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a  b  s  t  r  a  c  t

This  study  investigated  the  effects  of participation  levels  (dose)  on  child  development  (response)  in
five  school  sites  offering  integrated  early  childhood  services  as  part  of  the  Toronto  First  Duty (TFD)
demonstration  project.  The  TFD  model  offered  an  integrated  school-based  service  array  for  children
under  6,  including  public  school  kindergarten,  childcare,  family  literacy,  parenting  supports  and  other
early  childhood  services.  While  investigating  program  dose  effects,  this  study  also  considered  the social
ecology  of  the  child,  including  family-  and  school-level  characteristics  that  might  alter  the  effectiveness
of  community-level  service  integration  efforts  to improve  child  development  outcomes  in  kindergarten
as  children  enter  school.  The  ecology  of  participation  effects  was  examined  through  generalized  linear
modeling  techniques  analyzing  a linked  dataset  (N  =  272) including  intake  data  on  family  demographics
and  parents’  goals  on service  use,  systematic  tracking  data  on  hours  of  program  use, service  integration
level  data  across  school  sites, and  child  development  data  across  five  domains  on  the  Early  Develop-
ment  Instrument  (EDI).  The  results  provide  evidence  that  the  early  childhood  integrated  service  model
has  potential  to improve  children’s  developmental  outcomes:  participation  dose  predicted  children’s

physical  health  and  well-being,  language  and  cognitive  development,  and  communication  and  general
knowledge,  after  taking  into  account  demographic,  parent  engagement  and  site  factors.  Parents’  being
less child-centered  in  their  goals  for service  use  and  less  interested  in  school  involvement  were  signif-
icant  risk  factors  associated  with  children’s  developmental  outcomes.  This  study  has  implications  for
understanding  the ecological  complexities  of  early  human  development  and  integrated  service  supports
in a  school-as-hub  model.
. Introduction

A strong conceptual argument has been made for integrating
ultiple early childhood services on the basis of a social-ecological

nalysis of how complex social contexts affect child development
nd parenting (Lerner, Rothbaum, Boulos, & Castellino, 2002; Patel

 Corter, 2011), following Bronfenbrenner (1979) theory. In short,
f services are to be effective, they need to affect multiple points
n the child’s social ecology, in mutually reinforcing ways. In terms

f social ecology, service integration can work to improve service
nd family microsystems where bi-directional interactions directly
hape the child’s development. Service integration also bridges the
esosystem—the dynamic links among microsystems supporting
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the child, including connections among child and family services
and between services and home. Service integration also operates
beyond the front lines of the child’s microsystems and their direct
mesosystem connections. At the exosystem level, it necessarily
entails local organizational support for integrated community-level
service delivery, and at the macrosystem level it reflects the broad
social policy environment (Lerner et al., 2002).

Kindergarten, childcare, and other early childhood community
programs represent multiple microsystems where the interac-
tions surrounding children help to support development. Time
spent in, or dose of, high-quality program microsystems should
enhance development, and there is evidence that settings where

programs are integrated on site are higher in quality than their sep-
arate equivalents (Corter et al., 2009; Melhuish et al., 2007; Sylva,
Melhuish, Sammons, Siraj-Blatchford, & Taggart, 2004). Arguments
for service integration have also been made on the basis of the
importance of building continuity across the mesosystem linking
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ervice microsystems with each other and with the microsystem
f the home (Corter, Patel, Pelletier, & Bertrand, 2008; Pelletier

 Corter, 2006). Continuity works horizontally as the parent and
hild move across settings and vertically as the child moves through
evelopmental transitions in time (Saracho & Spodek, 2003). Ser-
ice integration can work horizontally and vertically, and it may
elp foster greater continuity in programming and fewer daily tran-
itions, as well as easing developmental transitions across home,
arly childhood programs, and school (Pelletier, 2012; Regional
ducational Laboratories’ Early Childhood Collaboration Network,
995). When integrated services include parent–child program-
ing such as family literacy, continuity in terms of language

earning opportunities may  develop between home and program
icrosystems. When integrated services include public school

indergarten programs in a school-as-hub model, these links may
roduce greater engagement between parents and schools (Patel &
orter, 2013; Zigler & Finn-Stevenson, 2007).

