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1. Introduction

This study examines blending of classroom- and family-based
supports within a Multi-Tiered System of Support (MTSS). MTSS
frameworks typically use primary, secondary, and tertiary inter-
ventions to prevent or ameliorate academic difficulties. Preventing
reading difficulties should begin in early childhood education (ECE)
programs using evidence-based Tier 1 instruction with all children,
Tier 2 targeted instruction for children with weak skills, and spe-
cialized Tier 3 interventions for children with special needs (Carta
& Miller-Young, 2019). The present study focuses on a sample of
Head Start children who are both experiencing poverty and scor-
ing below early language and literacy screening benchmarks. MTSS
studies in pre-kindergarten (pre-k) classrooms are feasible and
promising (e.g., Buysse et al., 2016), yet more information is needed
on the intensity of supports children experiencing poverty and chil-
dren from language minority backgrounds require. These profiles
of learners are at elevated risk for longer-term language and liter-
acy difficulties (e.g., Chatterji, 2006; Hoff, 2013; Scheffner Hammer
et al.,, 2014). This study begins to explore which combination of
resources are the most parsimonious, yet effective for improving
language and literacy skills for such learners.

We examine a model that first establishes Tier 1 and 2 sup-
ports in the classroom and then adds two aligned tiers of family
engagement supports called Teaching Together. Poverty often leads
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to limited resources and fewer opportunities for rich language and
literacy interactions (Heidlage et al., 2019; Hoff, 2013; Wasik &
Hindman, 2015). Therefore, we drew on theoretical frameworks
thatrecognized school and home are key microsystems for learning
(Bronfenbrenner & Morris, 2006) when responsive adults guide and
scaffold learning (Vygotsky, 1978). We posited aligned interven-
tions in both school and home are required to close the achievement
gap between preschoolers experiencing poverty and their peers.
The Teaching Together intervention primarily addressed early
language skills alongside a secondary focus on literacy skills, as
these are precursors to later reading comprehension and decoding,
respectively (Dickinson, Golinkoff, & Hirsh-Pasek, 2010; van Kleeck,
2008). Focal skills included three related academic language areas:
(a) understanding sophisticated vocabulary; (b) using inferential
language to articulate ideas beyond the immediate context, such as
inferences about emotions, cognition, or reasoning about causality;
and (c) narrative abilities for articulating a logical series of events or
other forms of extended discourse (Foorman et al., 2016). Focal lit-
eracy skills included: (d) print knowledge and understanding how
print represents spoken language, and (e) phonological awareness
to identify and manipulate sounds in spoken language (National
Early Literacy Panel [NELP], 2008; Whitehurst & Lonigan, 1998).
Both teacher and parent interventions uses multiple adult learning
approaches - sharing information, modeling, prompting, providing
feedback, and guided reflection (cf. Haring Biel et al., 2019).

1.1. Effective Tier 1 and Tier 2 approaches in ECE classrooms

Our classroom intervention was built upon extensive research
demonstrating the effectiveness of interactive shared reading to
support language and literacy skills (Mol, Bus, & de Jong, 2009;
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NELP, 2008), including for children at risk for reading difficulty
(Swanson et al., 2011). Four times per week, all children receive
evidence-based Tier 1 shared reading designed as 20-min lessons.
Three of these lessons taught academic vocabulary (e.g., Neuman
& Dwyer, 2011; Penno, Wilkinson, & Moore, 2002) and supported
inferential level conversations (e.g., Blewitt, Rump, Shealy, & Cook,
2009; van Kleeck, Vander Woude, & Hammett, 2006), but one les-
son embedded explicit references to print within the text (Justice,
Kaderavek, Fan, Sofka, & Hunt, 2009; Justice, Logan, Kaderavek, &
Dynia, 2015). Approximately four children per classroom receive
four 10-min, Tier 2 small-group lessons per week that review
and extend understanding of academic language and vocabulary
(e.g., Pullen, Tuckwiller, Konold, Maynard, & Coyne, 2010; Zucker,
Solari, Landry, & Swank, 2013) or used more hands-on approaches
to increase print knowledge (e.g., Koutsoftas, Harmon, & Gray,
2009; Kruse, Spencer, Olszewski, & Goldstein, 2015). The classroom
teacher delivers these Tier 1 and 2 lessons. This extends a tiered lan-
guage intervention that has shown promise in our past studies by
adding literacy instruction (Zucker et al., 2019).

Classroom Tier 1 rationale. Experimental evidence shows Tier
1 shared reading curricular supplements can effectively support
broad oral language skills (e.g., Lonigan, Allan, & Lerner, 2011;
Wasik & Hindman, 2018) including, academic vocabulary knowl-
edge (Pollard-Durodola et al.,, 2011). Compared to past studies
evaluating a Tier 1 print referencing style of shared reading with
two to four sessions per week, this study used a light dose of
one session per week (Justice et al., 2009, 2015; Justice, McGinty,
Piasta, Kaderavek, & Fan, 2010). Although the present study focuses
exclusively on children struggling with language and literacy and
eligible for Tier 2 supports, we decided to enhance Tier 1 instruc-
tion because the MTSS presumption of high-quality evidence-based
Tier 1 practices is often unmet in preschool (Lonigan & Phillips,
2016).

Classroom Tier 2 rationale. Tier 2 and small-group instructional
settings provide additional opportunities for extended discourse,
allow teachers to better scaffold instruction, and promote review of
concepts (Connor, Morrison, & Slominski, 2006; Coyne, Kame’enui,
Simmons, & Harn, 2004). An increasing number of early child-
hood studies show positive effects of Tier 2 literacy instruction
focused on alphabet skills and phonological awareness (e.g., Coyne
et al., 2004; Koutsoftas et al., 2009; Kruse et al., 2015). A small
number of ECE studies show promise by providing Tier 2 inter-
ventions that reinforce and extend understanding of vocabulary
introduced in Tier 1 (Loftus, Coyne, McCoach, Zipoli, & Pullen,
2010; Pullen et al., 2010; Zucker et al., 2013). Successful pre-k Tier
2 approaches also embed inferential level questions within book
reading to elicit causal reasoning and inferences that go beyond
what is explicitly stated in the text (van den Broek, Kendeou,
Lousberg, & Visser, 2017; van Kleeck et al., 2006; Zucker et al.,
2013).

MTSS approaches provide Tier 2 supports, in part, because many
high-quality Tier 1 pre-k language and literacy interventions pro-
vide less benefit to children with weaker initial skills relative to
their peers (e.g., Cabell, Justice, Piasta, et al., 2011; Penno et al.,
2002; Reese & Cox, 1999). Thus, screening all children at the begin-
ning of the school year to identify children that need more intensive
Tier 2 instruction is recommended practice (Gersten et al., 2008).
However, even amongst students who initially qualify for Tier 2, not
all profit equally from this support. For example, recent research
with elementary students with or at risk for reading difficulties
demonstrate heterogeneity of response even within these samples,
such that children respond differentially depending on their end
of year skill level (e.g., Solari, Denton, Petscher, & Haring, 2018;
Wanzeketal.,2016). Therefore, we explored if the Teaching Together
program showed differential promise for children based on initial
skills and/or end of year skills.

1.2. Effective approaches in ECE family interventions

Many ECE models seek to increase parent’s roles in their child’s
education. For example, the federally-funded Head Start program
requires centers to provide family education activities to sup-
port children’s learning at home (US Department of Health and
Human Services, 2016). Efforts to increase parents’ involvement
from preschool to Grade 12 generally show small, positive aca-
demic effect sizes (ES; Jeynes, 2012; Wilder, 2014). Yet a 2016
meta-analysis with 46 studies of ECE programs (Grindal etal., 2016)
found no benefit of adding family education programs on children’s
outcomes (ES=.01 for vocabulary, literacy) unless it included mod-
eling and parent skill practice (ES range .08-.22) or parent coaching
(ESrange .30-.42).These effect sizes align with other meta-analyses
of programs that specifically coach parents to read interactively
with their child (ES range .51-.65; Mol, Bus, de Jong, & Smeets,
2008; Sénéchal & Young, 2008). More recent studies that combine
classroom intervention and parent coaching report diverse child
impacts that range from mixed literacy effects (d = —.33 to .14) and
null language effects (Landry et al., 2017) to sustained effects into
Grade 2 (reading g =.30-.33; Bierman, Heinrichs, Welsh, Nix, & Gest,
2017). These inconsistent effects call into question long-standing
beliefs that there is value-added when ECE programs provide par-
ent education.

This study considers how to best invest resources for sup-
porting outcomes of children living in poverty using the Teaching
Together tiered family engagement approach. Some existing par-
ent intervention models provide tiers of support such that low
cost approaches (self-study and group education) are offered uni-
versally, whereas individualized parent coaching is reserved for
children demonstrating increased risk (McIntyre & Phaneuf, 2008;
Sanders, Kirby, Tellegen, & Day, 2014). The present study applied
a tiered service model to ECE family services that included both
“parent involvement” and “family engagement” activities (White,
2019). Parent involvement encourages parents to support their
child’s learning and participate in school communications and
events. Family engagement is a process in which educators and
families develop a relationship focused on supporting children’s
success via shared perspectives. All Teaching Together activities
used strength-based and culturally-affirming approaches that can
give power to often marginalized parents to serve as their child’s
first and most important teacher (National Academies of Sciences,
Engineering, and Medicine [NASEM], 2017).

Family Tier 1 rationale. As part of Teaching Together, all families
receive information to promote positive parent—child interactions
and extend the classroom learning at the home. First, group-based,
after-school workshops that were adapted from a library- and
museum-based model (Garibay, 2007) that: (a) uses videotaped
models to explain positive parent strategies, (b) models interactive
shared book reading, and (c) includes opportunities for strategy
practice and feedback at family activity stations. Second, parent
communication includes text messages with developmental infor-
mation and tips for parents to support learning at home (e.g., Cabell,
Zucker, DeCoster, Copp, & Landry, 2019; York, Loeb, & Doss, 2018).
All family engagement activities are designed to be facilitated by
early childhood educators (teacher, social worker) or community
partners (librarians, museum educators). However, in this study,
parent activities were researcher-led to examine promise of the
approach for potential later use in ways that are school-led and
facilitate true parent-teacher partnerships.

Family Tier 2 Basic rationale. To dismantle the effects of pro-
viding basic learning resources versus a more intensive parent
coaching approach, the first randomly assigned Tier 2 condi-
tion simply provided additional resources. Many effective ECE
approaches feature provision of material resources for extending
learning at home in ways that closely aligned with the classroom



138 T.A. Zucker et al. / Early Childhood Research Quarterly 54 (2021) 136-152

curriculum (e.g., Bierman et al., 2017; (Roberts, 2008). For exam-
ple, preschool (Anthony, Williams, Zhang, Landry, & Dunkelberger,
2014) and kindergarten programs (Jordan, Snow, & Porche, 2000)
that provided five group, afterschool family sessions and materi-
als to extend learning at home resulted in small to medium effects
on vocabulary outcomes (ES range .15-.64), but smaller effects on
literacy (ES range .07-.32).

