
Children and Youth Services Review 128 (2021) 106133

Available online 24 June 2021
0190-7409/© 2021 Elsevier Ltd. All rights reserved.

Light-touch design enhancements can boost parent engagement in 
math activities 

Yana A. Kuchirko a,*, Lerzan Z. Coskun b, Helena Duch c, Maria Marti Castaner d, Lisa 
A. Gennetian e 

a Brooklyn College, City University of New York, United States 
b The Nurture Science Program at Columbia University Medical Center, United States 
c Columbia Mailman School of Public Health, United States 
d Section of Health Services Research, Department of Public Health, University of Copenhagen, Copenhagen, Denmark 
e Duke University, United States   

A R T I C L E  I N F O   

Keywords: 
Parent involvement 
Early numeracy 
Home experiences 
Socioeconomic gaps 

A B S T R A C T   

Early proficiency in math skills is increasingly being seen as an independent area worthy of early curriculum 
development and policy investment to reduce socioeconomic disparities in children’s school readiness. However, 
scalable approaches for parents to support their children’s emerging math skills at home are limited. We examine 
how behavioral economics (BE)–informed enhancements to an existing play-based school readiness curriculum, 
Getting Ready for School, can promote parents’ involvement in mathematical activities with their children. The 
BE-informed enhancements included strategies specifically intended to normalize math and alleviate math 
anxiety by interweaving fundamental math components such as numbers, patterns, and shapes into daily 
parent–child interactions. The customized supplemental math content and images––delivered via text messages, 
along with personalized invitations to Getting Ready for School math workshops––increased family attendance at 
the math workshops. Math scores were higher among children in the GRS-BE math enhancement group but not 
statistically distinguishable from the comparison group when controlling for covariates.   

1. Introduction 

Math abilities exhibited as early as a child’s preschool years relate to 
children’s academic skills across various cognitive domains (Duncan 
et al., 2007; Feinstein & Bynner, 2004; Jordan, Kaplan, Ramineni, & 
Locuniak, 2009; Phillips & Shonkoff, 2000). Emerging math skills are 
increasingly viewed as an independent area worthy of early curriculum 
development and policy investment to reduce socioeconomic disparities 
in children’s school readiness (Duncan et al., 2007; Huntsinger, Jose, & 
Luo, 2016). Such scholarship responds to a well-documented line of 
research showing that families from low-income communities enter 
school behind their higher-income peers in math (e.g., Reardon & Por-
tilla, 2016). To narrow these gaps, interventions have been designed to 
promote and reinforce the teaching of math concepts prior to formal 
school entry; these programs include Rightstart, Number Worlds, 
Building Blocks, and Big Math for Little Kids (Greenes, Ginsburg, & 
Balfanz, 2004; Griffin, 2004; Griffin, Case, & Siegler, 1994; Sarama & 

Clements, 2004). The attention and investments directed toward 
teachers’ implementation of these programs are not matched by an 
equivalent focus on what parents can teach and reinforce outside school. 
With a few exceptions, cost-effective, scalable approaches to encourage 
parents to spend time on math activities are relatively underexplored 
and understudied. In particular, strategies are needed to complement 
school readiness curricula that normalize math activities and address 
misconceptions and anxieties about math content, which are hypothe-
sized to hamper parent engagement. This study aims to help fill this gap. 

Although the potential importance of math seems to be increasingly 
recognized in research and policy circles and in classroom curricula, 
parents report spending more time on literacy-related activities than on 
math-related activities on a weekly basis (Cannon & Ginsburg, 2008). 
This finding may in part be due to the fact that there are relatively fewer 
efforts to communicate with and educate parents about math, as 
compared to language and literacy. It may also be in part due to parents’ 
avoidance of math because of misconceptions about mathematics (e.g., 
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math is abstract, difficult, and unrelated to everyday life) and parents’ 
anxiety about their own math abilities (e.g., “I’m bad at math and 
therefore can’t help my child with math homework”). Parent anxieties 
and misconceptions affect the quality and amount of time parents spend 
on math activities with their children, even in the context of information 
and education about the importance of math for children’s school 
readiness (e.g., Soni & Kumari, 2017). Failing to address such parent 
anxieties in the context of existing promising early childhood pro-
gramming may have the unintended consequence of diluting the pro-
gram’s impact on children’s math skills. 

We apply insights from the interdisciplinary field of behavioral 
economics (BE)––which lies at the nexus of economics and social psy-
chology––to guide ways in which strategies may be designed to facilitate 
parents’ engagement with early childhood programs and curricula. We 
pay particular attention to cognitive processes or biases that might 
interfere with engagement in math activities with children. Previous 
studies using these data collected in prior waves have shown a program 
impact on literacy, but not on math scores (Gennetian et al., 2019). 
These null findings motivated us to implement math-specific messages 
into the intervention. Here, we examine how BE enhancements affect 
preschool children’s math assessments. We specifically tested whether 
supplemental math-specific, BE-informed text message content and 
images, coupled with personalized invitations to math workshops, in-
tegrated into a broader preschool curriculum in New York City Head 
Start classrooms called Getting Ready for School (GRS) would increase 
parents’ attendance at math workshops and improve children’s math 
skills. 

2. Math abilities in early childhood 

Two separate strands of child development research support the 
potential benefits of targeting children’s home environments and 
intervening with parents in addition to teachers and schools. First, 
young children grasp elaborate mathematical concepts, and this un-
derstanding emerges early in life (Gelman & Gallistel, 1978; Ginsburg, 
Klein, & Starkey, 1998; Siegler & Robinson, 1982). Thus, encouraging 
parents to see math as something even young children can learn is 
important for fostering school readiness skills. Second, one of the key 
predictors of children’s math skills is parental language: the amount of 
time parents spend talking about math concepts with their preschool 
children predicts children’s later knowledge of number concepts (Gun-
derson & Levine, 2011; Levine, Suriyakham, Rowe, Huttenlocher, & 
Gunderson, 2010). Increased math talk during everyday activities might 
help children build a positive attitude toward math learning and deepen 
their understanding of basic math concepts. Notably, how parents 
engage in math concepts during activities is integral to promoting 
children’s math and spatial skills. Parents’ focus on cardinality and 
spatial relations (e.g., emphasizing numerical identification, labeling 
and comparing set sizes, simple addition, and rote counting) is key to 
fostering their children’s math abilities (Casey et al., 2018; Zippert & 
Rittle-Johnson, 2020). 