Evidence from qualitative process analysis also suggests that
n integrated community of multiple services at a single site may
ave more diverse appeal to families and may  thus help bridge the
esosystem between home and services in other ways, for exam-

le, by facilitating outreach and enrolment (Patel & Corter, 2008)
nd by building family-service relationships and parents’ motiva-
ions, with parents being more confident in supporting learning
t home and in communicating with professionals, as well as
rawing more social support from them (Arimura & Corter, 2010;
atel & Corter, 2013). In turn, such mesosystem engagement may
nhance the quality of the child’s microsystems. Service integration
ay  also change the organizational exosystem surrounding service
icrosystems in ways that benefit their quality and thereby indi-

ectly enhance child development outcomes. For example, service
ntegration has been shown to bring about practical improvements
n organizations through opportunities for staff support (Selden,
owa, & Sandfort, 2006), professional development and collabora-
ion (Corter et al., 2008).

Beyond conceptual arguments for service integration and the
vidence to date on processes through which it may  support early
evelopment, the interest and experimentation have extended to

nternational contexts for program and policy development. In the
K, the Sure Start national policy initiative targeted multiple ser-
ice supports to low economic neighborhoods with a shift from
ervice networks to integrated neighborhood centers as the policy
as refined on the basis of evidence from the EPPE study pointing

o the value of integrated care and education programs (Melhuish,
elsky, & Barnes, 2010). In the US and Canada, a number of inte-
rative initiatives have provided school-linked services for young
hildren and parents in low economic neighborhoods, including
he Chicago Child-Parent Center (CPC) program (Reynolds, 2004b),
he Ontario Better Beginnings, Better Futures (BBBF) project (Peters
t al., 2010), and the Schools of the 21st Century (21C) initiative
mplemented across a number of states in the US (Zigler & Finn-
tevenson, 2007). The evaluation evidence from these initiatives
s promising. Short-term and long-term benefits for children and
or parenting were found in both the CPC (Reynolds, Temple, &
u, 2010) and BBBF evaluations (Peters et al., 2010); benefits for
arents were found in Sure Start, although there were no lasting
enefits for children (Melhuish et al., 2010).

Outside of Western countries, integrated early childhood pro-
rams targeting families with lower socioeconomic status often
ntegrate health with education, as in India’s Project Grow Smart
rogram, which combines nutrition supplementation and support

or parenting and early learning through home visiting (Fernandez-
ao et al., 2014). International interest in the integration of early
ducation and care is also seen in the policy work of the Organi-
ation for Economic Co-operation and Development (OECD, 2006)
nd United Nations Educational, Scientific and Cultural Organiza-
ch Quarterly 35 (2016) 49–62

tion (UNESCO; Kaga, Bennett, & Moss, 2010), with related program
initiatives extending beyond Western countries. Both UNESCO and
OECD promote integration of child care and early education as a
universal approach to supporting child development for all by opti-
mizing the auspice and delivery of services, not simply as a targeted
approach to risk.

