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This  study  evaluated  the  impact  of  the  Spanish  version  of  the Building  Blocks  software  program  and
vocabulary  on kindergarten  mathematics  outcomes.  Participants  included  270  Hispanic  dual  language
learners  from  low-income  communities.  Relative  to children  in  the  computer  assisted  instruction  (CAI)
literacy  control  group,  those  in  the  Building  Blocks  CAI group  evidenced  higher  posttest  scores  for  Span-
eywords:
ual language learners
indergarten mathematics
omputer-assisted instruction
umeracy
ispanic students

ish  mathematics,  but not  for English  mathematics,  after  controlling  for pretest  numeracy.  There  were
also  main  effects  of  English  vocabulary  and  Spanish  vocabulary  predicting  posttest  mathematics  scores
in English  and  Spanish,  after  controlling  for  covariates.  These  findings  support  the  use  of  the  Building
Blocks  software  as  a supplemental  method  for improving  the  mathematics  competencies  of  Hispanic
dual  language  learners  from  low-income  backgrounds.

© 2018 Elsevier  Inc.  All  rights  reserved.
. Introduction

Relative to non-Hispanic White peers, Hispanic students in the
.S. have underperformed in mathematics for decades (Clements

 Sarama, 2011; Denton & West, 2002; National Center for Educa-
ional Statistics, 2015; Natriello, McDill, & Pallas, 1990). Hispanic
tudents are at increased risk for low academic achievement due
o high rates of poverty (Lopez & Velasco, 2011) and lower rates
f preschool enrollment (Barnett, Carolan, & Fitzgerald, & Squires,
011; Figueras-Daniel & Barnett, 2013; Kena et al., 2016) than
eers from similar economic backgrounds. Some also argue that

ow levels of English language proficiency among Hispanic children
earning Spanish and English (i.e., Hispanic dual language learn-

rs) is at least partially responsible for these children’s low rates of

academic success’ in the U.S. (Galindo, 2010). Given the experien-
ial gaps to acquire English proficiency and that ‘academic success’
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in the U.S. will probably continue to be defined as achievement
on standardized tests administered in English despite the growing
embracement of dual language instruction in some states, there is
a pressing need to identify mathematics programs that promote
mathematics competencies in Spanish and English among His-
panic dual language learners (DLLs). Therefore, the present study
examines the impact of a numeracy intervention when used with
Hispanic DLLs and considers the effect of vocabulary on kinder-
garten mathematics outcomes.

2. Relations between language and mathematics

Language is the medium of classroom instruction and is thought
by some to be the means by which young children refine their
understanding of numbers (Purpura, Napoli, Wehrspann, & Gold,
2016; Spelke, 2003). Indeed, empirical study has demonstrated
that scores of English language at school entry are predictive of
growth in scores on English mathematics tests through ninth grade
(Duncan et al., 2007; Hooper, Roberts, Sideris, Burchinal, & Zeisel,
2010; Purpura, Hume, Sims, & Lonigan, 2011; Romano, Babchishin,

Pagani, & Kohen, 2010). However, few studies that consider the
prediction of kindergarten mathematics outcomes from language
scores at school entry include Hispanic DLLs. For example, Klee-
mans, Segers, and Verhoeven (2011) demonstrated that second
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http://crossmark.crossref.org/dialog/?doi=10.1016/j.ecresq.2018.01.009&domain=pdf
mailto:mefoster@usf.edu
mailto:JasonAnthony@usf.edu
mailto:Douglas.Clements@du.edu
mailto:Julie.Saram@du.edu
mailto:Jeffrey.Williams@uth.tmc.edu
https://doi.org/10.1016/j.ecresq.2018.01.009


8 d Rese

l
w
s
M
d
R
k
m
L
i
l
m
i
g
&
2

2

n
a
g
L
i
f
p
s
S
m
2
u
a
2
p
a

2

m
l
&
R
q
e
l
t
W
N
P
e
“
F
t
s
a
a
t
C

t
i
c
n
e

4 M.E. Foster et al. / Early Childhoo

anguage (L2) phonological awareness and grammatical ability
ere associated with concurrently measured L2 logical operations

kills and numeracy skills in a sample of bilingual Turkish and
oroccan (students’ first language – L1) speaking kindergarten stu-

ents learning Dutch (students’ L2). In a study of Canadian students,
omano et al. (2010) demonstrated that English vocabulary in
indergarten predicted third grade English mathematics achieve-
ent for students whose L1 was French. These studies suggest that

2 language competence is important to L2 mathematics outcomes
n bilingual and DLL students. One would therefore expect English
anguage proficiency at school entry to be predictive of English

athematics outcomes at the end of kindergarten for Hispanic DLLs
n the U.S. However, the extent that this relation is a matter of lin-
uistic formatting of test items is not completely clear (see Abedi

 Lord, 2001; Rhodes, Branum-Martin, Morris, Romski, & Sevcik,
015).

.1. Kindergarten numeracy

Kindergarten number competencies (i.e., understanding of
umber concepts and number relations; referred to as numer-
cy throughout this manuscript) are important to children’s
rowth in mathematics achievement (Jordan, Kaplan, Ramineni, &
ocuniak, 2009) and are predictive of mathematics learning disabil-
ty (Mazzacco & Thompson, 2005). Early numeracy also provides a
oundation for later academic achievement (Duncan et al., 2007),
redicting children’s reading achievement better than early literacy
kills (Duncan & Magnuson, 2011; Duncan et al., 2007; Koponen,
almi, Eklund, & Aro, 2013) and predicting mathematics achieve-
ent through 15 years of age (Watts, Duncan, Siegler, & Davis-Kean,

014). Finally, mastery of numeracy concepts allows for stronger
nderstanding of more complex mathematical problems such as
pplied problem solving (Foster, Anthony, Clements, & Sarama,
015; Foster, Anthony, Clements, Sarama, & Williams, 2016) and
roblem solving within the areas of measurement, data analysis,
nd geometry (National Research Council, 2009).

.2. Kindergarten mathematics programs

High-quality mathematics instruction helps increase mathe-
atics achievement and helps prevent or mitigate mathematics

earning difficulties (Clements & Sarama, 2011; Cross, Woods,
 Schweingruber, 2009; Foster et al., 2016; Magnuson, Meyers,
uhm, & Waldfogel, 2004). Moreover, benefits derived from high-
uality mathematics instruction provided during the preschool to
arly elementary school period appear greatest for children from
ow-income families and children whose parents have little educa-
ion (Case, Griffin, & Kelly, 1999; Clements, Sarama, Spitler, Lang, &

olfe, 2011; Griffin & Case, 1997; National Academy of Sciences,
ational Academy of Engineering, & Institute of Medicine, 2011;
eisner-Feinberg et al., 2001; Shonkoff & Phillips, 2000). How-
ver, most mathematics instruction in kindergarten is inadequate,
teaching” children what they already know (Engel, Claessens, &
inch, 2013). A more useful framework for mathematics instruc-
ion would involve targeting fundamental learning goals (e.g.,
ubitizing, counting and arithmetic using subitizing and counting),
djusting instruction according to individual children’s progress
long learning trajectories, and teaching each fundamental skill to
he level of mastery (Clements & Sarama, 2014; National Research
ouncil, 2009; Sarama & Clements, 2009).

Because Hispanic children in the U.S. are less likely than peers
o attend preschool (Barnett et al., 2011), kindergarten is a crit-

cal period in these children’s lives for acquiring mathematical
ompetencies. However, few studies have evaluated the effective-
ess of mathematics programs for Hispanic DLLs in the U.S. (Cross
t al., 2009). A noteworthy exception was Wang and Woodworth’s
arch Quarterly 43 (2018) 83–95

(2011) evaluation of DreamBox Learning, an online mathemat-
ics computer program that supplements face-to-face mathematics
instruction. Of the 583 kindergarten and first-grade students in
Wang and Woodworth (2011), 87.3% were classified as Hispanic
and 80.6% were classified as English learners. The results indi-
cated that children who  received supplemental instruction with
DreamBox Learning outperformed comparison students who only
received face-to-face mathematics instruction on a broad test of
mathematics achievement and on a test of measurement and geom-
etry achievement at the end of the school year. These results are
promising, suggesting that supplemental computer-based mathe-
matics instruction can improve early mathematical competencies
among young Hispanic DLLs.