2.1. Factors that contribute to parents’ engagement in children’s math 
activities 

Despite the rising awareness of the importance of math skills for 
academic success, parents are more likely to engage in literacy activities 
than math activities on a weekly basis with their children (Cannon & 
Ginsburg, 2008). Literacy has had a spotlight in research, policy, and 
educational circles for decades, whereas math is a relatively new focus. 
Additionally, contemporary awareness of the significance of early math 
skill development may be limited to the research and policy community, 
resulting in math campaigns targeted primarily at teachers and schools 
rather than parents. Recently, researchers have focused on parents’ and 
children’s approaches to math activities to explain variation not 
accounted for by other potential predictors, such as school contexts, 

socioeconomic status, and parental education (Foley et al., 2017; Ganley 
& McGraw, 2016; Park, Bermudez, Roberts, & Brannon, 2016). This 
body of work highlights two important factors that shape parents’ in-
teractions with children: fear of, or apprehension about, math (Ashcraft 
& Kirk, 2001; Beilock & Maloney, 2015; Foley et al., 2017; Wang et al., 
2014) and conceptions of math as too abstract or complicated for young 
children (Hendrickson, Siebert, Smith, Kunzler, & Christensen, 2004; 
Lopez & Donovan, 2009). 

Parents hold conceptions about math that may affect how much they 
engage with young children in math activities. Such conceptions toward 
math are generally based on parents’ personal experiences, likely drawn 
from their own education or employment, and may contribute to the 
misconception that math is a complex and formulaic theory rather than 
a core facet of daily life (Cannon & Ginsburg, 2008). Parents may believe 
that they do not know enough math themselves to take part in their 
child’s math education. For instance, they may not be aware that 
everyday vocabulary (e.g., words such as through or under) represents 
math concepts or that family routines such as cooking, reading books, or 
shopping present opportunities for fostering their children’s math abil-
ities (Maloney, Ramirez, Gunderson, Levine, & Beilock, 2015). 

Similarly, anxieties about practicing math activities and conveying 
math vocabulary and skills may discourage parents from feeling skilled 
enough to engage in math-related activities with their children. Anxiety 
over math (computational) ability is high for much of the general pop-
ulation (Ashcraft, 2002; Ashcraft & Ridley, 2005; Hart & Ganley, 2019) 
and thereby places demands on cognitive resources beyond the actual 
math ability required for an activity (Ashcraft & Kirk, 2001). Studies 
show that math avoidance emerges when individuals perceive the costs 
of effortful math engagement as outweighing its benefits and, in turn, 
are more likely to choose easier, low-reward problems (Choe, Jenifer, 
Rozek, Berman, & Beilock, 2019). Concerns about poor performance sap 
the executive functioning skills––such as working memory––necessary 
to complete the task (Ashcraft & Kirk, 2001). Thus, as when facing any 
cognitively demanding or threatening task, parents, like many humans, 
may be inclined to avoid math-related activities altogether (Ashcraft & 
Moore, 2009; Dowker, Sarkar, & Looi, 2016; Hembree, 1990). Notably, 
math aptitude beliefs are particularly entrenched relative to other sub-
jects, suggesting the need for interventions that address parental mis-
conceptions and anxieties about math activities. 

Scholarship from BE contributes additional explanations for why 
parents might not engage in math with children: they might expect time 
dedicated to math activities to be greater in the future than in the pre-
sent (Zauberman & Lynch, 2005), experience limited attention (Karlan, 
McConnell, Mullainathan, & Zinman, 2016), or face high cognitive 
overload (Iyengar & Lepper, 2000; Thaler & Benartzi, 2004). All of these 
factors could serve as psychological barriers to parents’ involvement in 
math activities and may be addressed by applying a BE lens to decisions 
regarding parental time investment in educationally enriching activities. 

3. Behavioral economics approach to promoting math activities 

As the literature on the role of parental math talk and its relation to 
children’s math skills has burgeoned (e.g., Berkowitz et al., 2015; Dur-
kin, Shire, Riem, Crowther, & Rutter, 1986; Gunderson & Levine, 2011; 
Levine et al., 2010; Ramani, Rowe, Eason, & Leech, 2015; Vandermaas- 
Peeler, Boomgarden, et al., 2012; Vandermaas-Peeler, Ferretti, & Lov-
ing, 2012), interventions targeting parent–child interactions around 
math have likewise gained increasing attention. Interventions designed 
to promote children’s math skills generally show favorable effects; 
however, the tested strategies are predominately tailored for delivery by 
teachers in classroom settings (e.g., Building Blocks, Making PreK 
Count, High 5s Club; Mattera, Jacob, & Morris, 2018). Although school 
contexts and teacher delivery of math curricula appear integral to 
children’s educational success, children display enormous variation in 
their numerical and math knowledge before their entry into schooling 
(Klibanoff, Levine, Huttenlocher, Vasilyeva, & Hedges, 2006; Starkey, 
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Klein, & Wakeley, 2004). Because the sources of variability in children’s 
math skills remain an important question, recent research has pivoted 
toward examining the role of the home environment in shaping chil-
dren’s math skills (Anders et al., 2012; Hart, Ganley, & Purpura, 2016; 
Melhuish et al., 2008). 

Although some existing best practices expand on the math-related 
activities parents may already be doing with their children, the activ-
ities may not always be designed in ways that address the specific mis-
conceptions or anxieties that may serve as barriers to parent engagement 
in math activities. Many existing parent-targeted math interventions (e. 
g., Bedtime Learning Together; Berkowitz et al., 2015) assume that 
parents are receptive and available to engage in math-related activities 
with their children. Factors that may deter parents from engaging in 
math activities with their children, outside of accessibility and financial 
cost, are not explicitly integrated into the design of such parent-targeted 
early math materials and activities. These factors may include, but are 
not limited to, restraints on attention, self-control abilities, and parents’ 
beliefs and emotions associated with math. 

