,460 (87.1) 1,676

Marital status  <0.0001

Not married 503 (17.2) 2,415 (82.8) 2,918

Married, living with partner 1,702 (23.1) 5,652 (76.9) 7,354

Language spoken at home  <0.0001

English only 1,682 (23.9) 5,361 (76.1) 7,043

English/Spanish 291 (19.8) 1,180 (80.2) 1,471

Spanish only 141 (12.4) 994 (87.6) 1,135

Other 79 (18.8) 341 (81.2) 420

Residence  0.001

Urban 1,991 (22.0) 7,060 (78.0) 9,051

Rural 258 (18.3) 1,154 (81.7) 1,412

Frontier 55 (16.8) 272 (83.2) 327

BBT, Bright by Text.
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This is a critical step in improving access to early childhood 
interventions using mobile solutions and can inform other 
efforts to use mHealth solutions in health promotion and 
disease prevention.

This study had some limitations. The BB3 toolkit, and 
information about BBT, were delivered by community 
partners in most cases. These partners may have had varied 
levels of technological literacy themselves or competing 
program priorities and information to deliver during 
the visit, thus making fidelity to the delivery of the BB3 
materials variable. In 2016, BBT was a new program and 

unfamiliar to many community partners which likely 
impacted efforts to promote the program. However, there 
is expected variability in the delivery of public health 
interventions and, pragmatically, conformity to a particular 
script or presentation of materials can never be guaranteed 
with a high degree of certainty.

Conclusions

mHealth interventions promoting early childhood 
development have the potential to reach caregivers across 
a broad spectrum of the population. However, it cannot 
be assumed that because of increased access to mobile 
technology, underserved populations will readily adopt and 
engage with these interventions. Barriers to adoption and 
engagement exist among caregivers with lower education 
and income, minorities, non-English speakers and those 
living in rural areas. These barriers must be elucidated and 
addressed before well-meaning interventions can reach 
their intended audience and effect meaningful public health 
outcomes. Future research should focus on the identification 
of barriers to adoption of BBT among target populations, 
evaluation of efforts to improve outreach and enrollment 
among traditionally underserved populations, analysis of the 
socio-demographic characteristics of caregivers enrolling in 
BBT after exposure to mass advertising efforts, and parental 
behavior change and developmental outcomes of children 
after engagement with BBT.
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Table 3 Relative risk of enrollment in BBT based on socio-
demographic characteristics

Total invited to participate in 
BBT (N=10,843)

Relative 
risk

95% confidence 
interval

Race/ethnicity

Non-Hispanic White 1.15 1.04–1.28

Hispanic/non-White Referent

Language spoken at home

English only Referent

Spanish only 0.73 0.59–0.90

English/Spanish 1.02 0.90–1.17

English/other 0.83 0.67–1.04

Payer

Private 1.15 1.15–1.28

Public/uninsured Referent

Maternal education

College graduation 1.6 1.35–1.89

High school graduation/
some college

1.32 1.13–1.54

Less than high school 
graduation

Referent

Marital status

Married 1.1 0.99–1.23

Single Referent

Residence

Urban 1.21 1.06–1.37

Rural/frontier Referent

BBT, Bright by Text.
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of BB3 program data was obtained from the Colorado 
Multiple Institution Review Board (COMIRB). 
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