1.1. Program participation and ‘dose-response’ effects

Who  enrolls and how much they attend are critical questions for
examining the effects of programs, whether they involve targeted
or universal approaches, and whether they involve single services
or multiple services with varying degrees of integration. Across
different types of early childhood programs, child and family partic-
ipation typically varies from one family to the next (Gomby, 1999;
Gomby, Culross, & Behrmann, 1999; St. Pierre, Layzer, & Barnes,
1995). Furthermore, evaluated programs often are not delivered
with the same level of intensity that program developers planned
for (Gomby, 1999). Although such variability in participation is
an important contributor to outcomes (Spoth & Redmond, 2000),
it is rarely accounted for in research on program effectiveness
(Hill, Brooks-Gunn, & Waldfogel, 2003). Thus, the role of “dose,”
“dosage,” or “intensity” has been identified as one of the most
influential, yet poorly researched, aspects of early childhood inter-
ventions (Reynolds, 2004a; Shonkoff & Phillips, 2000). Studying the
effectiveness of programs at different doses or intensities has impli-
cations for understanding what might be an appropriate program
intensity (Warren, Fey & Yoder, 2007), and the topic is timely given
the growing attention to implementation processes in approaches
such as implementation science (Odom et al., 2010).

The findings in the Effective Provision of Pre-School Education
Project (EPPE) study in the UK showed developmental benefits of
quantity of formal, quality early childhood programming, based on
a variety of service types, at school entry and up to seven years of
age (Sammons, 2010; Sylva et al., 2004). The EPPE study examined
children whose experience came from play groups, nursery classes,
child care, or integrated care and education, although only about 6%
of participants were in integrated programs. Since program effects
are likely to reflect both quantity and quality of program expe-
rience, it is notable that program quality of integrated care and
education in this study was  higher than for other program types.
With respect to quantity, duration of program experience across
program types and measured in months predicted better child
development outcomes at school entry on a variety of cognitive
measures; number of sessions attended also predicted cognitive
development, but not as strongly. Effects on social development at
school entry were more modest. Interestingly, while the number
of individual sessions attended, months of experience, and years of
experience were predictive, half-time vs. full-time enrolment was
not predictive, although this comparison was  complicated by pro-
gram type since few types were full-time (Siraj-Blatchford, 2010).
While the EPPE results show that cumulative program experience
was key, along with the quality of service, the half-time vs. full-
time finding illustrates that exposure-outcome relations may not
always be linear, and that there may  be both ceiling and threshold
effects (Nicholson, Lucas, Berthelsen, & Wake, 2010).

Research investigating program participation in comprehen-
sive early childhood programs with multiple services targeted to
risk has primarily focused on investigations comparing the inter-
vention group to a control group who  did not participate in the
intervention (Campbell & Ramey, 1994; Reynolds, 2004b), or on

program duration defined by naturally occurring variations in num-
ber of years of enrolment (Reynolds, 2004b), or half-day vs. full-day
participation (Reynolds et al., 2014), or “high” participation dose
group versus “low” participation dose group comparisons within
a treatment group (Hill et al., 2003). In summary, there has been
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ittle research investigating program intensity defined in terms of
osage of sessions or hours for individual children in comprehen-
ive or integrated early childhood programs; this is particularly
rue for integrated programs designed for universal application.
he present study adds to the existing literature by investigat-
ng whether the cumulative number of hours of participation in
arly childhood integrated programs, available to all children in

 community, successfully predicted children’s development in
indergarten.

.2. Context for the study – Toronto First Duty Project

The Toronto First Duty (TFD) demonstration project aimed to
ntegrate previously separate early childhood community services
n school hubs as a universal platform to support child develop-

ent and parenting (see http://www.toronto.ca/firstduty/). Five
chool sites located in culturally diverse and mixed economic
eighborhoods in Toronto, Ontario, Canada offered integrated early
hildhood services to all young children and families in the com-
unity. Core services at every site included kindergarten, childcare,

nd parenting support or family literacy programs. Other services
aried across sites and included public health, family counseling,
ibrary, and other community resources. During the initial phase of
FD (2001–2006), half-day, non-mandatory kindergarten for 4 and

 year olds was universally available in Ontario schools as part of
he public education system.