3.1. Insights from behavioral economics 

Behavioral economics is an interdisciplinary framework that draws 
upon cognitive decision-making and social psychology to highlight how 
context, social norms, identity, and cognitive processing (e.g., attention 
and self-control) can shape parents’ behaviors at home as well as 
engagement with programs (Gennetian, 2021; Gennetian, Darling, & 
Aber, 2016; Hill et al., 2021). Three BE-informed cognitive decision- 
making factors informed this study: limited attention, misestimation of 
relevance of activities for children, and miscalculation of future benefits 
(e.g., present bias). 

Limited attention refers to the finite amount of attention that par-
ents, like all individuals, have to bring to the many decisions in their 
lives. In a typical day, parents have to juggle decisions around 
employment or jobs, transportation to and from work, childcare needs, 
grocery shopping, and household tasks. Like time and money, the 
cognitive resources available for parents to make decisions about any of 
these tasks may be drained or replenished as a result of demands in the 
context (Mischel & Ayduk, 2011). Juggling the demands of everyday life 
can create a high cognitive load for parents, leading to difficulty in 
follow-through with programs. 

Parents also commonly hold misconceptions about their children’s 
abilities and misestimate the benefits of child outcomes gained from 
program participation. For example, parents overestimate their chil-
dren’s efforts in school (Bergman, 2015) and underestimate the conse-
quences of their children’s absences (Rogers & Feller, 2017). Such 
misconceptions can lead parents to disengage from programs. 

Finally, parents, like all individuals, display present bias, defined as 
instances when a smaller immediate reward is more salient than a 
substantial future gain (Mischel & Ayduk, 2011). Parents’ evaluation of 
the future benefit of attending a workshop or engaging in an educational 
activity with their child is less clear and not as urgent as attending to 
household or work demands that have short-term rewards and imme-
diate deadlines. This bias may be even more challenging for parents 
facing limited resources. The present bias is an important factor in 
parental engagement in early childhood programs: one study testing a 
literacy program informed by BE insights found that parents who 
showed present bias prior to engaging in the program benefited most 
from the program (Mayer, Kalil, Oreopoulos, & Gallegos, 2019). 

The field of BE offers a useful framework for illuminating how par-
ents’ circumstances and prior beliefs may facilitate or interfere with 
their engagement with math material and how math-enhancing mate-
rials may be designed to simplify access and follow-through. Behavior-
ally informed strategies, including reminders and personalized 
information cognizant of parents’ circumstances, could overcome anx-
ieties and reduce the mental effort expended to direct attention to 
available educational tools and resources. Specifically, BE insights could 

reframe common misconceptions parents hold about math, address their 
anxieties around math activities, and redirect parents’ attention toward 
ways that math appears in and can be integrated into everyday routines. 

Prior studies show promising results of inserting BE strategies into 
parent-targeted programs to promote parents’ involvement in their 
child’s education and schooling. For instance, automatically enrolling 
mothers receiving home visiting services into a text-based early literacy 
program increased their subsequent participation (Gennetian, Coskun, 
Kennedy, Kuchirko, & Aber, 2020), and a single postcard sent to parents 
encouraging them to improve their students’ attendance reduced stu-
dent absences by 2.4 percent (Rogers, Duncan, Wolford, Ternovski, 
Subramanyam, & Reitano, 2017). A brief intervention incorporating 
behavioral strategies including feedback, text reminders, and nonmon-
etary incentives increased the time Head Start parents spent reading to 
their children (Mayer, Kalil, Oreopoulos, & Gallegos, 2015). Similarly, 
studies focused on improving children’s literacy found that text-based 
approaches grounded in BE promoted parents’ interactions with chil-
dren around reading (Baroody, Ferretti, & Larsen, 2018; York & Loeb, 
2014). For instance, one program modeled after Ready4K! provided 
parents with differentiated and personalized text messages tailored to 
children’s literacy ability, resulting in an increase in children’s reading 
levels (Doss, Fahle, Loeb, & York, 2019). The Parents and Children 
Together (PACT) program, which implemented small nudges delivered 
through texts, more than doubled the amount of time parents spent 
reading using the electronic application (one standard deviation effect 
size) after the six-week intervention (Mayer et al., 2019). 

The use of BE-informed strategies can also help normalize and reduce 
parental math anxiety as well as foster positive attitudes toward math 
that support favorable trajectories of children’s school readiness. For 
instance, one study found that higher positive attitudes toward math 
were positively correlated with children’s performance on a standard-
ized test measuring numerical operations and math reasoning (Chen 
et al., 2018). To foster positive attitudes, the learning process can be 
gamified for children and adults alike by offering parents concrete tips 
and activity ideas to incorporate math concepts into their daily lives (e. 
g., counting swings at the playground; sorting household objects by 
color, size and type; naming the shapes of traffic signs). Moreover, in-
sights from BE can be used to enhance existing child-directed math 
curricula, materials, and activities by redirecting parents’ attention to-
ward the goals of math-based interventions while considering that their 
schedules are busy and often unstable, with these characteristics 
heightened in the context of poverty. 

4. Current study 

In the current study, we investigated how one set of math-based 
enhancements integrated into a broader early childhood education 
curriculum can support parents’ engagement in math activities with 
their child. This study goes beyond prior work published on this inter-
vention (Gennetian et al., 2019) in two ways. First, we examined how 
the BE bundle affects children’s outcomes, in particular children’s math 
assessments. Prior studies focused on how GRS supports parents’ 
engagement in the program (Gennetian et al., 2019). These studies 
found that BE-infused enhancements not only boosted parental 
engagement in the program, but also increased the amount of time 
parents spent on educational activities with children at home. Second, 
we examined how incorporating additional math content into an existing 
intervention on math, literacy, and self-regulation can boost parents’ 
engagement in math workshops and impact children’s math perfor-
mance. Specifically, we designed and tested the impact of strategically 
timed supplemental text messages containing math-specific content as 
well as images of math-friendly material, coupled with personalized 
invitations to math events, as enhancements to the existing outreach and 
strategies encouraging parental support of children’s math learning 
provided as part of the GRS intervention. We examined whether chil-
dren of parents who received these math enhancements performed 
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better on an end-of-year math assessment. Our theory of change is 
depicted in Fig. 1. 