Family Tier 2 Enhanced rationale. The second randomly
assigned Tier 2 condition added parent coaching to other fam-
ily supports. Parent coaching is a well-established intervention
approach for families experiencing poverty and linguistically
diverse families (Heidlage et al., 2019; NASEM, 2017). Coaching
increases positive parent behaviors and a range of child outcomes,
including language and literacy (e.g., Brown & Lee, 2017; Dulay,
Cheung, Reyes, & McBride, 2019; Landry et al.,2012). However, par-
ent coaching is resource intensive, requiring highly trained coaches
and individualized supports that, per session, cost about $200 per
child (Knight et al., 2016) and can impact scalability (Mahoney,
McConnell, Larson, Becklenberg, & Stapel-Wax, 2020). The present
study modified the Tier 3 type of coaching used by this team (Landry
et al.,, 2017) to a less intensive Tier 2 approach with four remote
coaching sessions. Recent parenting interventions, such as Thirty
Million Words (Suskind et al., 2016) or Providence Talks (Wong,
Boben & Thomas, 2018), include two to eight months of parent
coaching visits. Yet, some effective models use less intensive coach-
ing (Bakermans-Kranenburg, Van Ijzendoorn, & Juffer, 2003), such
as the Video Interaction Project (Mendelsohn et al., 2011) to reduce
costs and improve scalability.

1.3. Considerations for dual language learners (DLLs)

Early intervention within MTSS has the potential to support
certain profiles of children such as DLLs who often face broad
risk for later reading disabilities (Catts, Petscher, Schatschneider,
Sittner Bridges, & Mendoza, 2009). Young DLLs who are experienc-
ing poverty may not have had the early experiences to optimally
prepare for learning in pre-k programs (Ballantyne, Sanderman,
& McLaughlin, 2008; Hoff, 2013). More tailored MTSS approaches
could better support DLLs’ unique pre-k learning needs. Linguis-
tically diverse families of children entering preschool need to
understand the value of maintaining their child’s home language
to maintain cultural and linguistic heritage and provide a strong
foundation to learn academic language (NASEM, 2017). The present
intervention encouraged parents to maintain use of the home lan-
guage to reduce unintended first language loss that can occur when
children experience ECE in English. Parents received information
on how informal learning activities in the home language sup-
port school readiness (e.g., Long, 2012; Roberts, 2008). All family
materials were available in English and Spanish, whereas classroom
instruction focused on English.

The present study included a relatively large proportion of
DLLs (about 66%) who unexpectedly spoke diverse home languages
beyond English and Spanish. Although early bilingualismis an asset,
this linguistic diversity presents challenges for educators to meet
the unique needs of DLLs. ECE teachers need PD on classroom prac-
tices that support DLLs’ language and literacy skills such as visual
supports, explicit explanation of vocabulary, and selective use of
the home language (Buysse, Peisner-Feinberg, Paez, Hammer, &
Knowles, 2014; Fitton, Mcllraith, & Wood, 2018). The classroom
curriculumin the present study included multiple supports for DLLs
such as: (a) accompanying new word learning with corresponding
gestures to imagine they were experiencing new words (cf. Adams,
Glenberg, & Restrepo, 2018), (b) scaffolding interactive conversa-
tions about texts read aloud (Fitton et al., 2018), and (c) improving
narrative language skills with story sequencing and retelling activi-

ties thatincluded visuals and props (Rogde, Melby-Lervag, & Lervag,
2016).

1.4. Study purpose & context

The supplemental Teaching Together intervention was iter-
atively developed using multiple earlier phases to ensure the
curriculum was feasible and appealing for users. Thus, this pilot
study used an underpowered, randomized controlled trial to evalu-
ate intervention promise for child outcomes. We screened children
to focus only on a sample of children eligible for Tier 2 based on
state screening measures. Although in authentic MTSS models chil-
dren who receive Tier 1 versus Tier 2 represent different skill levels,
we sought to experimentally contrast the effects of enriched Tier 1
only or added Tier 2 supports for a sample of preschoolers at higher
risk due to Tier 2 eligibility. We designed the study to examine
the effects of increasingly intensive teacher and parent supports
such that children could be randomly assigned to Tier 1 Only or
increasingly intensive interventions including Tier 2 Basic or Tier
2 Enhanced family supports. The components of the three school
plus home interventions are detailed below; all treatment condi-
tions included an aligned parent component rather than a school
only condition.

Our primary research question asked: What are the effects of the
increasingly tailored tiers of school plus home interventions (Tier
1 Only, Tier 2 Basic, Tier 2 Enhanced) contrasted with business-
as-usual (BAU) practice on children’s language skills and literacy
skills? Second, we asked for which children the interventions were
more or less beneficial depending on children’s: (a) DLL status; (b)
initial skill levels; and (c¢) end of year skill level, examining varying
points of the conditional distribution of the outcome. We hypoth-
esized that the intervention program would result in improved
outcomes relative to the other children receiving business-as-
usual instruction. We also expected that each increasing tier and
intensity of school and home supports would be associated with
modest gains relative to BAU practice. We did not have direc-
tional expectations around the second research question but felt
such considerations were important in exploring who might benefit
from this new program.

2. Method

This study occurred in a large, metropolitan area in the south
central region of the United States. It included 33 classrooms from
three Head Start agencies (20 school sites). Pre-k classrooms were
eligible to participate if: (a) instruction was predominantly in
English, and (b) the teacher had not participated in PD projects
offered by the university researchers in the past five years. We
invited 68 classrooms and screened them for eligibility; 24 teachers
declined and 11 teachers were not eligible due to participation in
recent research studies. Thus, a total of 33 classrooms were eligible.
We requested written teacher and parental consents for research
activities but also used a passive consent process, approved by our
local Institutional Review Board (IRB), to allow all children to par-
ticipate in screening tasks.

There were four key steps in the study design that are illustrated
in Fig. 1. First, researchers screened all children in participating
classrooms to identify a high-risk sample. We screened 426 chil-
dren and only 45 children (10.56%) were not eligible because they
scored above the screening criteria. Amongst consented, Tier 2 eli-
gible children, 170 children were allocated in the study design
using random assignment at classroom, child, and family lev-
els. Second, the methodologist randomized classroom clusters to
either: (a) the Teaching Together classroom/family intervention
(n=17 classrooms, 98 focal children); or (b) a waitlist control
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Classroom Conditions

[ Family Subsample (randomly selected)

A. Control: n=72 A. Control: n=27

B. Tier 1 Only Classroom: shared book
reading n=38 (2 to 4 per class)

B. Tier 1 Family: family workshops n=241
attended, but no family assessments

r
Waitlist Control:
J=16; n=72
Screen426 students toonly
enroll Tier2 eligible (T2E) Randomize (R)
students within classrooms classrooms
Treatment:
Exclude 45 students J=17; n=98
scoringabove

C. Tier 2 Classroom: shared book reading

C. Tier 2 Basic Family: family workshops +
materials n=29

+small-group lessons
n=60 (2 to 4 per class)

D. Tier 2 Enhanced Family: family workshops

screening benchmark

+ materials + parent coaching n=31

Fig. 1. Study design.

Table 1

Intervention scope & sequence with additive supports by treatment (Tx) conditions.

Tier 1 Condition

Tier 2 Basic Condition Tier 2 Enhanced Condition

Classroom supports
Whole-Group Lessons Interactive Shared Reading:

90 lessons, 20 minutes each

e Day 1: Language comprehension
e Day 2: Vocabulary and
comprehension

o Day 3: Literacy, print referencing
e Day 4: Text review and retelling
Small-Group Lessons —

Family Supports
Workshops
Text Messages

Six Workshops & Museum Passes
35 Messagese Mondays:
Conversation starters linked to
shared reading

o Thursdays: Activity videos

Materials —

Coaching —

+ Review & Extension Activities: 76
lessons, 10 min eache

Day 1: Review and build
background knowledge

o Day 2: Vocabulary review and
extension activity

e Day 3: Literacy - PA, print and
letter knowledge

o Day 4: Text review and retelling

+34 Messagese

Tuesdays: Tips and strategies for

supporting language

o Wednesdays: Tips and strategies

for supporting literacy

+ Family Materials Kit

o Four books with vocabulary and

question prompts

11 language activities, four literacy

activities

— + Four Parent Coaching Sessions
o Four informational videos and
linked activity manual
o Parent—child video uploade
Coach call to discuss topic of week
and reflect on parent-child
interactions

that implemented business-as-usual classroom/family programs
and received delayed training/materials in the summer (n=16
classrooms, 72 focal children). Consented children scoring below
screening benchmarks were rank-ordered within each classroom
and the lowest-performing four to eight children per classroom
were selected (based on the number of eligible children per class-
room). Third, pairs of lowest rank-ordered children were randomly
assigned within treatment classrooms, to Tier 1 Only Classroom
instruction (n=38), or extra Tier 2 Classroom small-group instruc-
tion (n=60). That is, the Child 1 and 2 pair were randomized to
Tier 1 or Tier 2 within their classroom, followed by paired Child
3 and 4, and so on. Fourth, researchers further randomized fam-
ilies of children assigned to Tier 2 classroom intervention (see
Fig. 1). There were four final family groups: (a) control or business-
as-usual (BAU) family engagement experiences; (b) Tier 1 Family
workshops and universal text messages; (c) Tier 2 Basic Fam-
ily, that added learning materials and targeted text messages to
the workshops; or (d) Tier 2 Enhanced family that added par-
ent coaching/individualized communication to the above supports.

Classroom interventions began before the final fourth step of ran-
domization to Tier 2 family treatment conditions; thus, family
conditions (a)and (b) were created default with the earlier random-
izations, whereas group (c) and (d) were created with an additional
round of randomization. There was no difference between the
classroom experience for Tier 2 Basic and Tier 2 Enhanced groups;
rather, these conditions test added levels of family support while
holding the classroom experience constant, as illustrated in Table 1.
AsshowninFig. 1,amongst the 241 families who participated in the
universal Tier 1 activities, a subsample was selected that included
87 focal families who participated in an additional battery of home
assessments; these families were selected randomly from the con-
trol group (n=27) and represented all of the Tier 2 Basic (n=29)
and the Tier 2 Enhanced families (n=31).

2.1. Selection of child participants

In October and early November 2017, researchers administered
a screener to 426 children using two fluency subtests - rapid
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vocabulary and letter naming - of the CIRCLE Assessment and the
test-developers’ age-based screening benchmarks (Landry et al.,
2014). This represented 78.45% of the 543 children enrolled in
these classrooms, but 100% of children present on assessment days.
Children were eligible for the study if they: (a) demonstrated risk
for later reading difficulties based on scores below predetermined
benchmarks on a screening measure (rapid vocabulary naming
and/or letter naming), (b) were between 3.5 years and 5.0 years
on October 1 of the intervention year, and (c) did not have a signifi-
cant sensory or intellectual disability (although children with mild
disabilities such as language impairment were eligible). No chil-
dren were excluded due to severe disabilities; however 10 enrolled
children had an Individualized Education Plan (IEP) for mild disabil-
ities such as speech/language difficulties or epilepsy. About 77.3%
of parents provided consent for eligible children to participate.