2.3. Computer-assisted instruction

In the present study, computer-assisted instruction (CAI) in math-
ematics refers to educational software programs that help students
learn and apply mathematical concepts and skills (Harskamp,
2014). CAI is most often used as a supplement to teacher-directed
classroom instruction (Slavin & Lake, 2008). Advantages of CAI
include ease of implementation, standardized scope and sequence
of curriculum, and suitability for individualized instruction through
regular monitoring of children’s progress coupled with adaptive
instruction (Anthony, 2016; Clements & Sarama, 2018; Citation
Blinded for Review). However, educators’ questions and reason-
able concerns about developmental appropriateness, logistics of
implementation, compatibility with core curricula, and effective-
ness interferes with widespread use of CAI during the early school
years (Clements & Sarama, 2003; Cuban, 2001).

Reviews of the scientific literature generally conclude that CAI
can provide substantial benefits for children’s learning of math-
ematics (Baroody, Eiland, Purpura, & Reid, 2013; Sarama, 2010,
2018; Cross et al., 2009; Lentz, Seo, & Grunner, 2014; Li & Ma,  2010;
Räsänen, Salminen, Wilson, Aunio, & Dehaene, 2009; Slavin & Lake,
2008). One review by the National Mathematics Advisory Panel
(2008) indicated that CAI applications that are well designed and
well implemented can have a positive effect on mathematics per-
formance, and empirical study supports this conclusion (Harskamp,
2014; Moradmand, Datta, & Oakley, 2013; Nusir, Alsmadi, Al-
Kabi, & Sharadgah, 2013). A more recent meta-analysis of rigorous
studies similarly concludes that there are positive effects of CAI
in mathematics when used as a supplement to children’s daily
classroom instruction (Cheung & Slavin, 2013). Similarly, another
meta-analysis of studies examining the use of CAI for early math-
ematics found a moderate effect size (Harskamp, 2014), whereas
still another meta-analysis found positive effects for the use of
technological manipulatives with children in preschool and kinder-
garten (Moyer-Packenham & Westenskow, 2013). Therefore, CAI
represents a viable medium to deliver supplemental mathematics
instruction.

2.4. Building Blocks mathematics program

The complete Building Blocks (BB) pre-K mathematics program
is a comprehensive curriculum that includes a teachers’ edition,
assessment and resource guides, manipulatives, and a software
suite (Clements & Sarama, 2013). The classroom curriculum and
software are designed to develop understanding and skill fluency
in the domains of numeracy and geometry. A series of empiri-
cal studies have supported the effectiveness of the BB program
when all its components have been implemented together for use

with preschool age children from low-income backgrounds (e.g.,
Sarama, 2007, 2008; Clements et al., 2011). However, less is known
about the effectiveness of the software that accompanies the BB
pre-K mathematics program.
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The software targets developmental learning trajectories that
pan from preschool to third grade. Its more than 200 activ-
ties are organized into topical learning trajectories that were
esigned based on a comprehensive curriculum research frame-
ork (Clements & Sarama, 2007; Clements, 2007) and a specific
odel consistent within that framework that details the devel-

pment of scientifically based software (Clements & Battista,
000).Thus, the software suite is research based in several fun-
amental ways. Research-based computer tools stand at the base,
roviding computer analogs to critical mathematical ideas and pro-
esses. These are implemented with activities and a management
ystem that guides children through fine-grained, research-based
earning trajectories. These activities are designed to connect chil-
ren’s informal knowledge to more formal school mathematics. The
esult is a software package that is motivating for children but is
lso comprehensive in that it includes both exploratory environ-
ents that include specific tasks and guidance, building concepts

nd well-managed practice in building skills, and a full range of
athematical activities.

The design process for the curriculum and the software was
ased on the assumption that both can and should have an
xplicit theoretical and empirical foundation. It also should interact
ith the ongoing development of theory and research—reaching

oward the ideal of testing a theory by testing the software or the
urriculum in which it is embedded. The model includes specifi-
ation of mathematical ideas (computer objects or manipulatives)
nd processes or skills (software tools or actions) and extensive
eld-testing from inception through large summative evaluation
tudies (Clements & Battista, 2000; Sarama, 2007, 2008; Sarama &
lements, 2009). Thus, this study represents not just an evaluation
f one particular suite of technology-based activities but a test of
he efficacy of software designed on scientific principles.

Positive correlations between usage rates of the BB software and
athematics outcomes by children in the intervention groups in

tudies by Clements (Clements & Sarama, 2008; Clements et al.,
011) are consistent with hypotheses that the software is an essen-
ial active component of the program and that it may  mediate
mpacts of the complete program. However, the research designs
f those studies preclude causal statements concerning the efficacy
f the BB software. Foster et al. (2016) therefore recently evaluated
he effectiveness of the English version of the BB software with

onolingual English-speaking kindergartners from low-income
ackgrounds when it was used in isolation from the compre-
ensive BB program. Children were randomly assigned to receive
ither supplemental CAI in numeracy using the BB software or sup-
lemental CAI in phonological awareness using Earobics Step 1
oftware. Children in the BB software condition evidenced higher
osttest scores on tests of numeracy and applied problem solving.

.5. Overview of the present study

.5.1. Research question 1: does supplemental use of the Spanish
ersion of the BB software activities for numeracy lead to
mproved mathematics performance?

The primary purpose of this study was to determine if the Span-
sh version of the BB software activities for numeracy was  effective

hen used as a supplement to regular classroom instruction but
n isolation from the comprehensive BB program. Research shows
hat the English version of the BB software leads to improved

athematics achievement when used as a supplement to stan-
ard kindergarten mathematics instruction but in isolation from
he comprehensive BB program (Foster et al., 2016). One would

herefore expect that the Spanish version of these activities, which
re based on the same curriculum research framework (Clements

 Sarama, 2007; Clements, 2007) and model within that frame-
ork that details the development of scientifically based software
arch Quarterly 43 (2018) 83–95 85

(Clements & Battista, 2000), are effective. Further, the software fea-
tures not just children’s native language (Celedón-Pattichis, 2010;
Espada, 2012; Turner, Celedón-Pattichis, & Marshall, 2008), but
connects this language to many dynamic visual models (Clements
& Sarama, 2014), allows children to create their own  problems
(Janzen, 2008; Turner et al., 2008), and allows them additional time
to do so (Turner & Celedón-Pattichis, 2011). However, the extent to
which the Spanish version of the BB software improves mathemat-
ics achievement in Hispanic DLLs when it is used as a supplement
to standard mathematics instruction has not been investigated.
In the present study, kindergarten children, who were Hispanic
DLLs, were randomly assigned to one of two experimental con-
ditions: CAI with the Spanish version of BB software or CAI with
the Spanish version of Earobics Step 1. All CAI was supplemen-
tal to children’s daily mathematics and literacy instruction and
was provided throughout most of their kindergarten school year.
Because we value achievement demonstrated on English and Span-
ish tests, mathematics achievement was assessed in both languages
before and after the intervention. We  hypothesized that Hispanic
DLLs from low-income backgrounds who received supplemental
CAI with the Spanish version of the BB software would demonstrate
higher levels of posttest mathematics achievement after control-
ling for pretest numeracy than children who  received supplemental
CAI with Earobics Step 1.