The following research questions guided our study: 

(1) How do math-based BE-informed enhancements to the GRS cur-
riculum (GRS-BE Math), compared with GRS content and offer-
ings as usual (GRS-BE), affect parent attendance at GRS math 
workshops? 

(2) How do math-based BE-informed enhancements to the GRS cur-
riculum (GRS-BE Math), and GRS content and offerings as usual 
(GRS-BE), affect preschool children’s math skills, compared with 
the standard Head Start curriculum without GRS? 

We hypothesize that these math-based BE strategies incorporated 
into the existing delivery of GRS will have small favorable influences on 
parent behavior. 

We implemented our intervention in a sample of predominantly 
immigrant families from low-income communities enrolled in Head 
Start, who are frequently the target of early childhood interventions that 
seek to close the achievement gap. Our intervention with a BE lens is 
particularly helpful for this population because it considers the effects of 
resource scarcity on parent–child interactions. Specifically, parents’ 
limited attention and limited self-control can be exacerbated in the 
presence of scarcity of resources faced by low-income families (Gen-
netian et al., 2016). We propose that enhancements to existing early 
childhood curricula can help redirect parents’ attention to math activ-
ities and reinforce their self-efficacy. Such enhancements have the po-
tential to increase parent–child interactions around math, and, in turn, 
boost children’s math skills. Moreover, offering parents ways to see how 
math can be a part of children’s everyday life can challenge parents’ 
misconceptions that math is an academic and abstract concept relegated 
solely to classroom instruction. 

4.1. The GRS intervention 

GRS is a supplementary play-based preschool intervention targeting 
the development of language, literacy, mathematics, and self-regulation 
skills in preschool-aged children. With the assistance of a GRS coach, 
teachers choose weekly activities to implement in the classroom, and 
then they assign similar activities for parents to do at home, via a weekly 
home–school connection letter. GRS offers a targeted set of add-on les-
sons that can complement any existing preschool curriculum. The GRS 
classroom component offers teachers coaching sessions twice a month 
and a comprehensive teacher manual that includes stand-alone activ-
ities, classroom setup tips, and enhanced routines, such as brain game-
s—fun, engaging, often-familiar games designed to build executive 
function skills by increasing in complexity over time—and a develop-
mental sequence of morning messages that teaches the conventions of 
print. The GRS parent component offers a matrix of options, including an 
activity book with fun games and activities that parents can do with 
their children at home to promote literacy, math, and self-regulation. 
The classroom teacher sends a weekly letter telling parents what activ-
ities are taking place in the classroom and how these activities can be 
supported at home. In addition, GRS offers a series of eight workshops 
throughout the year that offer parents hands-on instruction on how to 
support children’s learning, parents are invited to three parties in the 
child’s classroom, and each parent activity has a corresponding video. 

The most recent changes to GRS focused on refining the structure of 
the parent component to maximize engagement, also informed by in-
sights from BE; these enhancements from the first year were subse-
quently adopted as general practice in the second year (Gennetian et al., 
2019). The changes included personalized invitations to the orientation 
meetings with an explicit acknowledgment that the children’s teacher 
would be in attendance; a text-message commitment reminder with the 
location and time of the meeting; and activity trackers accompanied by a 
redesigned letter (Fig. 4), with fewer and more explicit activity choices 

Fig. 1. Theory of change.  
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and with guidelines on the amount of time to spend on each activity. 
Lastly, at least one caregiver (mostly parents, and the majority mothers) 
of each child received four personalized text messages per week. These 
text messages reminded parents to utilize activity trackers and provided 
creative tips designed to address parents’ possible present bias (e.g., 
tendency to overvalue immediate rewards at the expense of long-term 
intentions), counteract overconfidence in or misestimation of a child’s 
current abilities and achievement across skill levels, and remind parents 
of the future benefits of spending time on GRS activities. Analyses of the 
first year of the GRS intervention suggested favorable associations of 
parents’ workshop attendance with children’s literacy and social- 
emotional skills (Gennetian et al., 2019) and thus served as motiva-
tion for incorporating additional math BE enhancements into the GRS 
intervention for the subsequent year. 

5. Methods 

5.1. Participants 

Researchers approached 195 families across 12 classrooms in four 
Head Start centers in New York City. Among the 195 families, 22 fam-
ilies (11.3%) dropped out before signing consent forms, 14 families 
(7.2%) refused to participate, 1 family (0.5%) did not return the consent 
form, and 1 family (0.5%) returned the consent form late and therefore 
was not included. Thirty-one families (15.9%) gave their consent but did 
not qualify to participate because the children were ineligible by age 
(age requirement was 4 years). A total of 126 families were eligible and 
consented to participate in the study. The schools were located in up-
town and downtown Manhattan and in the Bronx. Each classroom had a 
head teacher and an assistant teacher and served between 12 and 19 
children. Centers were recruited through an invitation from New York 
City’s Administration for Children’s Services. We did not have exclusion 
criteria related to language or special educational services. Children in 
the sample were on average 50.28 months old (SD = 4.12). Table 2 
presents demographic statistics of the sample. 

5.2. Procedures 

In Center 1, one classroom participated and received the GRS cur-
riculum; in Center 2, one classroom received the GRS curriculum and 
one served as comparison; in Center 3, two classrooms received the GRS 
curriculum and two served as comparison; and in Center 4, four class-
rooms received the GRS curriculum and two served as comparison. 
School directors decided what classrooms would receive the interven-
tion as a condition to participate in the study. The Head Start centers in 
this study offered a full-day program. Two followed the Teaching Stra-
tegies Creative curriculum (Dodge, Colker, & Heroman, 2002), and one 
followed High Scope (Michael-Luna & Heimer, 2012). 

Children in the GRS classrooms were randomized to receive either 
GRS-BE as usual (which included the kickoff invitation, text reminder, 
activity chart, and play-based early learning tips via four weekly text 
messages) or GRS-BE Math (which included the existing GRS-BE en-
hancements coupled with a personalized invitation to the math work-
shop and one supplemental weekly text encouraging parents to take part 
in teaching math skills by applying basic concepts to everyday scenarios; 
see Figs. 2 and 3). Thus, although children were randomly assigned to a 
GRS condition, classroom-level assignment to GRS-BE, GRS-BE Math, or 
comparison groups was not random. There were 44 children in the 
comparison group, 38 in the GRS-BE randomized treatment group, and 
42 in the GRS-BE Math enhancement treatment group. Differences in 
offerings between GRS-BE and GRS-BE Math groups are presented in 
Table 1 and Figs. 2 through 4. 