2.2. Classrooms & teacher participants

Classrooms served an average of 18.09 children and most were
staffed by a lead teacher and an assistant (teacher—child ratio of
1:9). Most children were enrolled in full-day programs, but four
classrooms were half-day. Head Start policy at the time of the study
encouraged the use of children’s home languages, allowing for lan-
guage of instruction to be decided based on staff skills and children’s
languages (U.S. Department of Health and Human Services, 2010).
Despite initial recruitment criteria, there was diversity in language
of instruction reported by teachers with 27 classrooms (51.52%)
that provided >90% English instruction, three used 80% English,
and three used about 50% English. Spanish was the most com-
mon secondary language of instruction, but Arabic was used in one
classroom. The lead teacher in participating classrooms was invited
to take part in the study. Table 2 shows demographic characteris-
tics of teachers. All but two teachers had an Associate’s degree or
higher and 41.18% held a state certification for teaching pre-k. Most
teachers were female. Teachers’ reported race/ethnicities were: 19
African American, 10 Hispanic, 4 Asian, and 1 Caucasian (n =2 miss-
ing). As detailed in a participant flowchart in Online Supplemental
Fig. A1 and Table A1, there was a 26.92% attrition rate for teachers,
with a differential attrition rate of 7.7% when comparing treatment
and control groups.

2.3. Child & family participants

All participating children (n=170) and their families met fed-
eral income or risk criteria to qualify for the Head Start program.
Average child age at the start of the study was 4 years, 5
months (range=3 years, 7 months to 5 years, 1 month). Child
gender was about half male. As detailed in Table 3, children
were racially and ethnically diverse — mostly Hispanic/Hispanic
White or Black/African American. Parents reported diverse home
languages spoken to these children: 30.00% spoke English only,
18.82% spoke Spanish only, 34.71% bilingual English and Span-
ish, 11.18% bilingual in English and another home language
besides Spanish, and 1.76% only spoke another language at home
(beyond English/Spanish). Children were considered DLLs if parents
reported any language other than or in addition to English was spo-
ken at home. Most primary caregivers indicated some college but
no degree or high school as their highest level of education. The
majority of families who reported their household income (75.88%
of sample) earned at or below $11,000. As detailed in Online Sup-
plemental Fig. A1 and Table A1, the overall attrition rate for child
participants was 4.09%. There was less child- than classroom-level
attrition because most teachers withdrew early and before the
pretesting period.

Focal family subsample. The subsample of 87 focal families
participated in an additional battery of home assessments that are

reported elsewhere (Zucker et al., 2019). Due to limited resources,
this subsample (shown in Fig. 1) represents all parent—child dyads
in the Tier 2 Basic and Tier 2 Enhanced groups and a random
selection of about 37% of the control group. None of the Tier 1
families completed home assessments. Table 3 provides details on
background characteristics of this subsample. The focal, primary
caregivers who participated were 93.02% mothers, 4.65% fathers,
and 2.33% grandparents/great-grandparents. Similar to the full
sample, families reported diverse home languages: 27.59% spoke
English only, 18.39% spoke Spanish only, 39.08% bilingual English
and Spanish, and 14.94% bilingual in English and another home lan-
guage (i.e., Oromo, Arabic, Urdu, Kachin, Amharic, Ibo, Twi, Creole).
Almost half (47.13%) of these caregivers reported a high school
as their highest educational award. Most focal families reported
annual household income at or below $30,000.

2.4. Data collection

This study occurred in the 2017-18 school year with screening in
October through mid-November. In November and early December,
children completed pretest language and literacy assessments.
Posttest occurred in mid-April to early May 2018. Due to limited
pilot study resources, one child measure (narrative) was adminis-
tered only at post-test. Trained data collectors administered child
assessments in a quiet location within the school using a counter-
balanced order. Only 40% of assessors were blind to study condition
due to limited resources; for example, some assessors were also
family coaches, but they were not permitted to assess in schools
where they had coached. Assessment staff were required to demon-
strate >95% accuracy in administration and scoring procedures
before testing at pretest and again at post-test.

2.5. Child proximal measures

Inferential comprehension. To estimate children’s ability to
understand complex language, children listened to a passage and
answered questions that required inferencing. The Inference Making
Task (Cain & Oakhill, 1999; Oakhill & Cain, 2012) assesses children’s
ability to make text integration inferences (requires connection
between two separate premises in the text) and gap filling infer-
ences (require integration of background knowledge to fill in gaps
in the text). Children listened to a practice story, followed by a
test story about a surprise party, and then answered eight ques-
tions. Responses were scored as incorrect (0), partially correct (1),
of fully correct (2). In past studies, the pre-k version demonstrated
good test-retest reliability scores (r=.63) and concurrent validity
scores with other listening comprehension measures (r=.61-.72;
Language and Reading Research Consortium [LAARC] & Muijselaar,
2018).

Taught vocabulary. Children’s understanding of words within
intervention texts was assessed with a researcher-developed mea-
sure called the Teaching Together Taught Vocabulary test (TT
Taught). After two practice items with feedback, the computer-
ized task names a word and asks the child to point to the best
photo representing the word amongst two foils. For example,
the correct picture for the word “conversation” shows two adults
talking, whereas the foils show two adults watching television
silently or two adults working in a garden but not talking. The
screening/pretest version included 10 items to reduce testing time
amongst the full sample of 426 children, but the post-test version
added 18 additional taught words items. Internal consistency of the
measure was poor for this sample at pretest (Cronbach’s alpha=.36)
but the reliability score improved somewhat (alpha=.56) when we
added the posttest only items. Words assessed with the TT Taught
measure included sophisticated, academic vocabulary, such as shel-
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Table 2
Teacher demographics (N=34).
Control Intervention Total
(BAU) (TT) n %
Race/ethnicity
Black/African American 9 10 19 55.88
Asian 2 2 4 11.76
Hispanic 3 2 5 14.71
Hispanic White 2 3 5 14.71
White/Caucasian 0 1 1 2.94
Highest level of education
High school diploma or equivalent 0 1 1 2.94
Some college but no degree 0 1 1 2.94
AAJAS2 year degree 2 6 8 23.53
Bachelor’s degree 8 7 15 4412
At least one year of course work beyond Bachelor’s degree 2 1 3 8.82
Master’s Degree 4 2 6 17.65
Doctoral Degree 0 0 0 0.00
Years of experience with pre-k
0 years 0 1 1 2.94
1 year 0 0 0 0.00
2 years 1 1 2 5.88
3-4 years 4 3 7 20.59
5-10 years 5 6 11 32.35
11+years 5 7 12 35.29
No response 1 0 1 2.94
State certification for teaching pre-k
Yes 5 9 14 41.18
No 11 9 20 58.82
Note. BAU = Business as Usual control condition. TT =Teaching Together intervention condition.
Table 3
Child demographics.
Full sample (N=170) Family subsample (N=87)
BAU TT n % BAU TT Basic TT Enh? n %
Gender
Female 39 45 84 49.41 15 13 11 39 44.83
Male 33 53 86 50.59 12 16 20 48 55.17
Race/Ethnicity
Hispanic/Hispanic White 31 57 88 51.76 9 15 19 43 49.43
Black/African American 27 27 54 31.76 13 8 9 30 34.48
Mixed 5 5 10 5.88 2 2 2 6 6.90
Asian 2 4 6 3.53 1 3 0 4 4.60
White/Caucasian 1 3 4 235 1 1 1 3 345
No Response 6 2 8 4.71 1 0 0 1 1.15
Home Languages Spoken®
English only 21 30 51 30.00 9 7 8 24 27.59
Spanish only 15 17 32 18.82 5 5 6 16 18.39
Bilingual English/Spanish 21 38 59 34.71 7 13 14 34 39.08
Bilingual English/Other 11 8 19 11.18 6 4 3 13 14.94
Other only 1 2 3 1.76 0 0 0 0.00
No Response 3 3 6 3.53 0 0 0 0 0.00
Caregiver’s Education®
Eighth grade or less 14 11 25 14.71 7 4 4 15 17.24
Some high school? 4 8 12 7.06 2 1 3 6 6.90
High school diploma/GED 10 22 32 18.82 3 5 8 16 18.39
Diploma/GED & technical training certificate 5 7 12 7.06 0 2 2 4 4.60
Some college, no degree 15 21 36 21.18 9 5 7 21 24.14
Associate’s, Bachelor’s, or Master’s Degree 8 6 14 8.24 1 3 2 6 6.90
No Response 16 23 39 22.94 5 9 5 19 21.84
Yearly Family Income
$11,000 or less 24 31 55 3235 8 11 9 28 32.18
$11,001-$20,000 18 21 39 22.94 3 2 9 14 16.09
$20,001-$30,000 6 14 20 11.76 5 4 5 14 16.09
$30,001 or more 6 9 15 8.82 3 1 5 9 10.34
No response 18 23 41 24.12 8 11 3 22 25.29

Note. BAU =Business as usual condition. TT =Teaching Together conditions.
2 Teaching Teaching Enhanced.
b Languages Spoken at Home.
¢ Primary Caregiver’s Highest Level of Education.
d Some high school, no diploma.
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ter, disappointed, or gather (all words are shown in Online Appendix
Table A2).

Alphabet knowledge. The Rapid Letter Naming (RLN) subtest
of the CIRCLE Assessment (Landry et al., 2014) was both a screener
and outcome measure. This computer-administered task presents
a series of upper- and lower-case letters for children to identify as
many as possible in 60s. If a child does not respond in 3 s, a new
letter appears.

2.6. Child distal measures

Orallanguage. Children’s broad, receptive vocabulary was mea-
sured with the Peabody Picture Vocabulary Test — Fourth Edition
(PPVT-IV; Dunn & Dunn, 2007) Form A. Children identify the pic-
ture of a target word given four possible choices. The PPVT-IV has
internal consistency of .94 and test retest reliability of .92. Oral
language skills were measured using three subtests from the Clini-
cal Evaluation of Language Fundamentals Preschool-2 (CELF-P2; Wiig,
Secord, & Semel, 2006). First, the Sentence Structure (CELF-SS) sub-
test measures children’s ability to understand spoken sentences
of increasing complexity, including prepositional phrases, verb
tense, and relative clauses. The Word Structure (CELF-WS) subtest
measures children’s ability to apply morphological rules to mark
inflections and derivations and to use subjective, objective and
reflexive pronouns. The Expressive Vocabulary (CELF-EV) subtest
measures children’s ability to label pictures of objects and actions.
These subtests internal consistency coefficient alphas are: SS=.78,
WS =.83, and EV=.82.