2.5.2. Research question 2: what is the added value of vocabulary
proficiency to mathematics outcomes?

Because language proficiencies arguable influence mathemat-
ical development (Figueras-Daniel & Barnett, 2013; Foster et al.,
2015; Galindo, 2010; Praet, Titeca, Ceulemans, & Desoete, 2013;
Purpura & Ganley, 2014; Purpura et al., 2011), we examined the
predictive value of Spanish and English vocabulary on posttest
mathematics and if vocabulary proficiencies moderated the effects
of the BB software. We  hypothesized that vocabulary would predict
children’s mathematics skills after accounting for autoregressive
mathematics ability and intervention effects. We  also expected that
vocabulary proficiencies would moderate the effectiveness of the
BB software on mathematics outcomes.

3. Method

3.1. Participants

Participants were recruited from kindergarten classes in five
schools in a large urban school district in Texas. Schools were
chosen because they served a large proportion of Hispanic DLL stu-
dents. The percentage of Hispanic students at participating schools
ranged from 74% to 99% (M = 86.4, SD = 13.37). The percentage of
students being served as English language learners at each school
ranged from 40% to 57% (M = 49.80, SD = 6.38). The percentage of
students eligible for free or reduced lunch ranged from 90% to 98%
(M = 95.8, SD = 3.27).

Across three annual cohorts, 31 kindergarten teachers partic-
ipated. All teachers were college educated, certified by the state
to teach in the public school system, and all but one was  female.
Racial/ethnic data were reported for 25 of the 31 teachers: 6 were
Black, 1 was  non-Hispanic White, and 18 were Hispanic. Because
three annual cohorts of kindergarten children participated in the
study and because some teachers were assigned to the same grade
in subsequent years, a few teachers participated in the study more
than one year. Specifically, two teachers participated all three years,

five teachers participated in two  years, and 24 teachers participated
in one year, resulting in 40 kindergarten classrooms.

All 40 classrooms of children received full-day kindergarten pro-
gramming. The average class size was 20 students. On  average,
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2% of students in participating classrooms were native speakers
f Spanish and 28% were native speakers of English. Of the teachers
rom the 40 classrooms, 32% reported that all of their mathemat-
cs instruction was provided in English, while 24% reported that
ll of their mathematics instruction was provided in Spanish. The
emaining 44% of the classrooms reported using English and Span-
sh to varying degrees. Teachers reported that daily mathematics
nstruction ranged from 45 to 125 min  (M = 77.51, SD = 18.41).
eachers were also asked to report their goals for mathemat-

cs instruction and individual teaching opportunities on a 5-point
ikert scale that reflected relative proportions of emphasis on
racticing mathematics versus understanding mathematics concepts.
f the classroom teachers, 3% emphasized practicing mathemat-

cs, 16% emphasized understanding mathematics concepts, and 35%
mphasized building conceptual understanding with some practice.
he remaining 46% of the teachers reported equally emphasizing
racticing mathematics and building conceptual understanding.  No
lassrooms reported emphasizing practicing mathematics with some
ocus on mathematics concepts.

Participating classrooms reflected commonplace instructional
ractices in kindergarten that balanced discovery learning with
xplicit instruction. All but one classroom (97.5%) followed a ver-
ion of the enVisionMath curriculum for kindergarteners. That
urriculum includes daily lesson plans organized into focused
opics aimed at developing students’ conceptual understanding
hrough practice and problem-solving activities. Understandably,
eachers were allowed to alter their pace through the curriculum
nd to supplement their mathematics instruction with materials
nd activities that were not part of the enVisionMath curriculum. In
act, of higher priority than following the curriculum was  adherence
o the Texas Essential Knowledge and Skills (TEKS)1 and adherence
o the school district’s written expectations for student learning,
hich were very closely aligned with TEKS.

All children in participating classrooms were provided some
orm of supplemental CAI in Spanish. However, only children whose
arents provided active informed consent were enrolled in the
tudy. Of the 270 children enrolled in the study, 98% were Hispanic
nd 2% were mixed ethnicity, including Hispanic. Half of the sam-
le was female, that is, 51%. All families reported speaking Spanish
s the primary language in their home. Children ranged in age from
.00 to 6.30 years (M = 5.70, SD = .29) when they entered the study.

.2. Research design and experimental conditions

.2.1. Study design
Participants were randomized with equal probability from

ithin each classroom to one of two conditions: CAI in mathe-
atics delivered by the BB software (Clements & Sarama, 2013)

r CAI in literacy delivered by Earobics Step 1 (Version 1). Thus, the
nly component of the BB program that was evaluated in this study
as the software. Randomization from within classroom at the stu-

ent level ensured that children in the two experimental groups
xperienced the exact same classroom instruction and that group
ifferences in academic outcomes were necessarily a consequence
f the experimental conditions. The study design allowed us to

dentify the impact of the BB software on children’s posttest math-
matics achievement relative to interacting with Earobics Step 1
oftware. None of the literacy instruction delivered by Earobics Step
 explicitly taught numeracy, quantity, geometric or spatial reason-
ng, or any other obvious mathematical skills. Classroom teachers

ere blind to children’s assignments to CAI conditions because

1 The state curriculum standards are presented as part of the Texas Education
ode (2012). The mathematics standards for Kindergarten can be found at http://
itter.tea.state.tx.us/rules/tac/chapter111/ch111a.pdf.
arch Quarterly 43 (2018) 83–95

CAI was  provided outside of the main classroom during ancillary
time for computers. Importantly, using CAI in literacy as the control
condition concurrent with CAI in mathematics as the experimen-
tal condition guaranteed that the control group did not receive
any additional mathematics instruction during the time that the
experimental group received CAI in mathematics. The computer-
ized nature of the control condition also ensured that any positive
gains associated with the BB software were not due to enhanced
computer skills, enhanced attentional abilities, increased motiva-
tion, or increased interactions with adults around CAI.

3.2.2. General CAI procedures
Children worked individually on computers in their school’s

computer lab during the ancillary instructional block designated
for computer time. Bilingual research assistants were responsible
for setting up hardware and software in each school’s computer lab.
They were also present in the lab to assist with non-instructional
aspects of supplemental CAI such as providing behavioral supervi-
sion, technical assistance, and explanation of procedures if needed.
For example, if a child had difficulty navigating between tasks, log-
ging back into a program, or understanding a particular task, the
research assistant provided appropriate direction.

Children used stereo headphones during CAI to minimize dis-
tractions from background noise, given that CAI was delivered
simultaneously to all children. All responses were made using an
external mouse. Children in both groups received 90 min  of CAI
per week in addition to the standard instruction they received in
their classrooms. The 90 min  of CAI per week were delivered in two
45-min sessions; however, because of one school’s schedule (eight
classrooms), CAI was provided during three 30-min sessions. The
duration of 21 weeks of CAI was  spread across 30 calendar weeks to
accommodate the school district’s holidays, district-wide standard-
ized testing, and Kindergarten progress monitoring assessments.

It should be noted that BB software and Earobics Step 1 are both
adaptive software programs. Each software program adjusts the
level of instruction to match the level of ability demonstrated by
an individual child. In other words, each particular task (e.g., addi-
tion, sequencing, patterning, tapping sounds, blending sounds) is
leveled, such that a given activity becomes more and more diffi-
cult until either all levels of the activity are successfully completed
or until a child chooses to discontinue that activity by choosing
to complete a different activity. Thus, children directed their own
instruction insomuch as they were free to move from activity to
activity within a given software program and by responding either
correctly or incorrectly to each learning trial.

3.2.3. Computer software programs
The BB software is appropriate for children in preschool through

third grade. It teaches fundamental mathematical ideas through
a series of leveled games that comprise a given learning trajec-
tory along two separate strands of numeracy and geometry. Within
each strand, there are a number of learning trajectories: counting,
comparing and ordering numbers, subitizing, composing numbers,
adding and subtracting, multiplying and dividing, classifying, mea-
suring, recognizing shapes, composing shapes, comparing shapes,
spatial sense and motions, and patterning. Participants in this study
were given access to interact with all levels of the games that
teach numeracy (see online Supplement, Appendix A, for the list
of numeracy games and their description).