5.3. Math-specific BE enhancements 

For the 2016–2017 cohort, we designed and tested additional BE 

enhancements aimed at (1) normalizing math by interweaving funda-
mental math components appropriate for young children’s development 
into day-to-day tasks and activities, and (2) empowering parents about 
their capacity to teach and share in math-based tasks with their young 
children. In practice, this translated into supplemental content pushed 
out to parents via personalized, targeted text messages that incorporated 
a math concept, using language that normalized it for parents (e.g., 

Fig. 2. Personalized invitation to GRS events for the GRS-BE group.  

Fig. 3. Personalized invitation to math workshop for the GRS-BE Math group.  

Y.A. Kuchirko et al.                                                                                                                                                                                                                            



Children and Youth Services Review 128 (2021) 106133

6

“more/less”), and a math-based task (Fig. 5a-b). For example: 

More/less: Ask [child’s name] which is more—2 big plates or 3 
spoons. Not the plates, even though they’re big. Math is a part of your 
everyday life. 
Sort & compare: Ask [child’s name] to sort the coins in your pocket. 
Are there more of any kind? Math is a part of your everyday life. 

Five messages, such as the following, additionally included images 
(see Fig. 5a-b) that visually conveyed math concepts in a usable, friendly 
manner: 

Reading numbers: On the subway? Ask [child’s name] to find 1, 2, 3, 
4 and 5 in subway ads. Math is a part of your everyday life. 
Measurement: Have [child’s name] put objects (a spoon, crayon, and 
toothbrush) in order from little to big. Math is a part of your 
everyday life. 

The text messages emphasized math concepts (e.g., counting, mea-
surement) that children are expected to know in early childhood. A full 
list of text messages for the Math-BE group is displayed in the supple-
mentary file. Finally, building on the success of the personalized in-
vitations tested in the prior year, we designed a personalized invitation 
to the GRS math workshop, emphasizing the variety of math concepts (e. 
g., “Shapes, numbers, patterns are all math”) and the importance of 
math for future success (e.g., “Math today is a stepping stone to your 
child’s success”). 

Overall, parents received five BE-informed text messages per week 
from October 2016 to May 2017, with one per week focused on math. 
Parents received the personalized math invitation two weeks prior to the 
scheduled spring math workshop and received a text reminder two days 
in advance. 

5.4. Measures 

5.4.1. Parent attendance at math workshops 
GRS provided two math workshops per academic year for parents 

and caregivers, held at their child’s preschool setting. Parents’ atten-
dance was documented by coaches in the fall and the spring. 

5.4.2. Children’s math skills 
Children’s math abilities were measured in the fall and spring using 

two assessments: the Applied Problems subtest of the Woodcock- 
Johnson III/Batería Woodcock-Muñoz (WJ; Muñoz-Sandoval, Wood-
cock, McGrew, Mather, & Ardoino, 2009; Woodcock, McGrew, & 
Mather, 2001) and Research-Based Early Maths Assessment (REMA; 
Clements, Sarama, & Liu, 2008). The Applied Problems subtest requires 
children to analyze and solve math problems. Children must first listen 
to the description of the problem read aloud by the administrator, 
recognize the procedure to be followed, and calculate the correct answer 
to the problem. According to prior research, Cronbach’s alphas of the 
scale range from 0.90 to 0.92 (Bradley-Johnson et al., 2004). REMA tests 
children’s mathematical concepts such as counting, number sequencing, 

Fig. 4. Activity trackers to report time spent on activities.  

Table 1 
Behavioral Economics (BE) Enhancements in the Getting Ready for School (GRS) 
BE and BE Math Groups.   

GRS- 
BE 

GRS-BE 
Math 

Personalized invitation to kickoff event ✓ ✓ 
Text reminders before GRS events (parent workshops, GRS 

party) (Fig. 2)   
Personalized invitation to math workshop (Fig. 3)  ✓ 
Activity trackers to report time spent on activities (Fig. 4) ✓ ✓ 
Text reminder to return activity trackers ✓ ✓ 
Four weekly text messages with play-based learning tips 

suggesting activities that parents can do in the home with 
their children 

✓ ✓ 

One extra weekly text message emphasizing math activities ( 
Fig. 5)  

✓  
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cardinality, adding, and subtracting. REMA has been shown to have a 
0.76 correlation with WJ Applied Problems, and its internal consistency 
reliability ranges from 0.75 to 0.94 in prior research (Weiland et al., 
2012). 

The WJ and REMA tests were administered in either English or 
Spanish, based on language dominance using three subtests from the 
Preschool Language Assessment Scale (preLAS 2000; Duncan & De 
Avila, 1998). The length of time between assessments was approxi-
mately 7 months. Children’s average WJ standard scores were 98.85 
(SD = 12.13) in the fall and 102.71 (SD = 12.32) in the spring. Average 
standardized REMA scores were 41.74 (SD = 9.02) in the fall and 48.49 
(SD = 10.06) in the spring. 

5.4.3. Covariates 
Demographic characteristics were collected at baseline from parents 

via a survey. Covariates included parental education, income, employ-
ment status, household composition, country of origin, and time spent in 
the United States (Table 2). 

5.5. Analytic plan 

To examine whether the BE-informed math enhancements 
(compared with the usual GRS content and offerings enhanced by BE) 
affected parent attendance at GRS math workshops, we conducted two 
logistic regressions. To answer our research question about whether 
GRS-BE Math boosted parents’ attendance at math workshops in the 
spring, we entered spring math workshop attendance as the dependent 
variable and GRS-BE Math as the independent variable. We were 

interested in whether math enhancements would boost parental atten-
dance above and beyond the usual GRS-BE content, and thus we only 
compared GRS-BE and GRS-BE Math groups in these analyses. Parents in 
the Head Start comparison group were not invited to the workshops; that 
is, the comparison group did not have access to GRS at all. As a sensi-
tivity check, we tested whether GRS-BE Math predicted parents’ atten-
dance at literacy and self-regulation workshops. Since the math BE 
interventions were implemented after the fall math workshop, only 
spring math workshop attendance, not fall attendance, was our outcome 
variable. Moreover, there were no substantive differences in fall math 
workshop attendance between the GRS-BE and GRS-BE Math groups. 