Narrative language. At posttest only, children’s ability to retell
simple narratives was assessed with two passages from the Narra-
tive Language Measures: Preschool (NLM; Petersen & Spencer, 2012).
Children listened to two short stories from the NLM Spring Bench-
mark Protocol - the first about a character who drops his ice cream
and the second about a character who fell while roller skating. Each
of children’s two retellings were scored in real-time for: (a) story
grammar elements present in the child’s retelling (14 points); (b)
episodes retold (5 points); (c) language complexity including use
of sequential and causal terms (i.e., then, because, when, after; 9
points), and (d) presence of less common vocabulary in the retelling
(e.g., avoided, toppled; 6 points). Before administering this task,
examiners demonstrated >85% agreement in scoring a set of three
recorded retellings. All retellings were videotaped and a subsample
of 20% were scored later by a second examiner; average inter-rater
reliability was 86.31% in this sample.

Print knowledge. Children’s literacy skills were assessed with
the Print Knowledge subtest of the Test of Preschool Early Liter-
acy (TOPEL; Lonigan, Wagner, Torgesen, & Rashotte, 2007). This
36 item subtest measures letter discrimination, word discrimina-
tion, letter-name identification, and letter sound identification. The
internal consistency for the Print Knowledge subtest of the TOPEL
is .95, test retest reliability is .89 and inter-rater agreement is .96.

Classroom intervention. The classroom-based supplemental
curriculum included 23 one-week units used from November to
May of the school year. Teachers attended three trainings (7 h each).
The first training in early November explained how to use Tier 1
lessons. The second training in late November explained how to
use the Tier 2 lessons with four children randomly selected by the
researchers. In January, teachers attended a booster training that
addressed scaffolding children’ linguistic productions, supports
for DLLs, and components that fall fidelity observations indicated
were inconsistently implemented as designed (see Fidelity sec-
tion below). Of the 17 randomized Teaching Together teachers, 11
teachers (64.71%) attended all three trainings. Lessons were orga-
nized into one-week thematic units each consisting of four Tier 1
and four Tier 2 lessons. Units addressed social-emotional themes
from 17 narrative texts and science themes from six informational

texts. The program embedded most instructional targets on stick-
ers placed at the point of use within the text itself or on the back
of instructional materials (e.g., picture cards). These softly scripted,
lessons included three meaning-related lessons per week and one
code-related lesson per week. Table 1 shows the routine sequence
of activities and supports; note how this reflects an additive con-
ditions that increase supports in the classroom and home across
tiers. Classroom materials cost an estimated $1100 per classroom.

Tier 1 classroom shared reading. Whole-class interactive book
reading lessons occurred four times per week and were designed
to take 20 min (90 lessons, total estimate: 1840 min). The four-
day Tier 1 lesson sequence comprised: (1) activating background
knowledge before reading and asking mostly literal comprehension
questions during book reading; (2) teaching academic vocabulary
words before reading, asking inferential questions during reading,
and challenging children after reading to fill their class “word bank”
by using vocabulary in other school/home contexts; (3) referenc-
ing print during reading, followed by shared writing after reading;
and (4) eliciting children’s oral retellings or responses to the text
as a culminating activity. After the first lesson, a short 1-2 min
phonological awareness (PA) activity used movement or songs to
teach sounds in language; this ring of PA activities could be used
repeatedly as a transition to small-group time. The Tier 1 curricu-
lum targets are detailed in Online Appendix Fig. A2 and in total
included: (a) 66 “big questions” or inferential questions previewed
before reading and answered after reading; (b) 181 in-text compre-
hension questions moving from literal to inferential levels across
readings; (c) 117 taught vocabulary words; (d) 111 print references
addressing four domains - print meaning, book and organization,
letters, and words; (d) 22 review or narrative retelling activities;
and (f) 14 PA transition activities.

Tier 2 classroom small-group. The small-group Tier 2 lessons
were provided to the subsample of four selected children per class-
room. These 10-min lessons occurred four times per week with the
lead teacher while other children worked in independent activi-
ties or with an assistant teacher. Tier 2 lessons were designed to
take 10 min per lesson and were delivered later that day based on
each classroom’s schedule. Most teachers conducted Tier 1 in the
morning and Tier 2 in late morning or after lunch. Tier 2 lessons
began in Unit 5 for a total of 19 weeks (76 lessons, total estimate:
760 min; see Online Fig. A3 details). The 4-day lesson sequence
included: (1) reviewing the background knowledge activity and
the text; (2) reviewing vocabulary cards and introducing a new
vocabulary extension activity focused on a high-mileage word; (3)
singing songs about letters or PA; and (4) responding to the text
with drawing and dictation/writing or playful retellings. The Tier
2 instruction reviewed many Tier 1 activities presented earlier in
that day’s Tier 1 lesson with adjustments to simplify and scaffold
learning of that content. For example, 22 vocabulary extensions
sought to breakdown previously taught words using graphic orga-
nizers, visual aids, and more explicit instruction. For literacy, 22
print and letter knowledge activities were unique to small- group
lessons and included more hands-on manipulatives and explicit
instruction than the Tier 1 approaches.

Classroom coaching supports. Coaches co-facilitated PD train-
ings with the lead author. During implementation, coaches
completed classroom coaching visits and emailed 11 model-
ing videos to teachers on new instructional approaches as they
occurred in the curriculum. Teacher coaching began in November
and ended in March with a minimum of four coaching sessions
per teacher and up to six sessions for teachers who needed addi-
tional support (M =5.35 sessions per teacher, SD = 1.88). There were
three female coaches who coached four to six teachers each. All
coaches were curriculum experts who contributed to writing the
intervention in earlier development phases. In terms of coaches’
backgrounds, two coaches held master’s degrees and one held a
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bachelor’s degree in education and related fields. Coaches used
a technical coaching approach (Denton & Hasbrouck, 2009); the
goal of technical coaching is to help teachers use new instructional
practices and implement curriculum with fidelity (cf. Landry et al.,
2017).

Coaches followed a set protocol and logged activities during
classroom visits; about 75% of coaches’ time was spent observ-
ing lessons, providing feedback, and answering teacher questions.
During initial coaching visits (and longer for teachers needing sup-
port), coaches also modeled lessons or prompted teachers to use
each lesson step. At the end of coaching sessions, a brief reflection
conversation occurred and a written report was given to teachers
summarizing the lesson steps implemented (or skipped). This also
recorded areas identified as improvement goals.

2.7. Family Intervention

Family sessions were scheduled according to school and par-
ent availability between November and April of the school year.
To reduce costs, Tier 2 Enhanced families were split randomly into
two repeated implementation waves of coaching. Wave 1 occurred
December-January; wave 2 occurred in February-March. Tier 1
family workshop materials cost an estimated $1500 per facilita-
tor, including consumable materials for about five schools. The
Tier 2 family print materials, books and home activities cost an
estimated $35-$45 per family. Text message costs follow a tiered
pricing model based on number of schools using the service; the
estimated costs were about $100 per school ($1750 total for all 17
intervention schools).

Tier 1 parent-child workshops. All families with children
enrolled in treatment classrooms were invited to approximately
monthly after-school workshops on these topics: (1) Building
Trust and Cooperation, (2) Talking is Teaching, (3) Making Books
Come Alive, (4) Playing with Letters and Sounds, (5) Building Your
Child’s Vocabulary, and (6) Writing Together. The workshops were
developed in partnership with the local children’s museum and
advertised to families by teachers and research staff through the
use of flyers sent home in children’ backpacks or given directly to
parents. Each 60-min workshop included three components: (a) a
2-min video and discussion of two strategies to support early lan-
guage and literacy skills, (b) an interactive shared reading session
led by the workshop facilitator, and (c) four or five hands-on activ-
ity stations where parents and children applied the focal strategies
with facilitator support. Parents received an informational handout
on the strategies and a family museum pass to encourage informal
learning with activities and exhibits designed to promote language
and literacy. Bilingual workshop facilitators were trained in a 7-h
session by the lead author and a museum parenting expert. After
this training, facilitators completed role-play with feedback from
the museum expert. The four female facilitators all had a bachelor’s
degree or higher and were fluent in English and Spanish; they had
one to eight years of past experience providing interventions to
parents. Each facilitator served an average of four schools. Most
workshops occurred in English with Spanish subtitles in videos
and bilingual handouts; however, in schools with high numbers
of Spanish-speaking families a bilingual approach was used.

Tier 1 text messages. For 15 weeks of the school program, all
parents in intervention classrooms were invited to receive two SMS
text messages per week with information about how to support
their child’s school learning. Parents could sign up for text mes-
sages via a form sent by the child’s teacher or at the workshops. The
first text message was sent on Mondays and explained what book
teachers were reading and provided conversation starters to extend
learning at home. The second text message was sent on Thursdays
and featured short videos (English/Spanish) designed to show fam-
ilies how to find learning moments in day-to-day activities. These

modeling videos were developed by a commercial partner that pro-
vides mobile technology to support family engagement. Sample
texts are in Online Fig. A3.

Tier 2 Basic parent resources. Families assigned to the Tier 2
Basic group received a phone call from research staff explaining
they were eligible to receive books and materials to support their
child’slanguage and literacy learning at home. Parents were offered
materials in English or bilingual English/Spanish, according to their
preference. Through “backpack mail” from the child’s teacher, par-
ents were given a set of materials including: (a) four books that
included questions and vocabulary to discuss that mirrored class-
room instruction with the same titles; (b) an alphabet mat with
plastic letters and three letter activity instructions; (c) a ring of
conversation starter prompts for use at mealtime or during wait
times; (d) an activity to support emotion understanding; and (e)
finger puppet materials to retell a provided book.

Tier 2 Enhanced parent coaching. Families assigned to the
Tier 2 Enhanced group received a phone call from research staff
explaining they were eligible for four, one-on-one coaching ses-
sions along with the set of books and materials described above.
Coaching sessions were provided by the same four workshop facil-
itators; thus, some families had already made personal connections
with these coaches. Each coach served 4-14 families. Coaching ses-
sions occurred in a four-week period (range 3-5 weeks). The first
coaching session occurred in the family’s home and the remaining
sessions were facilitated remotely via phone call.

At the first session, the participating parent/caregiver received
(a) a loaned iPad that included a series of four instructional videos
(10 min each) that explained strategies to support their child’s
language and literacy skills including modeling videos that exem-
plified each strategy; (b) a bilingual family manual that further
detailed caregiver strategies and included a list of activities that
could support learning; (c) a schedule for viewing the video con-
tent and videotaping the parent-child dyad applying the strategies
during a short home activity; and (d) instructions for securely shar-
ing the video with their coach and a reflection sheet the parent to
complete before their coaching call. Each coaching cycle include: (1)
a training video that shares information and models strategies par-
ents use to support their child’s learning; (2) practicing strategies
while video recording a short parent-child interaction as well as
during provided activities; (3) discussing the video with their coach
as a basis for self-reflection with oral support from their coach. The
coaching sessions addressed similar topics as the workshops but
with greater depth of content: (1) Building Trust and Cooperation,
(2) Talking is Teaching, (3) Making Books Come Alive, and (4) Play-
ing with Letters and Sounds. The first in-home coaching session
required an average of 1 hour, 48 min. The remaining phone ses-
sions required an average of 24 min each (Range=15-30min) to
discuss that week’s topic, check-in on specific interactions the par-
ent and child had during the week to support language and literacy,
and to review ways the parent supported his/her child’s learning
in the videos uploaded that week. Before the call, coaches noted
specific moments from the uploaded video; on the call, they pro-
vided praise or positive feedback and asked parents questions to
encourage reflection.