In the TFD project, the Early Development Instrument (EDI),
 kindergarten teacher-completed measure of children’s devel-
pment in five major domains (Janus & Offord, 2000; Janus &
fford, 2007), was an important part of assessing potential effects
f programming on children. In comparisons of cohorts across the
mplementation of TFD, improvements in EDI scores were noted.

 comparison of 5-year-old children at TFD schools who  were
n senior kindergarten in 2003 (N = 361) and those who were in
enior kindergarten in 2005 (N = 319), found modest but significant
mprovements in the emotional maturity and social competence
omains of the EDI in the 2005 group (Corter et al., 2008). Evidence
or the impact of TFD on emotional maturity and social competence
lso appeared in quasi-experimental comparisons of children who
ere in senior kindergarten in 2005 across four TFD sites (N = 222)

nd four matched school sites (N = 222) where integrated early
hildhood programs were not available (Corter et al., 2008). School
ites were matched on an omnibus demographic risk index, based
n census data on factors such as low income, single parent status,
nd education level (Toronto District School Board; TDSB, 2005,
007). The within-TFD comparisons across cohorts as the project
matured,” as well as the comparisons between TFD and matched
chool sites, provide converging evidence suggesting that TFD pro-
ramming had a positive population-level influence on children’s
ocial competence and emotional maturity. Benefits to children
ere expected, given that quality of integrated services increased

cross project implementation, with “good” to “excellent” overall
uality on the Early Childhood Environment Rating Scale (ECERS-R)

n all five TFD sites at the point of program maturity (Corter et al.,
007, 2009). Furthermore, social and emotional development were
argeted for particular attention in the integrative programming at
FD sites, whereas language and literacy were a focus at both com-
arison and TFD sites (Corter et al., 2008). Physical health was  not
n explicit program focus in either the TFD or comparison sites.

While these findings are promising evidence for possible ben-
fits of integrated early childhood services, using teacher ratings

o test an intervention when teachers are part of the intervention
ntroduces the possibility of bias (Pianta, Steinberg, & Rollins, 1995).
hus, a concern with the comparison of EDI teacher ratings across
chool sites with and without TFD is that ratings might be affected
ifferentially by teacher bias stemming from teachers becoming
ch Quarterly 35 (2016) 49–62 51

personally invested in the TFD model (Corter et al., 2008). Unlike
the aforementioned study investigating school level differences,
the design of the present study eliminates potential effects of such
bias on the results, since all of the dose analyses are comparisons
within TFD sites.

1.3. The present study

The present study advances previous work on the effects of
integrated services by investigating how the dose or intensity of
participation within TFD integrated early childhood services relates
to outcomes in child development, while considering demographic,
parenting, and school site variables. The approach of the study
follows an ecological conceptual framework. Rimm-Kaufman and
Pianta (2000) and the recent edited volume by Perry, Dockett,
and Petriwskyj (2014) highlight the importance of acknowledging
the combined influence of the interacting elements of the child’s
social ecology (Bronfenbrenner, 1979) in the measurement and
understanding of children’s development and school readiness. We
reasoned that dose effects of TFD integrated early childhood pro-
gramming might have operated by increasing supports for child
development through mesosystem connections between parents
and programs, increasing continuity across program staff and pro-
gram approaches, and giving children and parents more time in
quality program microsystem settings. In keeping with the ecolog-
ical framework, we  also analyzed nested predictors ordered from
those that were proximal to the child (child/family demographics)
to those that bridged the mesosystem between home and program
(parent engagement with services), to the more distal site-level
differences in level of service integration.

The basic question of the study was  whether children’s partic-
ipation or variations in time spent in quality integrated settings
would predict differences in early child development. We  hypoth-
esized that more participation, or higher doses, of integrated early
childhood programming would benefit development, but might do
so differently across the domains represented on the EDI. Time
spent in high-quality service microsystems relates to child devel-
opment outcomes in many studies, but the effects are not the same
across all domains (Sylva et al., 2004).