We conducted separate analyses for WJ and REMA scores to test 
whether the BE-informed math enhancements, compared with GRS-BE 
and the Head Start comparison group, affected preschool children’s 
math skills. To examine impacts of the intervention on children’s WJ 
scores, we ran a linear regression, with children’s WJ standard scores in 
the spring as the dependent variable. We entered parents’ Hispanic 
status and intervention type (GRS-BE or GRS-BE Math) as independent 
variables. The comparison group—Head Start without GRS-BE—served 
as the reference group. We ran similar analyses replacing the WJ scores 
with the REMA scores. These analyses allow us to examine how BE- 
informed math enhancements to the GRS curriculum compared with 
the standard Head Start curriculum. Moreover, we were able to examine 
whether GRS-BE Math would be a stronger predictor of children’s math 
skills than GRS-BE. 

Prior to conducting analyses, we tested whether the GRS-BE, GRS-BE 
Math, and comparison groups differed from one another on de-
mographic variables collected at study entry (Table 2). Analysis indi-
cated that the groups differed in the distribution of parents who were 
Hispanic, F(2,134) = 7.07, p < .001, and did not statistically differ on 
other characteristics. Post hoc analyses indicated that the GRS-BE Math 
group had a higher mean percentage of Hispanic parents (M = 0.95, SD 
= 0.22) than the GRS-BE group (M = 0.63, SD = 0.49). The mean per-
centage of Hispanic parents in the GRS-BE group did not statistically 
differ from that of the comparison group (M = 0.81, SD = 0.40), p = .07. 

Table 2 
Means and Standard Deviations of Comparison and Intervention Groups.  

Variable Comparison Intervention F p 

GRS-BE GRS-BE 
Math 

Child      
Female 0.52 (0.50) 0.72 

(0.45) 
0.48 
(0.51) 

2.98 0.05 

African American/ 
Black 

0.25(0.43) 0.33 
(0.47) 

0.10 
(0.31) 

2.34 0.10 

Hispanic 0.87 (0.33) 0.66 
(0.47) 

0.95 
(0.22) 

6.73 0.001 

Age (months) 47.03 
(5.89) 

47.67 
(5.09) 

48.65 
(4.09) 

1.17 0.31 

Parent      
Mother 0.93 (0.26) 0.87 

(0.34) 
0.93 
(0.27) 

0.55 0.58 

Hispanic 0.81 (0.40) 0.63 
(0.49) 

0.95 
(0.22) 

7.07 0.001 

African American/ 
Black 

0.05 (0.22) 0.22 
(0.42) 

0.02 
(0.16) 

6.05 0.003 

Born in U.S. 0.25 (0.44) 0.43 
(0.50) 

0.33 
(0.48) 

1.37 0.26 

Years in U.S. (N = 78) 10.09 
(5.64) 

14.27 
(12.14) 

13.71 
(6.74) 

2.24 0.11 

Age 34.46 
(8.23) 

35.47 
(5.60) 

33.33 
(7.79) 

0.74 0.48 

Employed 0.54 (0.50) 0.50 
(0.51) 

0.67 
(0.48) 

1.18 0.31 

High school 
education or higher 

0.75 (0.43) 0.65 
(0.48) 

0.58 
(0.50) 

1.78 0.17 

Income-to-needs 
ratio 

0.34 (0.13) 0.39 
(0.15) 

0.39 
(0.12) 

2.39 0.09 

Household      
SNAP 0.54 (0.50) 0.59 

(0.50) 
0.51 
(0.51) 

0.19 0.82 

WIC 0.34 (0.47) 0.37 
(0.49) 

0.58 
(0.50) 

2.81 0.06 

Note. N = 126 except as noted. Results reported from ANOVAs. SNAP = Sup-
plemental Nutrition Assistance Program recipient; WIC = Women, Infants, and 
Children nutrition benefit recipient. 

Fig. 5. a-b. Weekly text messages emphasizing math activities.  
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In contrast, the GRS-BE group had more African American/Black parents 
(M = 0.22, SD = 0.42) than both the comparison (M = 0.05, SD = 0.22) 
and GRS-BE Math (M = 0.02, SD = 0.16) groups (ps < 0.01). The dis-
tribution of child gender significantly differed between groups, F(2,134) 
= 2.98, p < .05. The GRS-BE group had the most girls (M = 0.72, SD =
0.07), followed by the comparison group (M = 0.52, SD = 0.50) and the 
GRS-BE Math group (M = 0.47, SD = 0.07), ps < 0.05. We thus 
controlled for gender and race/ethnicity in our analyses. 

6. Results 

6.1. Math workshop attendance 

First, we examined whether GRS-BE Math predicted parents’ math 
workshop attendance. Fig. 6 shows the unadjusted attendance rate by 
intervention group. In the fall, 27% of parents in the GRS-BE group and 
22% of parents in the GRS-BE Math group attended the math workshop. 
In the spring, only 7% of parents in the GRS-BE group attended the 
workshop, whereas 27% of parents in the GRS-BE Math group attended. 

The GRS-BE Math enhancements statistically predicted parents’ 
attendance at math workshops in the spring, χ2 = 4.84, β = 1.57, eβ =

5.75, p < .05. Participants in the GRS-BE Math group were 4.8 times 
more likely to attend the spring math workshop than participants in the 
GRS-BE group. No other predictors were significant. 

We conducted sensitivity analyses to test whether the impacts of 
GRS-BE Math on workshop attendance changed when covariates were 
added and when missing demographic data were imputed. When we 
controlled for demographic variables (e.g., employment, country of 
origin, and race), the p-value for GRS-BE Math increased from 0.01 to 
0.04. When missing data were imputed with the averages, GRS-BE Math 
remained a statistically significant predictor of parental attendance at 
the spring math workshop, β = 0.18, p < .05. Furthermore, GRS-BE Math 
predicted math attendance even when the analysis was controlled for 
the center that children attended, β = 0.18, p < .05. These results suggest 
that the direction of the findings is qualitatively similar across these 
sensitivity tests. 