Tier 2 text messages. For up to 15 weeks, parents of children
selected for Tier 2 basic and enhanced groups were invited to
receive two additional SMS text messages per week about how
to support their child’s school learning; Tier 2 text messages were
identical across these two conditions. Parents could sign up for text
messages during their first coaching session or via a form sent by
the child’s teacher. Tier 2 families received additional texts on Tues-
days and Wednesdays. These included specific things for parents to
say and do with their child such as, “As you read a book ask your
child, ‘What does this make you think about?’ It's better to focus
on what your child is interested in than finishing a whole book in
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one sitting.” or “Have fun hunting for letters your child knows! At
the grocery store, say ‘Look for letters you know!™ Text messages
were adapted from our prior work (Cabell et al., 2019).

2.8. Description of business-as-usual condition

Across conditions, all teachers reported using a commercial
curriculum as their core curriculum with 75.76% naming Frog
Street Pre-K as their core curriculum and 15.15% using the Cre-
ative Curriculum Preschool. At pretest, we surveyed teachers on
their classroom instructional activities and curricular focus using
a set of 17 items adapted from the Early Childhood Longitudinal
Study-Kindergarten Spring Teacher Questionnaire (1999). Ques-
tions used 5-pointrating (0-never to 4-three or four times per week)
and asked how often do children in your class do: (a) code-related
activities (six items), such as work on learning the names of letters,
or (b) 11 meaning-related activities, such as retelling stories read
aloud. In general, teachers reported providing greater exposure
to code-related activities (M =3.42) than meaning-related activi-
ties (M =2.69) at baseline, t(32)=7.83, p <.001. Differences between
conditions were not significant for exposure to code-related activ-
ities [t(30)=.73, p=.47] or meaning-related activities [t(30)=.73,
p=.47]. Given that Head Start prioritizes family engagement, in
February, we surveyed all teachers and families on their school’s
provision of learning and volunteer opportunities for families. We
adapted a Head Start Family Engagement questionnaire survey (Zill
et al., 2000). This included 12 items assessing the quantity of fam-
ily opportunities offered this school year (0 times, 1 time, ..., 4
or more times) and 10 items assessing the quality of these offer-
ings on a 3-point rating scale (1-does not do it all, 2-does it okay,
3-does it very well). These data showed a large number of par-
ent education opportunities at all schools with an average of 31.57
(SD=8.81) parent engagement opportunities in BAU schools and
26.00 (SD=8.18) in schools in the Teaching Together group. These
group differences were not significant, t(26)=—1.73, p=.095. Most
teachers rated these family engagement opportunities as moderate
to high quality [BAU M =2.80,SD =.16; Intervention groups M = 2.45,
SD =.48]. Teachers rated the quality significantly higher in the BAU
condition, t(15.93)=-2.59, p=.021.

2.9. Implementation fidelity

From a design perspective within this pilot study, we set a min-
imum threshold of 75% implementation, representing moderate
high implementation (cf. Hill & Erickson, 2019). The Online Sup-
plementary Tables A3-A4 (pp. 12-13) detail fidelity monitoring
methods and results.

Classroom implementation. We collected dosage and adher-
ence data to understand classroom intervention delivery. Key
findings were that teachers reported delivering an average dosage
0f 79.05% of the 91 whole-group lessons and 66.14% of the 76 small-
group lessons monitored. Teachers’ adherence to implementing
lesson steps in small group (82.81%) was slightly higher than whole
group (77.12%).

Family implementation. To monitor fidelity of delivering the
family intervention, we collected: (a) attendance data for fam-
ily workshops, (b) parents’ receipt of text messages, and (c)
engagement with the individualized coaching sessions. Average
attendance at the six workshops did not noticeably differ by
treatment groups, but was well below our minimum thresh-
old: Tier 1M=1.68 (SD=1.56), Tier 2 Basic M=1.41 (SD=1.43),
Tier 2 Enhanced M=1.57 (SD=1.22). For the parent text mes-
sages, 79.38-84.65% of messages of messages were delivered, but
only 24.96% of modeling video links were clicked. Tier 2 families
reported using the eight home activities/books an average of only
2.50-2.75 times (SD=1.26).

For the Tier 2 Enhanced families offered four coaching ses-
sions, >80% of families completed some coaching, but five families
declined. Parents’ adherence to the coaching components was
84.65% and their engagement during coaching calls was high.

Researcher implementation. We also monitored the research
staff's delivery of the intervention. This was high for all compo-
nents, ranging from 87.30% to 94.39% adherence.

Fidelity interpretation. In sum, participants’ average imple-
mentation of the intervention met our design criteria (>75%)
for the classroom curriculum implementation. Yet, we observed
moderate-low implementation of literacy components signaled the
need for classroom literacy revisions before future implementa-
tion. Over 80% of parents participated in some coaching and with
good adherence and engagement levels, signaling feasibility. Yet
other family components required revision because parents only
attended about a quarter of the intended workshops and opened
25% of text messages with modeling videos.

2.10. Data analytic plan

Primary analyses used linear mixed methods models (i.e., mul-
tilevel models; LMM) to examine main effects of the intervention
on proximal and distal outcome variables, followed by exploratory
moderator models to examine potential interactive effects of the
intervention moderated by baseline performance or DLL status.
Finally, exploratory analyses via linear quantile mixed methods
models (i.e., multilevel quantile models; LQMM) tested the extent
towhich the impact on the selected outcomes varied across the con-
ditional distribution of the outcome variables themselves. LMM and
LQMM were both used to account for the nested nature of the data
such that variance in the selected outcomes could be decomposed
and attributed to group-level (i.e., classroom) and individual-level
(i.e., children) clustering. Subsequently, the standard errors for
the individual predictors of the model are appropriately estimated
account for the clustering of children in classrooms.

Linear mixed models (LMM). Proximal outcomes on which
we tested for effects included the Inferential comprehension, TT
Taught, and RLN assessments, and the distal outcomes included
the PPVT, CELF-EV, CELF-SS, CELF-WS, NLM, and TOPEL. For each
of these outcomes, the respective baseline pretest measure, race,
DLL status, age, and sex were included as covariates in order to
increase power. Following the test of primary impacts, modera-
tor analyses tested whether the level of intervention impact was
separately dependent on either DLL status or initial pretest per-
formance. The nature of the study design was an underpowered
efficacy trial, thus, to account for the increased number of partici-
pants required to detect significant interaction effects, a p-value of
.10 was used to determine significance whether any moderated
effects should be probed for simple slope differences. The Ime4
package in R (Bates, Maechler, Bolker, & Walker, 2015) was used
to estimate all main effect and moderator LMMs, which helped us
address research questions 1a and 1b, as well as 2a and 2b.

Linear quantile mixed models (LQMM). The models estimated
with LMM estimate the mean effect of intervention on the outcome;
however, it is plausible that the average treatment effect may mask
the fact that the impact was more localized at a point of the condi-
tional distribution of the outcome that was not the mean (Koenker
& Bassett, 1978; Petscher, 2016). Like other studies with hetero-
geneous effects for children with or at risk for reading difficulties
(Solarietal., 2018; Wanzek et al., 2016), it is possible that the effect
of the different intensities of intervention may be larger at the lower
end of the conditional distribution of the dependent variable com-
pared to the higher end, or vice versa. Quantile regression examines
the effects at different points of the conditional distribution of the
outcome variable other than just the conditional mean as in LMMs.
Quantile regression does not split the sample into multiple groups
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Table 4
Correlations, means, and standard deviations of included variables.
Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
1. InfPost
2. TTPost 57
3. RLNPost 20 A5
4.PPVTPost 74 60 31
5. CELF-EV Post 70 52 23 76
6. CELF-SSPost 65 43 22 6 58
7. CELF-WSPost 74 56 24 72 5 61
8. NarrativePost 4730 23 40 40 42 43
9. TOPELPost 38 31 77 49 34 40 39 35
10. InfPre 1 44 15 65 .68 61 .68 47 31
11. TTPre 34 32 23 4 4 26 38 A8 35
12. RLNPre 20 24 .66 30 27 .26 29 13 57 24
13. PPVTPre 72 54 26 84 81 65 75 44 37 36 37
14. CELF-EVPre 67 47 A2 70 .86 54 T3 45 26 37 20 77
15. CELF-SSPre .56 40 23 59 .56 59 .61 35 36 33 28 60 54
16.CELF-WSPre .67 .59 24 .72 70 55 80 43 .42 42 3135 30 59
17. TOPELPre 32 32 .66 44 35 41 41 23 69 20 81 46 31 36 40
18. Race 24 A8 21 29 37 21 35 24 21 07 22 35 41 21 28 29
19.DLL -17 -04 20 -13 =25 -04 -22 -09 15 .03 26 -16 =27 -02 =27 20 -12
20. Age 32 22 35 37 31 29 27 27 35 30 31 32 25 27 33 32 .06 13
21. Sex -16 -03 -02 .00 .05 -13 =11 -14 =05 01 .04 .00 -01 .02 -06 .06 -07 17 .00
22. Tierl N T R Y N R R ) 07 -02 03 1 -09 .05 -06 -03 -13 05  -04
23. Tier2B § -13 -07 -09 =11 =11 =12 =11 -05 =09 - 11 -08 -16 -06 -03 -19 -15 01 .05 -03 .04 -24
24, Tier2E L7 a5 .11 05 0L -0l 08 08 _-08 | . 04 =05 .0 05 14 I3 05 -09 01 2 .3 25 .21
Mean 2.14 14.16 16.53  60.47 11.86 1022 7.2 765 2012 132 937 626 4945 830 748 518 127 2.88 82 53.35 1.51 22 17 18
SD 1.75 3.88 1242 20.01 7.38 4.11 502 424 10.57 138 277 842 19.00 6.18 4.3 43 9.59 218 .65 4.49 .50 42 38 39
SKEW 71 020 64 00 43 -20 .56 06 -18 117 -04 195 06 .51 30 90 73 52 18  -09 -05 133 175 165
KURT 272 320 278 2.64 234 234 232 263 1.69 3.77 2.7 6.11 2.7 233 224 315 240 176 2.34 2.14 1.00 276 4.07 37
% Missing 05 03 03 05 05 05 05 03 05 Ol 0l .00 04 00 00 0l 00 04 04 00 00 00 00 .00

Note. InfPost = Inferential posttest; TTPost = Teaching Together taught posttest; RLNPost = Rapid letter naming posttest;

PPVTPost = Peabody picture vocabulary test posttest;

CELF-EV Post = Clinical Evaluation of Language Fundamentals-Expressive vocabulary posttest; CELF-SSPost = Clinical Evaluation of Language Fundamentals-Sentence structure
posttest; CELF-WSPost = Clinical Evaluation of Language Fundamentals-Word structure posttest; NarrativePost = Narrative Language Measures posttest; TOPELPost = Test of
preschool early literacy-Print Knowledge posttest; Inferential pretest; TTPre = Teaching Together taught pretest; RLNPre = Rapid letter naming pretest; PPVTPre = Peabody
picture vocabulary test pretest; CELF-EV Pre = Clinical Evaluation of Language Fundamentals-Expressive vocabulary pretest; CELF-SSPre = Clinical Evaluation of Language
Fundamentals-Sentence structure pretest; CELF-WSPre = Clinical Evaluation of Language Fundamentals-Word structure pretest; TOPELPre = Test of Preschool Early Literacy-
Print Knowledge pretest; DLL = Dual language learner status; Sex=Female(1), Male(2); Tier1 =Tier 1 intervention; Tier2B =Tier 2B intervention; Tier2E =Tier 2E intervention;

SKEW = Skewness; KURT = Kurtosis.