Based on the ecological framework, we also hypothesized that
demographic factors would predict developmental outcomes for
children in TFD settings, and that parental interests and experiences
in utilizing community services, as well as site-level differences
in service integration levels would add to the predictive effects.
Demographic factors, such as parental education, are consistently
related to outcomes, with effects that persist long after partic-
ipation in early childhood programs (Melhuish, 2010). Parents’
goals for participation, their interest in school involvement and the
extent of their previous use of other early childhood community
services could also add to the prediction of child development out-
comes. Greater interest and histories of service use could improve
parents’ engagement with TFD services, including their interactions
on site, or their bringing practices into the home from site-based
services such as family literacy programs (Patel & Corter, 2013).
Organizational levels of service integration could have a variety
of indirect effects on child development outcomes; for example,
through their effects on staff work and program quality (Selden
et al., 2006).

2. Method
2.1. Participants

Most 4- and 5-year-old kindergarten-aged children in TFD
community sites attended non-mandatory half-day kindergarten
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Table 1
Descriptives of Categorical Independent Variables (N = 272).

N N(%)

JK (0)/SK (1) JK 137 50.37%
SK 135 49.63%
Total 272 100.00%

Sex  of child (0 = F,
1  = M)

Female 148 54.41%
Male 124 45.59%
Total 272 100.00%
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programs, meetings, document analysis, interviews, and surveys
EL1  Status = 0, EAL
Status = 1

EL1 Status 205 75.37%
EAL Status 67 24.63%
Total 272 100.00%

egardless of whether families chose to participate in additional
FD services. Junior and senior kindergarten, for 4- and 5-year-olds
espectively, are part of the public education system in Ontario and
lective enrolment is nearly universal; enrolment in other services
uch as child care and family support programs is much lower. For
xample, in the Toronto District School Board (TDSB) enrolment
n senior kindergarten is 97%, whereas parental reports of enrol-

ent in early childhood services is approximately 27% in child care
enters and 32% in other early childhood programs (TDSB, 2009).

Focal participants in this study included 272 children who
ttended kindergarten in TFD schools and who participated in other
FD services to varying degrees, along with their parents. This sam-
le of convenience was drawn from families who were registered in

 TFD Intake and Tracking system, which included TFD participants
rom 2002 to 2006, and whose intake and participation data could
e matched with school-board-wide kindergarten assessment on
he EDI. The total number of kindergarten children at the five sites
uring this period for whom EDI data were available was  501;
hus, the sample of 272 represented 54.3% of the total. The children
n this study were in half day kindergarten as 4-year-olds (Junior
indergarten-JK) or 5-year-olds (Senior Kindergarten-SK) in 2003
r 2005. Children were culturally diverse, with one quarter (24.6%)
peaking English as an additional language (EAL), and the remain-
ng 75.4% speaking English as a first language (EL1). Just over half
f the children in the sample were females (54.4%), and there were
lmost equal proportions of JK and SK children. Over one third of
he children’s mothers in the sample had a high school education
evel or less (39.7%), with approximately one third (29.8%) having
ompleted a college diploma or a university degree.

.2. Measures

This study examines linked data from three sources: (1) TFD
ntake and Tracking data, which include parental self-reports at
ntake on demographic and parent engagement factors and staff-
ntered tracking data on program attendance, (2) site level data on
he level of integration across the TFD sites, and (3) Early Devel-
pment Instrument (EDI) data, which include teacher-report data
n demographic factors and ratings of 4- and 5-year-old children’s
evelopmental outcomes (Janus & Offord, 2007). By parent, we refer
o the adult(s) who deal with the early childhood programs and
ervices such as the parent, guardian, grandparent, etc. Descriptive
tatistics of all independent variables can be found in Tables 1 and 2.
ntake and Tracking data were collected through intake interviews
nd records of attendance entered in a specially designed software
ystem by TFD site staff. Interviews took place when families first
nrolled in any of the TFD integrated services.
.2.1. Demographic measures
Intake interviews with the adults who deal with services (e.g.,

other, father, grandparent) asked about parental education level,
anguage status (EL1, EAL), and employment status.
ch Quarterly 35 (2016) 49–62