As a follow-up analysis, we examined whether additional math 
messages would spill over into the social-emotional and literacy do-
mains of development by testing whether parents who received the extra 
math messages were also more likely to attend literacy and self- 
regulation workshops in the fall and spring. This analysis did not yield 
statistically detectable relations between GRS-BE Math and either the 
literacy or self-regulation workshops (see Table 3), suggesting that the 
specificity of the math messages appeared to promote parents’ atten-
dance at math workshops as designed. 

6.2. Children’s math skills 

Table 4 displays children’s average scores for WJ and REMA. Chil-
dren’s WJ and REMA scores on the pre-test and post-test did not differ by 
group. WJ scores did not increase significantly from fall to spring among 
children in the comparison group, t(42) = 1.41, p = .16. Children’s WJ 
scores increased significantly in both intervention groups: GRS-BE, t 
(33) = 2.45, p < .01, and GRS-BE Math, t(35) = 2.52, p < .01. REMA 
scores increased significantly from fall to spring among all three groups: 
comparison group, t(39) = 2.21, p = .03; GRS-BE, t(31) = 5.86, p < .00; 
and GRS-BE Math, t(33) = 4.15, p < .001. 

Next, we examined whether group condition (comparison, GRS-BE, 
GRS-BE Math) predicted children’s math abilities at the end of the 
intervention (spring). Results suggested that GRS-BE Math statistically 
predicted children’s WJ scores, β = 0.22, p < .05. When controlling for 
children’s fall math scores, parent ethnicity and race, and child gender, 
however, the relations between GRS-BE and GRS-BE Math and WJ 
outcomes were attenuated but maintained a positive direction of effects 
(GRS-BE, β = 0.14, p = .07; GRS-BE Math, β = 0.11, p = .19). The effects 
of GRS-BE and GRS-BE Math on the REMA scores did not reach statistical 
significance (Table 5). To tease out whether additional math content in 
the GRS-BE Math group predicted children’s outcomes relative to GRS- 
BE, we reran the above regressions omitting the comparison group. 
Results showed that GRS-BE Math did not significantly predict WJ or 
Rema scores relative to GRS-BE, ps > 0.05. 

Finally, we conducted exploratory analyses to examine whether 
parents’ attendance at math workshops was associated with children’s 
math skills. Correlations between fall math workshop attendance and 
WJ scores in the fall were marginal, r = 0.21, p = .06, There was no 
relation between fall math workshop attendance and REMA fall scores, r 
= − 0.01, p = .88. Parents’ attendance at the spring workshop showed a 
positive statistical correlation with WJ scores in the spring, r = 0.36, p <
.001, and a qualitatively similar though not statistically significant 
correlation with REMA scores in the spring, r = 0.17, p = .15. 

7. Discussion 

Empirical research shows that children’s early math skills are 
important predictors of their subsequent academic success in math as 

Fig. 6. Average parent attendance rate for math workshops by interven-
tion type. 

Table 3 
Summary of Logistic Regression: Impact of Behavioral Economics–Informed 
Math Enhancements on Parents’ Spring Math, Literacy, and Self-Regulation 
Workshop Attendance Among All Families Enrolled in the Getting Ready for 
School Intervention, 2016–2017.   

Math Literacy Self-Regulation 

Odds 4.84* (3.46) 1.80 (1.28) 1.25 (87) 
Coefficient 1.57 (0.72)** 0.59 (0.71) 0.22 (0.70) 
Model χ2 5.75* 1.25 2.27 
Pseudo R2 0.078 0.020 0.037 
Effect size 0.87 0.32 0.12 
N 79 79 79 

Note. Standard errors are in parentheses. 
*p < .05. **p < .01. 

Table 4 
Descriptive Statistics for Children’s Math Scores across Groups.  

Variable Comparison Intervention F p 

GRS-BE GRS-BE Math 

WJ      
Pre-test 97.02 (12.60) 100.45 (12.82) 99.5 (10.76) 0.89 0.41 
Post-test 99.34 (12.71) 105.41 (12.51) 104.24 (11.02) 2.83 0.06 

REMA      
Pre-test 41.55 (10.02) 40.77 (7.98) 42.92 (9.78) 0.51 0.60 
Post-test 46.66 (11.90) 49.94 (8.97) 49.22 (8.57) 1.13 0.32 

Note. Scores are given as means, with standard deviation in parentheses. 
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well as other domains. Efforts to bridge socioeconomic disparities in 
children’s math skills have conventionally fallen under the purview of 
teachers in classroom settings, with a more recent focus on parent- 
targeted approaches that can be implemented and fostered in young 
children’s home environments. In this study, we harnessed insights from 
the interdisciplinary framework of BE to design and test whether scal-
able strategies that are hypothesized to reduce parents’ math anxiety 
and redirect their attention to play-based math activities can boost 
parents’ participation in math workshops and improve child math 
outcomes. 

The GRS-BE Math treatment showed effects above and beyond those 
observed in the GRS-BE group in affecting parent behavior. Specifically, 
the GRS-BE Math treatment favorably increased parents’ attendance at 
the spring GRS math workshop. This finding aligns with prior work 
showing positive effects of interventions using text-based approaches 
grounded in BE on parents’ engagement with children around school 
readiness skills (Baroody et al., 2018; Doss et al., 2019; Mayer et al., 
2019; York & Loeb, 2014). 

However, the GRS-BE Math enhancements did not predict preschool 
children’s math scores above and beyond the GRS-BE bundle. The GRS- 
BE and GRS-BE Math groups both showed small but positive changes in 
children’s math skills from fall to spring when contrasted with the 
comparison group; however, these effects were attenuated and became 
statistically insignificant when covariates were included in the model. 
Parents’ attendance at the spring math workshop did relate to children’s 
WJ scores in the spring, suggesting that math-specific enhancements 
encouraging parents to participate in math workshops may have small 
but positive effects on children’s math skills. Alternatively, parents’ 
motivation to attend the workshop could stem from observing their 
children’s interest in math activities. 