Earobics Step 1 includes six educational games that teach

phonological awareness, short-term memory, sound discrimina-
tion, and letter sound correspondence, appropriate for children in
preschool through second grade. Participants in this study were
given access to interact with the three games that teach phono-

http://ritter.tea.state.tx.us/rules/tac/chapter111/ch111a.pdf
http://ritter.tea.state.tx.us/rules/tac/chapter111/ch111a.pdf
http://ritter.tea.state.tx.us/rules/tac/chapter111/ch111a.pdf
http://ritter.tea.state.tx.us/rules/tac/chapter111/ch111a.pdf
http://ritter.tea.state.tx.us/rules/tac/chapter111/ch111a.pdf
http://ritter.tea.state.tx.us/rules/tac/chapter111/ch111a.pdf
http://ritter.tea.state.tx.us/rules/tac/chapter111/ch111a.pdf
http://ritter.tea.state.tx.us/rules/tac/chapter111/ch111a.pdf
http://ritter.tea.state.tx.us/rules/tac/chapter111/ch111a.pdf
http://ritter.tea.state.tx.us/rules/tac/chapter111/ch111a.pdf
http://ritter.tea.state.tx.us/rules/tac/chapter111/ch111a.pdf
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ogical awareness (i.e., Caterpillar Connection, Rhyme Time, and
ap-a-Tap-Tap).

.2.4. Fidelity of implementation
Children’s access privileges to a specific software and spe-

ific games were programed according to experimental condition.
esearch assistants ensured CAI was implemented according to
tudy design specifications by monitoring children’s usage via
aily reports generated online by each software program. Doing
o helped ensure that children were moving along their learning
rajectories within a software program. As mentioned, research
ssistants checked all hardware, software, and power sources
or proper functioning at the beginning of each day. They also
upervised children’s participation to ensure that children wore
eadphones, played on their own computer, and remained on task.
esearch assistants also maintained attendance records and logs of
ny technical problems experienced. Missed sessions were usually
ue to child absences, field trips, district-wide standardized test-

ng, or technical difficulties, such as Internet connectivity. However,
ndividual children or whole classes of children that missed a CAI
ession made up the missed session within a two-week period.

.3. Assessment measures and data collection plan

Skills were measured in English and Spanish at four time points.
ave one (i.e., pretest) occurred at the beginning of the school

ear, preceding CAI by one or two weeks. Numeracy and vocab-
lary were assessed at wave one. Wave two and wave three test
dministrations followed 10 and 20 weeks of CAI, respectively. Only
ocabulary was assessed at these waves. Wave four (i.e., posttest)
ccurred toward the end of the school year, following CAI by one
r two weeks. Numeracy, vocabulary, and applied problem solving
ere assessed at wave four.

.3.1. Vocabulary
Children’s vocabulary was estimated using the Expressive One

ord Picture Vocabulary Test (EOWPVT; Brownell, 2000a) and
he EOWPVT Spanish-Bilingual Edition (EOWPVT–SBED; Brownell,
000b). Both versions present examinees with colored line draw-

ngs that depict an action, object, category, or concept. Children
ere asked by an examiner to verbally respond to prompts such

s “What is this?”, “What is she doing?”, and “What are these?”
imilarly, children were asked to verbally respond to prompts for
he EOWPVT-SBED such as “¿Que és esto?”, “¿Qué está haciendo
lla?” and “¿Qué son estos dibujos?” Standardized administration
nd scoring procedures were followed for the EOWPVT. However,
o permit separate estimates of English vocabulary and Spanish
ocabulary, nonstandard Spanish only scoring was  employed for
he EOWPVT–SBED.2 Cronbach’s alphas demonstrated that both

ocabulary measures were internally consistent, .94 and correla-
ions across kindergarten within a given language were high (see
nline Supplement, Appendix B).

2 To permit separate estimates of vocabulary and mathematics in English and
panish, English only scoring was employed for measures of English abilities and
panish only scoring was employed for measures of Spanish ability. Thus, if a par-
icipant responded in English to a Spanish test item or in Spanish to an English item,
he student was prompted to respond in the appropriate language. Following the
rompt, if the student continued to respond in the incorrect language, the item was
cored as incorrect. Of the measures, this procedure deviates from the standardized
dministration procedures for the Expressive One Word Picture Vocabulary Test –
panish Bilingual Edition (EOWPVT-SBED). Therefore, the reported standard scores
or Spanish vocabulary are likely an underestimate of the sample’s norm-referenced
chievement.
arch Quarterly 43 (2018) 83–95 87

3.3.2. Numeracy
Numeracy skills were assessed in English with the Research-

based Early Maths Assessment (REMA; Clements, Sarama, & Liu,
2008), and in Spanish with a forward translation of the REMA. The
REMA was  chosen because it is validated and designed for early
mathematics, its sensitivity to detect differences in the early math-
ematics performance of young children (Clements et al., 2008) and
sensitivity to intervention effects (e.g., Clements and Sarama, 2007,
2008; Clements et al., 2011; Foster et al., 2016). Items from the
numeracy strand were administered because they indexed an out-
come proximal to the BB software. The numeracy strand includes
four subscales: number recognition and subitizing, composition of
number, arithmetic, and number comparison and sequencing. Core
mathematics skills assessed within the numeracy strand include
verbal counting, object counting, number recognition and subitiz-
ing, number comparison, number sequencing, numeral recognition,
number composition and decomposition, and adding and subtract-
ing. General concepts and processes, such as part–whole thinking,
and the corresponding processes of composition and decomposi-
tion, classification, and seriation were woven throughout the core
areas. Standardized administration and scoring procedures were
followed. Although the REMA is aligned along the same research-
based developmental progressions as the BB software, it assesses
numeracy skills more broadly and uses different tasks and materials
so that it does not serve as an assessment specific to the BB program.
For a detailed description of the REMA’s development, see Clements
et al. (2008). The internal consistency of the English and Spanish
REMA when used with the present sample was good (.84–.90) and
stability was  evidenced by moderate correlations between pretest
and posttest scores within a given language (see Appendix B).

3.3.3. Applied problems
Because of our interest in examining the BB software’s impact

on distal mathematics outcomes, children were also assessed in
English using the Applied Problems subtest of the Woodcock-
Johnson III Tests of Achievement (WJ-III; Woodcock, McGrew,
& Mather, 2007) and in Spanish using the Problemas Aplicados
subtest of the Batería III Woodcock-Muñoz Pruebas de Aprove-
hamient (Batería III; Muñoz-Sandoval, Woodcock, McGrew, &
Mather, 2005). These subtests require children to analyze and
solve verbally presented problems that involve the application
of arithmetic skills to solve mathematics problems. Standardized
administration and scoring procedures were followed. Internal
consistencies for the English and Spanish administration were good
(.86 and .90) when used with the present sample at posttest.

3.3.4. Examiners
Bilingual research assistants administered the assessment bat-

tery. All examiners had undergraduate or advanced degrees.
Examiners attended a three-day workshop led by the second
author. After training and ample practice, examiners demonstrated
competence in administration and scoring of all tests by admin-
istering the tests to the second author or a postdoctoral fellow
through role-playing. Examiners were naïve to the study’s aims and
children’s assignments to experimental conditions.

4. Results

As expected, comparable wave one standard scores2 of partic-

ipants’ vocabulary suggested that they were stronger in Spanish
(M = 81, SD = 17) than English (M = 60, SD = 12). Standard scores of
participants’ wave one nonverbal (or fluid) IQ3 as assessed with

3 Because nonverbal (or fluid) IQ is not expected to be dependent on the language
of  test administration, we only report scores for a forward translation (i.e., from
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mentioned above, standard errors corresponding to regression esti-
mates were corrected for classroom nesting. Model 1 indicated that
pretest numeracy, but not experimental condition, significantly
8 M.E. Foster et al. / Early Childhoo

he Copying and Pattern Analysis subtests from the Stanford-Binet
ourth edition (Thorndike, Hagen, & Sattler, 1986) were below aver-
ge (M = 79, SD = 11).