All statistically significant correlations are bolded. Relations between interventions and posttest in dashed box.

r>.16 or <—.16 (sig. at p<.05). r>.20 or <—.20 (sig. at p<.01).

(e.g., quartiles, quintiles, deciles) but rather uses the full sample.
Just as conditional mean models - like multiple regression, multi-
level models, and structural equation models - use the full sample
of data but results are estimated based on the conditional mean
of the dependent variable given the independent variables (i.e., all
data points are used, not just those at the conditional mean), so too
does quantile regression use the full sample of data but provides
estimates based on other conditional points of the dependent vari-
able given the independent variable. In this way we were able to
test for effects specified in research question 2c. The LQMM package
developed in R (Geraci, 2014) leverages the advantages of quan-
tile regression while also partitioning the variance into group and
individual level variance similar to LMM.

3. Results
3.1. Descriptive statistics

Values for descriptive statistics, correlation coefficients, normal-
ity, and data missingness are listed in Table 4. For the inferential
listening comprehension measure with a maximum score 16
points, means are very low at both at pretest (M =1.32) and posttest
(M=2.14). On the proximal Teaching Together vocabulary task,
children only identified about half of the 28 presented words
(M=14.16) at posttest. The pretest literacy means (M =6.26) show
children scored below expected screening benchmarks (raw scores
below 10) on RLN, but made gains by posttest (M=16.53). None
of the values indicated departures from normality for skewness
(<+£2) or kurtosis (<+7) suggested by Curran, West, and Finch
(1996). Missing data ranged from 0% to 5%; no variable had sub-
stantial missing values. Little’s test of data missing completely
at random (MCAR) resulted in a fail-to-reject, x%(111)=103.03,
p=.692 indicating that full information maximum likelihood, as
used in this study, was appropriate in our estimation. Of the rela-
tions between levels of the intervention (i.e., Tier 1, Tier 2 Basic, Tier
2 Enhanced) and the outcome measures (indicated by the dashed
box in Table 4, only the Inferential comprehension post-test was

significantly related to the Tier 2 Enhanced (r=.17, p<.05). Finally,
of the nine outcome variables, the covariates child race and age
were significantly related to all nine, DLL status was related to four
(three negatively r's=—.17 to —.25), and sex was related to one
variable.

3.2. Baseline differences

Baseline mean and standard deviations for treatment groups are
in Table 5. Independent sample t-tests were performed to deter-
mine if any group differences existed prior to receiving treatment.
For the Tier 2 Basic group, results indicated a statistically signifi-
cant difference between the PPVT treatment (M =42.71,SD=17.23)
and the BAU group (M=49.87, SD=16.63), t(162)=-2.08, p<.05,
Hedge’s g=—.42), and the CELF-WS treatment (M =3.41, SD=3.65)
and BAU group (M=5.18, SD=3.92, t(167)=-2.47, p<.05, Hedge’s
g=-.46). The remaining measures indicated no significant differ-
ences at baseline; however, some other non-significant, small to
moderate baseline differences were observed (e.g., g=—.49 Tier 2
Basic lower vs. BAU on TOPEL PK; g=.33 Tier 2 Enhanced higher vs.
BAU on CELF-SS).

We recognize that the lack of baseline equivalence (i.e., g>.25)
introduces levels of bias in the estimation of treatment effects and
would not let this study meet a group design standard (What Works
Clearinghouse, 2019). Because this study is a preliminary design
and pilot testing study, we opted to use a residualized gain score as
our outcome to understand group differences. 3.65) and BAU group
(M=5.18, SD=3.92, t(167)=—-2.47, p<.05, Hedge's g=—.46). The
remaining measures indicated no significant differences at base-
line.

3.3. Research Question 1: What are the Effects of Increasing Tiers
of School & Home Interventions Relative to the Control Condition?

Linear mixed model (LMM). LMMs were performed for three
models, with the results of the random effect variance due to class-
room level factors listed in Supplementary Table A5. The portion of
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Table 5
Baseline mean and SD for individual intervention groups for each baseline measure.

Tier 1 Tier 2 Basic Tier 2 Enhanced

Mrx SDrx Mgau SDgau g Mrx SD1x Mgau SDgau g Mrx SD1x Mgau SDgau g
Baseline
Inferential 1.20 1.28 1.26 1.31 0.05 1.29 1.58 1.26 131 —-.02 1.61 1.48 1.26 131 25
TT Taught 9.73 2.65 9.38 2.70 13 8.69 3.20 9.38 2.70 -.23 9.58 2.67 9.38 2.70 .07
RLN 5.92 8.96 7.39 9.05 -.16 4.79 6.63 7.39 9.05 -.32 5.42 7.70 7.39 9.05 -.23
PPVT 50.50 23.62 49.87 16.63 .03 42.71* 17.23 49.87 16.63 —42 53.5 19.19 49.87 16.63 .20
CELF-EV 9.55 6.60 7.72 5.75 .29 7.45 7.28 7.72 5.75 —-.04 8.90 5.47 7.72 5.75 21
CELF-SS 6.82 4.35 7.43 4.18 -.14 717 4.00 743 4.18 —.06 8.68 3.80 743 4.18 31
CELF-WS! 5.59 472 5.18 3.92 .09 341 3.65 5.18 3.92 —.46 6.35 4.85 5.18 3.92 .26
TOPEL-PK 11.70 9.41 14.03 9.60 -.25 9.55 8.58 14.03 9.60 —-49 13.81 10.30 14.03 9.60 .02

Note. Mrx =Mean treatment group; SDrx = Standard deviation treatment group; Mpay = Mean business as usual group; SDgay =Standard deviation business as usual group;
g=Hedge’s g effect size for difference between treatment and non-treatment group; Tier1=Tier 1 intervention; Tier2B =Tier 2 Basic intervention; Tier2E =Tier 2 Enhanced
intervention; TT Taught=Teaching Together taught; RLN = CIRCLE Rapid Letter Naming subtest; PPVT = Peabody Picture Vocabulary Test; CELF-EV = Clinical Evaluation of
Language Fundamentals-Expressive vocabulary; CELF-SS=Clinical Evaluation of Language Fundamentals-Sentence structure; CELF-WS=Clinical Evaluation of Language
Fundamentals-Word structure; ' = CELF-WS was used as baseline measure for NLM outcome measure; TOPEL-PK = Test of Preschool Early Literacy-Print Knowledge subtest.

" p<.05.

Table 6

Main effects models for individual interventions on proximal outcome measures (N=170).

Inferential TT Taught RLN

B S.E. p g B S.E. p g B S.E. p g
Model 1 - Proximal Subgroup
Intercept 1.34 1.29 31 11.95 4.00 o -1.04 9.50 91
Race .02 .05 .68 25 .15 .10 .18 37 .64
DLL -.10 .16 .52 .10 .50 .85 .55 1.24 .66
Age .03 .02 .26 .03 .07 .70 38 17 *
Sex —.46 .20 * —41 .60 49 -1.36 1.28 .29
Tier1l .03 .26 91 .02 .73 .86 40 .19 -3.37 2.53 .19 -.27
Tier2B —.44 27 11 -.25 .15 .89 .87 .04 —2.69 2.57 30 -.22
Tier2E 44 27 11 25 1.78 .87 * 46 -3.71 2.56 .16 -.30
Pretest .84! 08! - 408 118 - 94 09 o

Note. TT Taught = Teaching together taught words; RLN = CIRCLE Rapid Letter Naming subtest; DLL=Dual language learner status; Sex = Female(1), Male(2); Pretest = Pretest
baseline control for post-test measure (' =Inferential pretest; $ =TT taught pretest; =RLN pretest); Tierl =Tier 1 intervention; Tier2B =Tier 2B intervention; Tier2E =Tier
2E intervention. All predictor variables were centered (0/1 for dichotomous variables and grand-mean centered for continuous variables) such that Beta coefficients reflect

fitted deflections from the intercept where the intercept represents the referent BAU.

" p<.05.
" p<.01.
= p<.001.

variance attributed to classroom level factors was substantial for
RLN (ICC=32%) in Model 1 and Model 3, but did not exceed 10% for
any of the other eight outcome variables in any of the models. The
fixed effects of the individual intervention factors for the proximal
and distal outcome measures are summarized in Tables 6 and 7,
respectively. A positive statistically significant effect was indicated
for the relation between the Tier 2 Enhanced intervention relative
to the BAU and the proximal outcome TT taught, t=2.05, p<.05,
g=.46. No other significant proximal impacts were identified rel-
ative to the BAU; however, some effect sizes may be meaningful
(e.g., g=.25 Tier 2 Enhanced effect on inferential comprehension;
range of negative effects on RLN g=-.22 to —.30). For distal out-
comes, a positive effect size, though not statistically significant,
was observed for the relation between Tier 1 Only and the distal
outcome PPVT relative to the BAU, t=1.95, p=.058, g=.39. Surpris-
ingly, a negative impact was indicated for the relation between
Tier 2 Enhanced and the distal outcome relative to the BAU on
the TOPEL, t=-2.25, p<.05, g=—.39, and a negative marginal effect
was observed between Tier 2 Basic, relative to BAU, on the distal
outcome CELF-EV, t=-1.72, p=.09, g=-.20.

3.4. Research Question 2: Which Children Benefit More or Less
from the Interventions?

Our second research question used two exploratory models to:
(1) understand main effects at different points of the conditional

distribution of the outcomes (i.e., LQMM Main Effects), and (2)
understand the extent to which the impact of the intervention on
the post-test was moderated by key child baseline characteristics
(i.e., LMM Moderation).

LQMM Main Effects. The results of the LQMMs clarified the
primary impact findings (Supplementary Table A6) and indicated
patterns of effects that were not identifiable in LMM.

TT Taught. The result from the main effect LMM previously
reported for the statistically significant medium effect of the Tier
2 Enhanced intervention on TT Taught relative to the BAU (g=.46)
indicated an increase across the distribution from the lowest quan-
tile (.10 quantile g=.30) to the highest quantile (.90 quantile g=.79)
in the LQMM, with the largest effects concentrated in the .70
through .90 quantile.