GRS-BE and GRS-BE Math did not statistically predict REMA scores. 
This difference in prediction could be due to the fact that the GRS 
content material, enhanced by the GRS-BE Math strategies, is more 
closely aligned with the WJ assessment than with the REMA assessment, 
and may also draw upon other skills, such as literature and self- 
regulation. The WJ Applied Problems subscale measures children’s 
ability to analyze and solve math problems, whereas REMA captures 
children’s basic knowledge of numeracy and geometry (Clements et al., 
2008; Woodcock et al., 2001). It is also feasible that the lack of large 
effects of the intervention on children’s outcomes stems from parents 
not changing their behaviors at all, not fully or “properly” implementing 
the recommended activities, or implementing the recommendations 
fully but affecting children’s learning on aspects simply not captured on 
the assessments. Although this intervention did use activity trackers that 

enabled parents to document how much time they spent with children 
on GRS activities, the reported time spent on activities was not domain 
specific. Future studies should examine how parents implement the 
curriculum in order to tease out the nuanced relation between the 
intervention and children’s developmental outcomes. 

An alternative explanation for why the GRS-BE Math enhancements 
did not predict children’s math scores pertains to timing. The GRS-BE 
bundle had a package that started from September and continued 
throughout the academic year. The math workshop occurred in the 
spring, around the time when children were assessed on their math 
skills. Thus, while additional text messages and personalized math in-
vitations may nudge more parents into attending workshops, their in-
fluences may be cumulative or not sufficient enough to move the needle 
on children’s math skills in such a short time span. 

Some previous literature (Robinson, Chande, Burgess, & Rogers, 
2020) describes potential crowd-out effects in parenting interventions, 
whereby parents trade off options of attending one type of program 
component for another when encouraged to do so by new information or 
education. Notably, we did not observe such crowd-out effects in our 
study: parents in our BE-Math group did not appear to swap out literacy 
for math workshops, suggesting that the BE interventions likely moti-
vated parents who otherwise would not have attended math workshops 
irrespective of their attendance at other GRS events and workshops. 

Our study sample was drawn from New York City Head Start centers 
and was primarily Hispanic. Parents in this community varied in their 
country of origin, years of living in the United States, and language 
dominance (only 34% of mothers spoke only English; others spoke En-
glish and Spanish). It is possible that the messages that attempted to 
normalize math in everyday activities––rather than encouraging parents 
to assist children with formal, school-assigned worksheets––may have 
especially empowered Hispanic parents to engage with children’s math 
skills in ways that are less anxiety-provoking and in a language and 
context most comfortable for them. 

8. Limitations 

Several limitations are worthy of mention. Because we did not test 
the enhancements separately, we do not know whether some of the 
parents’ attendance at workshops increased because of the text re-
minders, the normalization of math through text-based math content, or 
the personalized invitation to the math workshops. Moreover, we did 
not measure parents’ comfort with math, and thus were not able to test 
whether parents’ attendance at GRS workshops, coupled with the 
personalized, targeted text messages that incorporated tips on math 

Table 5 
Summary of Regression Results of the Impact of the Getting Ready for School (GRS-BE) Intervention and GRS with Behavioral Economics–Informed Math En-
hancements (GRS-BE Math) on Preschoolers’ Woodcock Johnson Applied Problems Scores and Research-Based Early Maths Assessment (REMA) Scores Assessed in 
Spring 2017.  

Predictor Applied Problems REMA  

B β Std. Error p B β Std. Error p 

Model 1 
GRS-BE 4.90 0.18 2.70 0.07 2.57 0.12 2.31 0.27 
GRS-BE Math 6.07 0.22 2.77 0.03 3.28 0.15 2.33 0.16 
R2 0.04 0.02 
F F(2,112) = 2.83, p = .06 F(2,107) = 1.13, p = .32 
d 0.41 0.29 

Model 2  
Fall math scores 0.67 0.65 0.07 0.00 0.44 0.39 0.11 0.00 
Hispanic − 5.22 0.17 2.89 0.07 5.68 0.22 2.99 0.06 
African American/Black − 6.06 − 0.15 3.82 0.11 4.25 0.12 4.05 0.29 
Child female 1.71 0.06 1.84 0.35 0.20 0.00 2.00 0.91 
GRS-BE 3.74 0.14 2.10 0.09 1.45 0.06 2.24 0.52 
GRS-BE Math 2.92 0.10 2.21 0.19 3.50 0.15 2.30 0.13 
R2 0.45 0.19 
F F(6,106) = 16.63, p < .000 F(6,99) = 4.10, p < .001 

Note. Reference group is the comparison group. Comparison group: N = 44; GRS-BE: N = 34; GRS-BE Math: N = 37. 
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activities, increased their confidence with math-related activities. 
We did not observe the duration or quality of parental time spent on 

math-related activities with children. This approach would have pro-
vided information on the content, duration, and context of parent–child 
interactions around math, shedding light on whether and how parents 
incorporated GRS content into their daily routines. These measures 
could have served as valuable mediators in our analyses. In this vein, we 
do not know whether the text messages successfully normalized incor-
poration of math into parents’ everyday activities with children. Indeed, 
parents’ actual engagement with text-based curricula is not well un-
derstood even when such programs have been shown to have positive 
impacts on observable parenting behaviors and children’s outcomes. 

Lastly, our study is limited by its small sample size and lack of a 
randomized control group (i.e., the comparison to Head Start was not 
randomized at the center level), precluding us from having sufficient 
power to detect effects. Getting buy-in from teachers and administrators 
and working within the aims and constraints of the centers posed several 
challenges for us with regard to sample size as well as randomization: 
the groups were randomized at the classroom level, rather than at the 
level of the family, resulting in a small sample size and lack of a control 
group. Although we controlled for ethnicity/race, the unequal distri-
bution of participants of different ethnic/racial groups across conditions 
could benefit from a randomized block design in future research. 

9. Conclusion 

Parents do not make decisions in a vacuum. Rather, they make 
choices about whether and when to attend early childhood programs or 
engage in math-related activities with children in a particular context. 
Our study shows that certain features of existing early childhood pro-
grams can be designed with scalable approaches to foster parents’ 
engagement with early childhood programs. The strategies developed 
here, motivated through the interdisciplinary lens of BE, can inform a 
valuable toolkit for researchers, educators, and program designers 
interested in promoting parents’ involvement in their children’s edu-
cation in ways that are integrated into their existing programs and that 
are easy to scale. 
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