.1. Preanalysis data inspections

.1.1. Attrition
Of the 270 participants, 16 from the BB software group and

8 from the Earobics Step 1 group relocated after pretesting to a
onparticipating classroom or school (i.e., 13%). These participants
nd those that remained evidenced equivalent pretest distributions
or vocabulary measured in English (F = .28, p = .60) and Spanish
F = 1.34, p = .25), nonverbal IQ measured in English (F = 3.17, p = .09)
nd Spanish (F = 1.18, p = .28), and numeracy measured in English
F = .98, p = .32) and Spanish (F = .24, p = .62). Therefore, all pretest
ata were retained for subsequent analyses. Mathematics perfor-
ance of children is summarized by wave for the full sample and

y group in Table 1. In general, children evidenced improvement
n numeracy from pretest to posttest and there was no evidence of
ata non-normality.

.1.2. Pretest differences
To verify the success of random assignment, we evaluated

hether or not the experimental groups differed on demographic
haracteristics and competencies at pretest. The groups did not
emonstrate differences in age (F = .55, p = .46) or gender (�2 = .03,

 = .87). The experimental groups also evidenced equivalent IQ
F = 3.53, p = .06), vocabularies measured in English (F = .35, p = .56)
nd Spanish (F = .08, p = .78), and numeracy measured in English
F = .05, p = .82) and Spanish (F = .41, p = .52).

.1.3. Intraclass correlations
Models conditional on pretest numeracy achievement were

stimated for the full sample to compute intraclass correlations
ICCs). Conditional ICCs for numeracy and applied problem solving
ere stronger in magnitude for Spanish (.084, .090) than English

.000, .010). Virtually no variance was attributable to the classroom
or English mathematics outcomes when pretest numeracy was
ncluded in the models. In contrast, stronger ICCs for Spanish math-
matics outcomes suggests that there is less homogeneity in these
cores across classrooms. Given the ICCs and desire to maintain
onsistency across analyses, corrections were applied to standard
rrors to adjust for classroom level differences when analyzing all
utcomes to guard against Type 1 error and biased parameter esti-
ates (cf. Peugh, 2010; Singer & Willett, 2003).

.2. Data analytic approach

Consistent with Graham’s (2009) definitions of missingness,
retest data were missing at random (MAR) by design. Children
ho scored ≥10 items correct on the EOWPVT were adminis-

ered mathematics assessments in English. Children who  scored
9 items correct on the EOWPVT-SBED were administered math-
matics assessments in Spanish. These criterions were chosen
ased on their similar age equivalents and the amount of language
ompetence presumed to be needed to understand the tasks and
irections of the mathematics assessments. Children scoring above
oth criteria were assessed in both languages at pretest. As a result,
30 children were missing pretest scores for English numeracy

ns = 62 and 68 for the BB and the Earobics Step 1groups), while 35
hildren were missing pretest scores for Spanish numeracy (ns = 16
nd 19 for the BB and the Earobics Step 1 groups). Thus, there were

nglish to Spanish) of the Copying and Pattern Analysis subtests of the Stanford-
inet, fourth edition (Thorndike et al., 1986).
arch Quarterly 43 (2018) 83–95

140 children with the English REMA at pretest, whereas 235 chil-
dren completed the Spanish REMA at pretest. For additional details
regarding missingness, please see Table 1. To avoid biased estimates
and loss of statistical power from listwise deletion of cases missing
mathematics data at pretest, we used full information maximum
likelihood (FIML) and an auxiliary variable, as recommended by
Graham (2009) when data are missing by design. The auxiliary vari-
able is used to explain the missingness and is not included in the
model. Therefore in the present study, vocabulary scores at pretest
served as auxiliary variables in Mplus (version 7.4) and FIML was
used to estimate the regression coefficients using all available data,
thereby maintaining the variance structure and not losing cases
with incomplete data (Fitzpatrick, McKinnon, Blair, & Willoughby,
2014). FIML estimation is considered as one of the best methods for
handling missing data (Muthén, Kaplan, & Hollis, 1987; Worthke,
2000).

Classroom was specified as the cluster-level variable in all anal-
yses to correct for classroom level differences (i.e., level 2) while
evaluating the impact of experimental condition on children’s
mathematics achievement (i.e., level 1). Raw scores were used in all
analyses and continuous predictors (i.e., vocabulary) were centered
at the grand mean to improve interpretability. Completely stan-
dardized results are reported, including R2 for each model, which
is the proportion of variance shared with the optimally weighted
independent variables. Effect sizes4 were estimated according to
procedures described by Feingold (2009). Effect sizes reported are
for the highest order effect within a given regression model (i.e., the
main effect of group or the interaction of pretest numeracy scores
and group).

We  employed a univariate approach to evaluate impact of the
BB software on kindergartners’ mathematics achievement because
this approach was  consistent with our interest in examining impact
on proximal (i.e., numeracy) and distal (i.e., applied) mathematics
achievement. Impacts were also evaluated separately by language
of test administration. There was  no evidence of a group by pretest
interaction for any of the posttest mathematics scores, so these
results are not reported in tables. English numeracy scores from the
pretest served as the covariate in the prediction of posttest English
mathematics, and Spanish numeracy scores from the pretest served
as the covariate in the prediction of posttest Spanish mathematics.
To examine the effect of vocabulary on mathematics outcomes, we
examined the influence of English vocabulary and its interaction
with group in the prediction of English and Spanish posttest mathe-
matics. Similarly, we  examined the influence of Spanish vocabulary
and its interaction with group in the prediction of Spanish and
English posttest mathematics. As mentioned, mean vocabulary,
which was  derived from wave two and three vocabulary scores,
was used for these analyses.

4.3. The prediction of posttest English numeracy

The prediction of posttest English numeracy from pretest
English numeracy and group (Model 1) are reported in Table 2.
The regression estimates from these models represent the unique
effects of each variable adjusting for all other terms in the model. As
4 The following formula adapted from Feingold (2009) was used to determine
estimates of effect size: ES = ˇ11 (time)/SDRAW, where ˇ11 (average growth rate) is
the treatment effect accounting for the multilevel structure of the data, SDRAW is
the  treatment effect’s standard deviation, and time is the number of time points
or  waves of data. This method conveys effect magnitude by estimating the differ-
ence between the treatment groups mean growth rates and is calculated with the
standard deviation of raw scores.
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Table  1
Descriptive statistics by time point for the full sample and by group.

Variable Max  Pretest Posttest

n Mean SD Skew n Mean SD Skew

Full sample
English numeracy 43 140 13.61 5.40 −.03 236 20.08 7.85 −.13
English applied problems 63 –a –a –a –a 248 16.34 5.02 −.69
Spanish numeracy 43 235 12.33 6.09 .43 239 20.36 7.85 −.04
Spanish applied problems 63 –a –a –a –a 251 17.28 4.63 −.33

Building Blocks group
English numeracy 43 70 13.71 5.49 .09 116 20.80 8.01 −.19
English applied problems 63 –a –a –a –a 121 16.22 5.37 −.81
Spanish numeracy 43 116 12.08 6.35 .57 118 20.88 7.91 −.21
Spanish applied problems 63 –a –a –a –a 123 17.70 4.74 −.54

Earobics Step 1 group
English numeracy 43 70 13.50 5.35 −.17 120 19.39 7.66 −.09
English applied problems 63 –a –a –a –a 127 16.46 4.67 −.48
Spanish numeracy 43 118 12.57 5.88 .29 121 19.85 7.79 .12
Spanish applied problems 63 –a –a –a –a 128 16.86 4.50 −.14
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ote. All values are reported in raw score units without corrections for pretest diffe
a Applied problems was  not assessed at pretest.

redicted posttest numeracy. Together, these predictors accounted
or 45% (R2 = .45) of the variance in the English numeracy, with an
ffect size for group of .15.