PPVT. The small but not statistically significant effect of the
Tier 1 intervention on PPVT relative to the BAU found in the
LMM (g=.39) showed a pattern of results in the LQMM where
the effects were concentrated at the lowest (.10 quantile=.27; .20
quantile=.25) and highest quantiles (.80 quantile=.61; .90 quan-
tile=.57), with the effects being more than two times as large at
the higher end of the distribution.

CELF-EV. Negative effects of Tier 2 Basic on CELF-EV had an effect
size at the .50 quantile in the LQMM (g=—.17) similar to that of the
LMM (g=—.20), but decreased toward the .10 quantile (g=.00) and
increased toward the .90 quantile (—.32).
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.01

72
11
.55
11
.14
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.87

4.07
15
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.08
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.85
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13
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48

3.97
15
51
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45

37.02
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.14
39
27
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.99

.90
.93

1.05
15

1.25
1.78
1.86
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.07

.85
.60
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.38

.06
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73
72
.07
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.07
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Clinical Evaluation of Language Fundamentals-Sentence structure test; CELF-

Clinical Evaluation of Language Fundamentals-Expressive vocabulary test; CELF-SS=

Peabody picture vocabulary test; CELF-EV
Clinical Evaluation of Language Fundamentals-Word structure test; Narrative

Female(1),

Dual language learner status; Sex =

Tier 1intervention; Tier2B

Test of Preschool Early Literacy-Print Knowledge; DLL

CELF-WS pretest; &

Narrative Language Measures; TOPEL=

=Tier

Tier 2B intervention; Tier2E

TOPEL pretest). Tier1

=CELF-EV pretest; " = CELF-SS pretest; *

PPVT pretest;
2E intervention. All predictor variables were centered (0/1 for dichotomous variables and grand-mean centered for continuous variables) such that Beta coefficients reflect fitted deflections from the intercept where the intercept

represents the referent BAU.

Pretest baseline control for post-test measure ('

Male(2); Pretest

" p<.05.
" p<.01.

p<.001.
i p<.10.

CELF-SS. Other notable effects revealing a discrepancy between
the results of the LMM and LQMM included the relation between
the Tier 1 treatment and CELF-SS, where the effect size was .13 in
the LMM but indicated a practically meaningful, positive effect of
.58 and .27 at the .10 and .20 quantiles respectively relative to the
BAU, but negative coefficients for the .80 quantile (g=—.22) and .90
quantiles (g=—.14) relative to the BAU.

CELF-WS. On CELF-WS, Tier 2 Enhanced had a negligible effect
size of —.01 in the LMM but departed from that effect in the negative
direction for the .20 through .60 quantiles (g=—.14, —.60) and the
positive direction for the .80 (g=.16) and .90 quantiles (g=.15), all
relative to the BAU.

NLM. The negligible effect of Tier 2 Enhanced on NLM may
have been deceiving in the LMM (g =.08) given the large difference
between the largest negative effect (.10 quantile = —.20) and largest
positive effect (.90 quantile =.99) at the poles of the distribution.

TOPEL. The significant negative effect of Tier 2 Enhanced on
TOPEL relative to the BAU in the LMM (g=-.39) was fairly con-
sistent across the distribution in the LQMM.

LMM Moderation. Results from the LMM moderator analyses
show that DLL status significantly moderated the relation between
Tier 2 Basic and RLN, t=2.07, p <.05, such that individuals with DLL
status in Tier 2 Basic performed lower on RLN than DLL status in
the control (see Table 8).

4. Discussion

This underpowered, randomized controlled trial was the ini-
tial evaluation of a tiered school plus home curricular supplement,
Teaching Together, which primarily targets academic language, but
also supports early literacy skills. We examined the effects of
increasingly intensive classroom instruction blended with family
supports. Our sample included Head Start children demonstrat-
ing risk for later reading difficulties; about 66% of these children
were DLLs. All focal children scored below predetermined language
and literacy screening benchmarks and were Tier 2 eligible. Class-
rooms were randomly assigned to either the control or treatment
condition. Within treatment classrooms, these high-risk children
were further randomized to receive Tier 1 Only Classroom or addi-
tional Tier 2 Classroom lessons. After classroom intervention began,
parents and children were further randomized to one of three treat-
ment groups — Tier 1 Family, Tier 2 Basic Family, or Tier 2 Enhanced
Family.

The additive study design sought to understand the benefits
of aligned interventions delivered by teachers and parents. The
Tier 1 Only condition included large-group shared book reading
activities at school and parent education via workshops and text
message communication; this condition showed non-significant,
albeit promising, effects on one vocabulary measure. The Tier 2
Basic treatment added small-group instruction at school and pro-
vided parents with home learning materials and additional text
messages. Interestingly, this Tier 2 Basic condition showed the
least evidence of promise. The Tier 2 Enhanced condition added
four individualized parent coaching sessions to the above supports
and showed the most evidence of promise on language outcomes.
Unexpectedly, all treatment groups were negatively related to lit-
eracy outcomes. We explored differential effects by skill level and
DLL status because, even within an at risk sample, we expected het-
erogeneity in response (Cabell, Justice, Konold, & McGinty, 2011;
NASEM, 2017; Wanzek et al., 2016).

4.1. Impacts on child language outcomes

The Teaching Together program trained teachers and parents
to explain sophisticated words and facilitate inferential conver-
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Table 8
Moderator analyses for individual interventions on selected outcome measures (N=170).
Inferential TT Taught RLN TOPEL
B S.E. p g B S.E. p g B S.E. p g B S.E. p g

Model 3 - Moderator Primary Subgroup
Intercept 1.38 1.30 .30 1243 4.11 o —3.48 9.72 73 .86 8.47 92
Race .02 .05 72 .25 15 .10 .26 .38 51 .01 32 .98
DLL —.08 .23 75 -.06 72 .94 -.79 1.77 .66 —.46 1.54 77
Age .03 .02 .30 .02 .08 .82 44 18 * 42 .16 *
Sex -.43 .20 * -.28 .61 .65 -1.31 1.30 32 -1.12 1.27 39
Tierl 34 40 40 .19 1.52 1.33 .26 39 —4.29 3.33 .20 -.35 -1.81 2.64 .50 -.17
Tier2B -.95 51 f —-.55 -1.10 1.57 49 -.28 -9.06 3.90 * -.75 -5.31 3.23 11 -.51
Tier2E .55 46 23 31 .62 1.45 .67 .16 -3.84 3.67 .30 -.31 —4.66 2.99 13 -.38
Pretest 74! 12! el .35% 178 *$ 94" 127 e 67% 118 ek
Tier1*Pretest 27" 20" 18! 148 318 .65% —.06" 21 79 23% 19% 228
Tier2B*Pretest .03! 19! .86 -.03% 278 .90% -26° 27 33" —.05% 20% .82%
Tier2E*Pretest 23! 19! 24! 188 308 578 200 22 38 .04% .18% .82%
DLL*Tier1 —.45 41 .29 -1.28 1.29 33 1.03 2.96 73 -1.37 2.65 .61
DLL'Tier2B 54 47 .26 1.26 1.39 37 6.66 3.22 * 434 2.89 14
DLL*Tier2E -.18 43 .68 135 1.35 33 33 3.17 92 .57 2.87 .85

Note. TT Taught = Teaching together taught words; RLN = CIRCLE Rapid Letter Naming subtest; TOPEL = Test of Preschool Early Literacy-Print Knowledge subtest; DLL=Dual
language learner status; Sex = Female(1), Male(2); Pretest = Pretest baseline control for post-test measure (' = Inferential pretest; $ = TT taught pretest; " = RLN pretest,® = TOPEL
pretest); Tier1l =Tier 1 intervention; Tier2B =Tier 2B intervention; Tier2E =Tier 2E intervention. All predictor variables were centered (0/1 for dichotomous variables and
grand-mean centered for continuous variables) such that Beta coefficients reflect fitted deflections from the intercept where the intercept represents the referent BAU.

" p<.05.
" p<.01.
™ p<.001.

t p<.10.

sations. We found promising results for four of seven language
outcomes (taught vocabulary, receptive vocabulary, inferential
comprehension, narrative) that were strongest for the Tier 2
Enhanced group and somewhat promising for the Tier 1 Only group.
No main effects resulted for the Tier 2 Basic condition. We analyze
possible explanations for these findings beginning with the most
promising treatments.

Enhanced Tier 2 with parent coaching. The most intensive,
Tier 2 Enhanced group significantly improved children’s proxi-
mal vocabulary for taught words (g=.46). Children in this group
also made practically meaningful, albeit non-significant, gains in
inferential comprehension (g=.25). Despite non-significant main
effects, quantile regression showed the highest .90 percentile of
this treatment resulted in large gains (g=.99) on a narrative recall
task. We similarly observed a pattern of larger, localized effects
for Tier 2 Enhanced at the higher end of the distribution for the
proximal vocabulary and the CELF word structure measures. Per-
haps this pattern of findings indicates that children with stronger
language skills profited more from the academic language sup-
ports because skill begets skill. Other research has demonstrated
that children with higher initial vocabulary skill benefit more from
language intervention (e.g., Cabell, Justice, Piasta, et al., 2011).
This trend of greater benefits for children at the higher end of
the distribution suggests additional support may be needed at
school and/or home to ensure more children respond. Future
studies should also consider if Tier 2 non-responders need Tier
3.

Nonetheless, the most intensive Tier 2 Enhanced aligned
teacher-parent intervention approach appeared most promising
overall. Such findings suggest that Tier 2 classroom instruction
was more effective when paired with family coaching on strategies
to responsively facilitate conversations, explain words, and share
books at home. It is possible that Enhanced family engagement
approach, that included modeling videos and feedback, helped par-
ents improve naturalistic language interactions. Although further
observational data is needed to confirm, this aligns with decades
of research that show the effectiveness of increasing adults’ use of
language input that is contingent with children’s talk/interest (see
Greenwood, Schnitz, Carta, Wallisch, & Irvine, 2019).

In terms of implementation, over 80% of families elected to par-
ticipate in Tier 2 coaching and adhered to the coaching cycle. This
suggests the feasibility of remote coaching for use at large scale.
The feasibility and tailored communications within coaching may
be mechanisms that motivated parents. Although these findings
with four parent coaching sessions align with meta-analytic find-
ings (Bakermans-Kranenburg et al., 2003) that less than five parent
coaching sessions can be as effective (d=.42) as five to 16 sessions
(d=.38), further information is needed on the optimal number of
sessions to see large, sustained effects. Moreover, it is unclear if
schools have the capacity for practitioners to deliver parent coach-
ing, rather than researchers.