Results from the prediction of English numeracy at posttest from
nglish vocabulary are reported in Models 2 and 3 (see Table 2).
he prediction of English numeracy from English vocabulary was
ot statistically significant. Expanding Model 2 by including the

nteraction of group with vocabulary (Model 3) did not result in
mproved prediction of this outcome. Neither English vocabulary
or its interaction with group, reliably predicted English posttest
umeracy.

In contrast to English vocabulary, Spanish vocabulary was a sta-
istically significant predictor of English numeracy at posttest (see

able 2, Model 4). Together, the three predictors accounted for a
mall although reliable increase in variance of posttest numeracy
elative to Model 1 (�R2 = .01). Expanding Model 4 by including
he interaction of group with Spanish vocabulary (Model 5) did not

able 2
rediction of posttest English mathematics achievement.

Variable English numeracy 

 ̌ SE p 

Model 1 

Autoregressor .66 .05 <.001 

Group  .06 .05 .23 

Model  2 

Autoregressor .63 .06 <.001 

Group  .05 .04 .21 

English vocabulary .07 .06 .28 

Model  3 

Autoregressor .64 .06 <.001 

Group  .01 .08 .93 

English vocabulary .05 .08 .54 

Group  × English vocabulary .02 .08 .80 

Model  4 

Autoregressor .61 .06 <.001 

Group  .05 .05 .26 

Spanish vocabulary .17 .06 <.01 

Model  5 

Autoregressor .61 .06 <.001 

Group  −.02 .12 .90 

Spanish vocabulary .15 .08 .06 

Group  × Spanish vocabulary .07 .13 .60 

ote. Completely standardized results reported.
Autoregressor was English numeracy at pretest.
s or classroom nesting.

result in improved prediction of posttest numeracy. Thus, Span-
ish vocabulary benefitted children in both experimental groups
equally when solving English numeracy problems.

4.4. The prediction of posttest English applied problems

Results from the prediction of applied problems from English
numeracy and group are reported in Table 2. Although the predic-
tors in Model 1 explained 50% of the variance in applied problems,
group was not reliably associated with this outcome. The effect
size for group was  .14. Thus, the use of the BB software did not
correspond to statistically significant or substantively important
improvements for English mathematics scores.
After controlling for classroom effects, English numeracy, group,
and the prediction of applied problems from English vocabulary
were statistically significant (see Table 2, Model 2). These predic-
tors accounted for a small although reliable increase in variance

English applied problems

R2
 ̌ SE p R2

.45 .50
.71 .05 <.001
−.05 .04 .22

.45 .52
.61 .07 <.001
−.05 .04 .23
.18 .07 .01

.45 .49
.61 .07 <.001
−.08 .08 .36
.17 .11 .10
.01 .10 .97

.46 .48
.70 .05 <.001
−.06 .04 .18
−.03 .07 .64

.45 .49
.71 .05 <.001
−.28 .13 .02
−.11 .08 .20
.26 .15 .08
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Table 3
Prediction of posttest Spanish mathematics achievement.

Variable Spanish numeracy Spanish applied problems

 ̌ SE p R2
 ̌ SE p R2

Model 1 .42 .44
Autoregressor .64 .04 <.001 .66 .04 <.001
Group  .09 .04 .04 .11 .04 <.01

Model  2 .41 .44
Autoregressor .64 .04 <.001 .68 .04 <.001
Group  .09 .04 .05 .11 .04 .02
English  vocabulary −.03 .06 .62 −.13b .05b .01b

Model 3 .41 .44
Autoregressor .62 .07 <.001 .68 .05 <.001
Group  .04 .10 .66 .13 .07 .07
English  vocabulary −.03 .06 .66 −.10 .07 .16
Group  × English vocabulary .05 .12 .67 −.04 .09 .63

Model  4 .50 .55
Autoregressor .49 .06 <.001 .46 .05 <.001
Group  .08 .04 .03 .10 .04 .01
Spanish vocabulary .32 .07 <.001 .39 .05 <.001

Model  5 .50 .55
Autoregressor .50 .06 <.001 .46 .05 <.001
Group  .26 .13 .05 .12 .15 .43
Spanish vocabulary .37 .08 <.001 .39 .05 <.001
Group  × Spanish vocabulary −.17 .14 .20 −.01 .15 .94
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Autoregressor was  Spanish numeracy at pretest.

b Effects due to suppression and are not trustworthy; see text for details.

n applied problems over that of Model 1 (�R2 = .02). This indi-
ates that English vocabulary uniquely contributed to children’s
roficiency in solving applied mathematics problems in English.
he addition of the group by vocabulary interaction term in the
ubsequent model (Model 3) did not result in improved prediction
f applied problems relative to Model 2. Thus, English vocabulary
enefited children in both conditions equally when asked to solve
pplied problems in English.

Results concerned with the prediction of applied problems in
nglish from Spanish vocabulary suggest that Spanish vocabulary
as not significantly associated with this outcome (see Table 2,
odel 4). The addition of the group by Spanish vocabulary inter-

ction term (Model 5) did not result in improved predictive ability
elative to Model 4. In short, neither Spanish vocabulary nor its
nteraction with group was reliably associated with improved
cores on the test of applied problem solving in English.

.5. The prediction of posttest Spanish numeracy

Both Spanish numeracy at pretest and group significantly pre-
icted Spanish numeracy at posttest, accounting for 42% of its
ariance (see Table 3, Model 1). The effect size for group was .26.
hus, the use of the BB software was associated with statistically
ignificant and substantively important improvements in Spanish
umeracy, after accounting for pretest numeracy and classroom
ffects.

English vocabulary was not reliably associated with Spanish
umeracy at posttest, after accounting for model covariates (see
able 3, Model 2). Expanding Model 2 to include the interaction
f group with vocabulary (Model 3) did not result in improved
rediction of posttest numeracy. Neither English vocabulary nor

ts interaction with group was significantly predictive of Spanish
umeracy at posttest.
In contrast to English vocabulary, Spanish vocabulary was  sig-
ificantly predictive of Spanish numeracy, after accounting for
ovariates (see Table 3, Model 4). This model accounted for a mod-
rate increase in variance in posttest numeracy relative to Model
1 (�R2 = .08). The addition of the group by vocabulary interaction
term in Model 5 did not account for additional variance in posttest
numeracy. Thus, Spanish vocabulary equally benefitted all children
when solving Spanish numeracy problems, regardless of experi-
mental condition.

4.6. The prediction of posttest Spanish applied problems

Model 1 (see Table 3) indicated that Spanish numeracy and
group were significant predictors of posttest applied problem solv-
ing in Spanish. Together, the predictors accounted for 44% of the
variance in the outcome, with an effect size for group of .31. Thus,
the BB software was  associated with improvements in Spanish
applied problems.

A cursory look at results from analyses including vocabulary
in the prediction of applied problem solving for Spanish would
seem to suggest that all three terms (English vocabulary, group,
and Spanish numeracy) were reliably associated with these scores
(see Table 3, Model 2). However, the beta for English vocabulary
(  ̌ = −.13) was  substantially larger and in the opposite direction
than the corresponding zero-order correlation (r = .04), indicating
that it was inflated by multicollinearity created by introducing
the term for the effect of English vocabulary in the model. Conse-
quently, these suppression effects should not be interpreted. Thus,
English vocabulary was not predictive of higher scores for applied
problem solving in Spanish. The addition of the group by English
vocabulary interaction term in Model 3 did not account for addi-
tional variance in numeracy scores at posttest. Thus, neither English
vocabulary nor its interaction with group was  significant predictors
of Spanish applied problem solving. Spanish vocabulary, however,
significantly predicted applied problem solving in Spanish, after
accounting for Spanish numeracy and group (Model 4). This model

accounted for a moderate increase in variation in applied problem
solving in Spanish over that of Model 1 (�R2 = .11). The addition
of the group by vocabulary interaction term in Model 5 did not
account for additional variation in these scores over that of Model
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Table  4
Prediction of posttest Spanish vocabulary.

Variable Spanish vocabulary

 ̌ SE p R2

Model 1 .85
Autoregressor .92 .01 <.001
Group .01 .02 .69

Model 2 .85
Autoregressor .92 .01 <.001
Group .03 .09 .76
Group × Spanish vocabulary −.02 .10 .80
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ote. Completely standardized results reported.
Autoregressor was Spanish vocabulary at pretest.

. Thus, Spanish vocabulary benefitted all children equally when
olving applied problems in Spanish.

.7. The prediction of posttest Spanish vocabulary

To examine treatment specificity posthoc and rule out an alter-
ative explanation that participation in the Spanish version of the
B software improved students’ tendency to respond in Spanish,
s opposed to improving their mathematical knowledge, we ran
wo additional analyses. However, the use of an auxiliary vari-
ble was unnecessary for this analysis because we had complete
ata at pretest on our measures of vocabulary. As displayed in
able 4, after accounting for the effects of Spanish vocabulary at
retest, group was not reliably associated with Spanish vocabulary
t posttest. The addition of the group by vocabulary interaction
id not account for additional variation in posttest Spanish vocab-
lary. Thus, interaction with the BB software improved students’
athematical knowledge, not their tendency to respond in Spanish.

. Discussion

Identifying effective mathematics interventions for Hispanic
indergartners in the U.S. from low-income backgrounds, espe-
ially those learning English and Spanish (i.e., DLLs), represents
n important step in reducing mathematics disparities. Increas-
ng the kindergarten mathematics achievement of Hispanic DLLs
ould yield more promising academic trajectories, higher Science,
echnology, Engineering, and Mathematics (STEM) achievement,
nd potentially increase the number of Hispanic DLLs who  later
ursue advanced degrees and careers in STEM fields. To this end,
e examined the effect of using the BB software as a supplement

o children’s general education mathematics instruction in schools
hat served Hispanic DLLs from low-income backgrounds.

The results demonstrated that supplemental implementation of
he Spanish version of the BB software used throughout most of the
indergarten school year led to statistically significant and substan-
ively important improvements in children’s Spanish mathematics
chievement (effect size = .26 and .31 for numeracy and applied
roblems). These effect sizes exceeded the WWC  effect size thresh-
ld of .25 that is considered an effect size of substantive importance
U.S. Department of Education, Institute of Education Sciences,

hat Works Clearinghouse, 2014). These positive impacts, how-
ver, did not generalize to children’s performance on measures
f English mathematics achievement (effect size = .15 and .14 for
umeracy and applied problems). The significant and substantively

mportant impacts of BB software on Spanish mathematics achieve-
ent are consistent with the extant research of CAI in mathematics
e.g., Cheung & Slavin, 2013; Harskamp, 2014; Moyer-Packenham
 Westenskow, 2013). In addition, it is worth noting that BB soft-
are was designed on scientific principles and a refined version of

 previously published model for “developing effective software”
arch Quarterly 43 (2018) 83–95 91

(Clements & Battista, 2000). The final model is a 10-phase research-
and-development process with three categories of development, a
priori research reviews, the development of learning trajectories,
and formative and summative evaluation (described in Clements,
2007; Clements & Sarama, 2015). However, the only summative
evaluation of the BB software was  conducted on the English ver-
sion (Foster et al., 2016). We  hypothesized that this software would
be equally effective for Hispanic DLLs as their monolingual English-
speaking counterparts because it was  based on these same scientific
principles and because these principles included features particu-
larly useful for DLLs. These features include instruction in children’s
native language (Celedón-Pattichis, 2010; Espada, 2012; Turner
et al., 2008), connections between this language and dynamic visual
models (Clements, 2014), opportunities for children to create their
own problems (Janzen, 2008; Turner et al., 2008), and the provision
of time to do so (Turner, 2011). Thus, this study is the first to vali-
date the Spanish version of the software suite and provides efficacy
of the scientific principles for software development.

Results from the present study and the extant research indi-
cate that mathematics learning of children, including Hispanic
DLLs in kindergarten, can be enhanced by supplemental use of
research-based mathematics software. Nonetheless, it is impor-
tant to note that small group (non-CAI) numeracy instruction can
produce similar effects on kindergarten numeracy achievement
as those reported in the present study. Dyson, Jordan, Beliakoff,
and Hassinger-Das (2015) demonstrated that a supplemental small
group numeracy intervention had substantial effects on children,
including English learners, number sense, arithmetic fluency, and
mathematics calculation achievement (effect size = .32–.82). The
use of teachers in small group instruction is probably an advantage
that leads to better outcomes. However, a disadvantage of small
group instruction is that it can be teacher intensive. In contrast, sup-
plemental CAI as implemented in the present study is not teacher
intensive, does not interrupt children’s general classroom math-
ematics instruction, and does not interfere with other academic
programming because it was delivered during students’ ancillary
block for computer time. Therefore, the effect sizes reported in
the present study are of practical significance (i.e., educationally
meaningful).

Results of the present study are consistent with our previous
evaluation of the English version of the BB software when used
with monolingual English-speaking kindergartners (Foster et al.,
2016). In the present study, the BB software had similar impacts on
scores for the Spanish REMA (i.e., numeracy) and Spanish Applied
Problems subtest. The REMA is a measure proximal to the BB
curriculum. It was designed to assess all of the progressions in
mathematics development that underlie the BB learning trajec-
tories (Sarama & Clements, 2009). Although the REMA is closely
aligned conceptually with the BB Software, it assesses numeracy
skills using different tasks and different materials so as to not
exclusively serve as a curriculum mastery test. Nonetheless, we
included Spanish Applied Problems as a distal measure to assess
generalization of learned skills. This subtest is not aligned with
the BB software and it assesses a broader skill set as a general
outcome measure. Demonstration of reliable group differences for
solving Spanish Applied Problems therefore strengthens the con-
clusion that the BB software improved mathematics achievement
because the intervention effects generalized to the application of
arithmetic skills to solve mathematics problems. Moreover, the
effect size for Spanish Applied Problems, .31, was stronger in mag-
nitude than the effect size for the Spanish REMA, .26. Finally,
the alternative explanation for the present results that participa-

tion in the Spanish version of the BB software improved students’
tendency to respond to mathematics problems in Spanish, as
opposed to improving their mathematical knowledge, is not ten-
able given the lack of general impact on Spanish vocabulary and
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ack of effect for the control group on English mathematics prob-
ems.