Tier 1 effects with parent workshops/texts. Participation in
the Tier 1 Only group showed promise for children’s language out-
comes, but only on one distal vocabulary measure (PPVT) and with
a non-significant but meaningful effect size (g=.39). We observed
interesting localized effects on the PPVT that were slightly larger
at the lowest performing quantiles (.10, .20) and much stronger at
highest performing quantiles (.80, .90). Quantile regression analy-
ses also showed stronger Tier 1 Only effects at the low end of the
distribution for the CELF sentence structure task. In terms of imple-
mentation, teachers implemented most aspects of Tier 1 classroom
instruction at adequate levels, but across all conditions families
participated in few of the Tier 1 offerings, opening only 25% of
the modeling videos in text messages and attending only a quar-
ter of the offered workshops. More information is needed on the
conditions in which these lower-cost, frequently used ECE parent
involvement approaches are motivating or effective.

It is also worth noting that it is difficult to explain the inconsis-
tent effects on the PPVT across treatment groups (i.e., Tier 1 g=.39;
Tier 2 Basic g=.15, Tier 2 Enhanced g=.09). Given that all chil-
dren received Tier 1 support, we would expect more consistent
effect sizes across all conditions if these universal intervention
activities were changing this broad vocabulary skill. These inconsis-
tencies may be, in part, because Tier 2 Basic children’s PPVT scores
were lower at pretest than the control group. Past research with
tiered language interventions tends to show small effects on norm-
referenced language measures like the PPVT with larger effects on
proximal measures (Kelley, Goldstein, Spencer, & Sherman, 2015;
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Loftus etal.,2010; Pullen etal.,2010; Zucker et al., 2013). Therefore,
the presence of any promising findings on this distal vocabulary
measure warrants further study in future more diverse and fully-
powered samples.

Limited effects for Basic Tier 2. Tier 2 Basic supports — com-
prised of extra home activities, books, and text messages - did
not increase outcomes in this Head Start sample. The Tier 2 Basic
group even showed some non-significant but potentially mean-
ingful negative trends for CELF expressive vocabulary and the
inferential comprehension task (g=-.20 to —.25). Given that all
Tier 2 children received the same classroom instruction and were
randomized into two levels of family supports, these differences
may be due to factors outside of the classroom, such as the way
parents supported learning at home. Although low-income, lin-
guistically diverse families report access to learning resources is
a barrier (e.g., Marrapodi, 2016; Neuman & Knapczyk, 2018), these
results and others (Anthony et al., 2014; Neuman, 2017) suggest
there are negligible to small child benefits for providing books and
home learning materials without more intensive parent education
supports. Instead, parent education with opportunities for practice
and feedback seem to be key mechanisms for supporting parents
in ways that change child outcomes (Haring Biel et al., 2019). For
example, simply receiving a book during a pediatric well child visit
had little effect on family reading practices, whereas significant dif-
ferences emerged when one book is given with short guidance from
a pediatrician on the importance of reading with young children
(Canfield et al., 2020). Likewise, Tier 2 Basic without tailored par-
ent guidance simply was not enough to produce meaningful child
impacts.

Overall, for language outcomes, the theory of change was gen-
erally supported, which asserted that school-based interventions
with simple parent supports are not of sufficient intensity to nar-
row large vocabulary and achievement gaps for children eligible
for Tier 2 and at risk for later reading difficulties (Chatterji, 2006;
Wasik & Hindman, 2015). In contrast, the more tailored coaching
support and feedback based was promising.

4.2. Impacts on child literacy outcomes

Unexpectedly, there was a negative pattern across all Teaching
Together groups on literacy outcomes, one of which was statistically
significant for the Tier 2 Enhanced group on the print knowledge
measure (TOPEL, p<.05, g=-.39). The overall disappointing liter-
acy findings may not be surprising when considering that literacy
was a secondary intervention focus, comprising about 25% of activ-
ities at school and home. This imbalanced curriculum design was
based on earlier iterative testing that showed only minor literacy
instructional enhancements were needed for most classrooms. Yet
the result was a relatively low dose of literacy support.

Baseline instruction in most of these Head Start classrooms fea-
tured a curriculum with a large amount of literacy instruction
that included whole-group and small-group lessons that follow
research-based principles (Schiller, 2013). When we asked teach-
ers to implement a new curriculum supplement, this shift of
instructional focus likely came at a cost given the finite amount of
instructional time and teacher capacity. Several teachers reported
replacing some of their core literacy curriculum with Teaching
Together, which was not designed as a replacement of the core cur-
riculum. Researchers should have given more guidance on how to
maintain the core literacy curriculum while layering in a supple-
ment. Teachers may also experience cognitive overload when asked
to implement new curricula like this with two tiers of instructional
support.

A critical analysis suggests another problem was likely the
design of the Tier 1 classroom literacy components. That is, the
approach to print referencing during shared reading only included

one session per week, resulting in a quarter to half of the recom-
mended dose of explicit print references used in past, efficacious
pre-k research (Justice et al., 2009, 2015). These Tier 1 print ref-
erences were also more highly scripted than the past studies by
Justice and colleagues, likely resulting in more abbreviated discus-
sion of print targets. In addition, parents in the Tier 2 Enhanced
group only received one coaching session on literacy; this may
not have been sufficient to fine-tune their scaffolding of liter-
acy activities in responsive, developmentally appropriate ways (cf.
DeBaryshe, Bueller, & Binder, 1996).

Not only were the literacy components a low dose, but amongst
all lesson types, teachers implemented literacy components with
the lowest average adherence to the planned lesson steps (e.g.,
65% for phonological awareness, 72% for print knowledge). These
literacy implementation levels are considered moderately low;
inadequate implementation is often linked to null findings (Hill &
Erickson, 2019), but these negative findings are troubling. Thus,
we also think it is possible that print and letter instruction within
Tier 2 lessons (e.g., magnetic letter matching to alphabet arcs, ini-
tial sound picture sorting) or home activities (e.g., alphabet arc
placements, phonological awareness word play) was too advanced
or somehow confusing to children who already demonstrated
weak literacy skills. Future research with Teaching Together should
consider higher intensity literacy supports or focus only on the
language components.

4.3. Effects for DLLs

Understanding how to support pre-k DLLs is essential because
this diverse population faces risk for academic difficulties, which
can increase upon the transition to kindergarten without early
intervention (Ansari & Crosnoe, 2018). Parents are a natural partner
for enhancing DLLs’ broad language skills (NASEM, 2017). Providing
bilingual family engagement programs is increasingly required to
meaningfully involve parents (Jeynes, 2012). The Teaching Together
intervention was iteratively designed to serve English and Span-
ish speaking families because earlier phases of our work, as well as
national data (NASEM, 2017), suggested the vast majority of DLLs
speak Spanish at home. Yet in some parts of the U.S., preschool
classrooms increasingly represent “superdiverse” settings where
the majority of DLLs speak a variety of home languages (Baker &
Paez, 2018). Sixty six percent of the full sample within this study
were DLLs; about 54% of all children spoke Spanish at home and 13%
spoke other home languages, such as Arabic, Urdu, and Creole. This
presented challenges to serve a more linguistically diverse sample
than planned; yet we did not have predetermined exclusionary cri-
teria in our protocol that allowed us to target families who spoke
only English or Spanish.

We found no evidence of differential effects of the interven-
tion for DLL children’s language outcomes. We interpret this as a
promising outcome that suggests, like their peers, DLLs can learn
academic language with aligned support from teachers and par-
ents. However, we found one significant negative interaction in
which DLLs in Tier 2 Basic group performed worse on the English
letter naming fluency task relative to DLL peers in the control group.
Perhaps the home literacy activities alone (without coaches) were
less beneficial for these DLLs. Home letter activities were provided
in English and Spanish; however, the program did not explain
how these two languages share some graphophonemic properties,
but are not equivalent. Thus, if parents of Spanish-speaking DLLs
used the literacy materials without sufficient guidance to support
biliteracy, this may have temporarily increased letter name/sound
confusion for children assessed only in English. Future iterations of
Teaching Together should consider local contexts and how to best
support home literacy in superdiverse linguistic settings.
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4.4. Limitations & future directions

Several limitations of this initial pilot study should be consid-
ered. First, this is an underpowered pilot of a new program that
shows some promise for improving pre-k children’s language skills,
but not literacy skills within this sample of children, all of whom
qualified for Head Start and demonstrated risk at screening. Addi-
tional study of the Teaching Together intervention is needed in
more diverse samples with more heterogeneous child skills so that
Tier 1 can be delivered to children meeting screening benchmarks.
Future iterations of the program should remove or improve the
literacy components as well as family components that did not
reach desired implementation levels. For example, increased par-
ent attendance at workshops and text messages usage are areas
for improvements. We are separately examining relations between
teacher and parent fidelity/quality of implementation and child
outcomes. Another important limitation was that the psychome-
tric properties of the proximal taught vocabulary measure were
weak. This may indicate we did not measure a unidimensional
construct or that there was too much variation in the vocabulary;
these words were representative of a wide range of difficulty in
past research (Dale & O'Rourke, 1981). A better proximal measure
in future studies could more fully capture intervention effects on
taught academic vocabulary. Also, despite past success using the
inferential task in other pre-k samples (e.g., LARRC & Muijselaar,
2018), there were overall floor effects on the Inferential Compre-
hension measure for this sample.

Two important analytic limitations are worth discussing. First,
two baseline measures presented with moderate effect size dif-
ferences between the TT Basic and BAU conditions (PPVT g=—.42;
CELF-WS g=-.46). However, we think our overall conclusions
about the limited benefits of TT Basic are valid because negative
effects were found for this group on other measures where base-
line equivalence was established (CELF-EV, Inference Making) and
because of low parent reported uptake of the Tier 2 Basic activ-
ities. Second, our multilevel models accounted for the nesting of
children within classrooms but did not include classrooms within
schools. We opted to use the two-level model to account for the
primary nesting and random assignment mechanisms, both at the
classroom-level, and to provide analytic symmetry between the
LMM and LQMM approaches (i.e., LQMM only allows for two-level
modeling). Future work might explore ways to improve LQMM in
similar nested models (e.g., inclusion of extended random effects
or inclusion of sandwich estimators).

This study design could not isolate the effects and costs of each
component of the classroom and family programs. Future studies of
the Teaching Together program could examine incremental effects
of individual components in the classroom alone or classroom plus
school for preschoolers eligible for Tier 2. If combined with cost
effectiveness analyses, this could provide educators with important
information to make decisions about what types of ECE-sponsored
family engagement activities are the most valuable investments.
Likewise, future studies should consider additional intensity of Tier
2 and/or Tier 3 for non-responders and more authentic teacher-
parent partnerships and family engagement approaches.

5. Conclusion

These data suggest that Teaching Together holds promise as a
school- and home-based intervention for increasing language skills
amongst pre-k children at risk for later reading difficulties and eli-
gible for Tier 2 services. Academic language is an essential skill for
later reading and success in school. An aligned approach to explain-
ing sophisticated vocabulary and engaging in extended, inferential
conversation across the classroom and home could help close the

vocabulary gap observed for DLLs and children from low-income
backgrounds. Yet we found heterogeneity in response with greater
vocabulary benefits mostly for children at the higher end of the
distribution, suggesting future efforts should continue to exam-
ine for whom and under what conditions such academic language
interventions are most beneficial.
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