The differential effect of the Spanish BB software on English
erses Spanish mathematics was not surprising. Because the Span-
sh version of the software was used in the present study, we
xpected learning gains to be most evident for Spanish math-
matics. However, the generalization of mathematical concepts
nd skills from Spanish to English is an important area of inquiry
or Hispanic DLLs in the U.S. The present results suggest that an
ndividual academic school year may  be insufficient for Hispanic
LLs to generalize their learning of mathematics from Spanish to
nglish. An alternative explanation is that the linguistic demands
f the English mathematics tests exceeded this sample’s English
roficiency, interfering with their ability to demonstrate mathe-
atics abilities on these tests. Indeed, this sample’s achievement

n a standardized measure of English vocabulary was  more than
wo standard deviations below the mean of its norming sample
nd English vocabulary scores were moderately correlated with
nglish mathematics scores. Others (Abedi & Lord, 2001) have
emonstrated that decreasing the linguistic demands of English
athematics tests results in higher scores for English learners.

hus, underdeveloped English linguistic competencies or the lin-
uistic demands of English mathematics tests may  have interfered
ith the successful measurement of English mathematics skills in

he present study.
In an attempt to identify conditions under which Hispanic

LLs are likely to succeed, we examined the influences of vocab-
lary in the development of mathematics. English vocabulary was
niquely predictive of solving applied problems in English. Spanish
ocabulary was uniquely predictive of solving English numeracy,
panish numeracy, and Spanish applied problems. These results
re consistent with other research that indicates that vocabulary,
hich is a proxy for language, is involved in solving many differ-

nt types of mathematics problems (Foster et al., 2015; Hooper
t al., 2010; LeFevre et al., 2010; Praet et al., 2013). Further, per-
ormance on distal mathematics tests, rather than on proximal
ests of numeracy, appear to depend more heavily on children’s
ocabulary (Foster et al., 2015; Purpura et al., 2011). This is due
n part to the linguistic demands associated with testing formats.
ndeed, some norm-referenced mathematics tests are character-
zed by linguistically complex test items (Rhodes et al., 2015;
haftel, Belton-Kocher, Glasnapp, & Poggio, 2006). Language is also
he medium through which children connect quantitative knowl-
dge to words and symbols, enabling conceptual development of
arly mathematics concepts (Krajewski & Schneider, 2009; LeFevre
t al., 2010; Purpura et al., 2011). In short, language appears to influ-
nce the development of mathematical knowledge and integration
f that knowledge with prior learning of mathematics (Purpura &
anley, 2014).

.1. Implications

The present study adds to the summative research on the BB
rogram, including our recent evaluation of the English BB soft-
are (Foster et al., 2016). Used as a supplement to daily classroom

nstruction, the Spanish BB software is effective in increasing the
athematics achievement of Hispanic DLLs in kindergarten. The

panish and English software therefore appear to be an option for
chool personnel interested in decreasing risk for school failure
y increasing the mathematical competencies of kindergartners
rom minority and low-income backgrounds. In addition, the soft-

are program’s value added speaks well of the program’s adaptive

unctionality and comprehensive coverage of relevant competen-
ies. That is, even though children seemingly directed their own
nstruction, the adaptive algorithms assured that instruction was
rovided at appropriate levels such that it allowed children to
arch Quarterly 43 (2018) 83–95

extract benefits from the educational software in accord with their
personal competencies. Breadth of scope and adaptive instruction
are important considerations for both developers of educational
software and consumers. Consumers, administrators, educators,
and parents alike desire educational software that teaches multi-
ple competencies and that can be appropriately used with diverse
groups of children who vary in school readiness. Thus, use of
research-based mathematics software can provide substantial ben-
efits regarding mathematics learning, at least when used as a
supplement to general classroom instruction (Citation Blinded for
Review).

Given the debate regarding language of instruction in the class-
room, the differential effect of the BB software on mathematics
outcomes is noteworthy. Learning mathematics in a non-native
language may  be particularly difficult, especially for kindergartners
because they have limited experience in formal education. Children
in the present sample also came from homes where Spanish was
the primary language spoken. Given the sample’s relatively low
scores for English vocabulary and because competency in English
is the ultimate goal for Hispanic DLLs in some states (e.g., Texas;
§89.1201), future research could benefit from evaluating the effec-
tiveness of the English version of the software with these students.
Indeed, relative to reading instruction, kindergarten mathematics
may  prove to be a more ideal starting point for providing Hispanic
DLLs with academic instruction in English. However, a mixed pre-
sentation of the BB software content, where Spanish instruction and
English instruction is alternated daily, may  be particularly effective
in enhancing kindergarten mathematics achievement of Hispanic
DLLs.

Given the impact of the Spanish BB software on Spanish but
not English mathematics achievement, and because classrooms in
which Hispanic DLLs are taught to employ Spanish and English
to varying degrees when providing mathematics instruction, it
could be beneficial to assess their mathematical skills in Span-
ish and English during kindergarten. Doing so could provide a
broader and more complete assessment of their mathematical com-
petencies. Such an approach to assessment for Hispanic DLLs may
help their teachers identify mathematics concepts in which they
are proficient, mathematics concepts in which they need further
instruction, and mathematics concepts that need to be generalized
from Spanish to English.

To accommodate and support Hispanic DLLs in the classroom,
it is important to attend to the relationship between a child’s lan-
guage status and his/her early mathematics competencies (Cross
et al., 2009). In particular, English language proficiency may  have
been a barrier to demonstrating English mathematics proficiency
and students in the present study benefitted from Spanish vocab-
ulary when solving English and Spanish mathematics problems.
It could therefore be beneficial for mathematics instruction (e.g.,
teacher led, peer assisted, CAI) for Hispanic DLLs to be supple-
mented by an intervention that targets language proficiency in
English and Spanish, especially vocabulary for specialized math-
ematical terms and quantitative language. Such an approach could
be particularly effective in enhancing the mathematics achieve-
ment of Hispanic DLLs. Similarly, future research could examine the
tenability of threshold hypotheses (Cummins, 2000), which suggest
that certain levels of proficiency in English and Spanish are nec-
essary to facilitate cross-language generalization of mathematics
skills.

Future research could extend these studies by examining con-
ditions under which the BB software is effective. For example, the
BB software may  be differentially effective for Hispanic DLLs in

kindergarten based on the quality of their classroom mathematics
instruction, the extent to which they receive classroom mathe-
matics instruction in English or Spanish, the extent to which such
instruction targets mathematics terminology, and the extent to



d Rese

w
T

5

u
e
t
a
&
c
p
p
m
e
g
e
t
v
r
(
a
h
d
i
c
p
a
e
a
c
w
e
r
w
i
H
(
t
i
d
e

6

a
c

A

b
D
c
M
p
“
f
o
e

M.E. Foster et al. / Early Childhoo

hich their classroom instruction is aligned with the BB software.
he present study was not designed to address these questions.

.2. Limitations

First, the present results may  not generalize beyond the pop-
lation of Hispanic DLLs in Texas kindergartens. For example, the
ffectiveness of the BB software may  differ for other DLLs popula-
ions (e.g., Asian) and for Hispanic DLLs who evidence disabilities
nd as a result need more intensive intervention (see Powell

 Fuchs, 2015). Second, the study does not permit statements
oncerning the merit of the BB software relative to other sup-
lemental mathematics programs. Improved mathematics in the
resent study may  be the result of additional time spent learning
athematics. Other supplemental mathematics programs could be

qually beneficial. Third, competence in other aspects of verbal lan-
uage or more comprehensive measures of verbal language may
vidence different relations to mathematics than those reported in
he present study. However, recent findings indicate that grammar,
ocabulary, and discourse, three facets of language ability, are best
epresented as a unidimensional latent construct in kindergarten
Language & Reading Consortium, 2015). Given this unidimension-
lity, it is unlikely that the use of other language measures would
ave substantially influenced the present results. Fourth, our data
o not permit close examination of the influence of mathematics

nstructional practices employed in children’s classrooms, which
ould have moderated the effect of the BB software. For exam-
le, the extent to which children received instruction in English
nd Spanish may  have influenced their mathematics and/or the
ffect of the BB software on English and Spanish mathematics
chievement. Similarly, posttest mathematics may  have varied for
hildren receiving English language services relative to those that
ere not receiving these services. Although classroom level mod-

rators could have occurred, such moderators do not confound the
esults from the main effects models because classroom instruction
as methodologically controlled. Fifth, the majority of classrooms

mplemented the 90 min  of CAI per week as two 45-min sessions.
owever, in the first year of the project, one school’s block schedule

i.e., eight classrooms) resulted in 90 min  of CAI being delivered in
hree 30-min sessions. Nonetheless, the present results are general-
zable across administration patterns. Future studies could consider
istributed dosage effects, which the present study was not pow-
red to identify.

. Conclusion

Despite the above limitations, supplemental use of the Spanish
nd English BB software to improve the mathematical competen-
ies of kindergartners from low-income backgrounds is supported.
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