2.2.2. Parent engagement measures
Intake interviews also asked about parents’ goals in access-

ing early childhood services, parents’ level of interest in school
involvement, and parents’ prior program use, with a list provided
for families to select options from. Parents’ goals were categorized
as parent-centered and child-centered goals (Dix, 1992). Child-
centered goals in accessing early childhood services included items
such as supporting children’s development, preparing children
for school, and enabling children to meet other children. Parent-
centered goals included items such as parents wanting to be a part
of a group, to learn more about parenting, and to have the chance
for a break. A proportion of child-centered goals score was calcu-
lated based on the percentage of overall goals selected by parents
that were child centered. Parents reported their level of inter-
est in school involvement by selecting from a list of activities on
the intake form including parents’ willingness to organize special
events, to be contacted by the school, and to participate on com-
mittees, among other activities that involve interaction between
parents and the school. The number of school involvement activi-
ties that parents reported interest in were tallied. The intake form
also asked about parents’ prior early childhood program and ser-
vice use. From this information, the number of programs parents
used prior to TFD was  quantified. These data were entered into the
Intake and Tracking system, managed through the City of Toronto,
one of the TFD partners.

2.2.3. Participation dose
The Intake and Tracking system also tracked the cumulative

total number of hours that each family participated in TFD ser-
vices. The total cumulative hours of participation averaged 780 h
per child. While families participated in a unique combination
of specific services, most families accumulated the bulk of their
total participation hours from their children’s participation in early
childhood education outside of kindergarten (average of 729 h
per child) and children’s participation with a family member in
parent–child programs (average of 49 h). For further information
regarding the TFD Intake and Tracking system, which includes data
collected based on families who participated in TFD between 2002
and 2006, see Patel, Corter, and Pelletier (2008) and Patel (2009).

2.2.4. Levels of service integration
In order to support and assess site-level progress toward the

goal of school-based service integration, the Indicators of Change
tool (Toronto First Duty Research Team, 2005) was developed as a
management tool and research measure. The Indicators of Change
broadly describes service integration as a continuum with five
levels: Coexistence (level 1), Coordination (level 2), Collaboration
(a) (level 3), Collaboration (b) (level 4), and Integration (level 5).
These levels are applied across five key dimensions of integration:
Early Learning Environment, Early Childhood Staff Team, Seam-
less Access, Parent Participation, and Governance. The Indicators of
Change was  completed across TFD sites in 2003 and 2005 through
structured group interviews with frontline staff and members of the
site management committee. Each TFD site received an integration
score out of 120. There is evidence that the Indicators of Change tool
provides an objective assessment of integration levels (Corter et al.,
2009). The evidence includes correspondence between levels of
integration from Indicators of Change assessments and concurrent
conclusions from detailed case study observations of functioning
with frontline staff, site management, and parents. In particular,
correspondence was  found between the Indicators of Change and
program quality ratings (Corter et al., 2007, 2009), using the Early
Childhood Environment Rating Scale-Revised (ECERS-R; Harms,
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Table  2
Descriptives of Continuous Independent Variables (N = 272).

N Minimum Maximum Mean Std. deviation

Cohort (0 = 2003, 1 = 2005) 272 0 1.00 .74 .44
Maternal education (1 = Elem, 2 = SomeHS, 3 = CompHS, 4 = SomeColl, 5 = CompColl,
6 = SomeUni, 7 = UniDeg, 8 = GradDeg)

251 1.00 8.00 4.42 1.94

Proportion (%) of child-centered goals (# of child-centered goals/# of total goals) 264 0 1.00 .60 .23
Interest in school involvement? (level 0-5) 272 0 5.00 2.43 1.76
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Number of other programs/services used by family prior to TFD (0-13) 

Indicators of Change level of service integration 

Total  cumulative hours of TFD participation
Valid N (listwise)

lifford, & Cryer, 2005), with TFD site level ratings in the good to
xcellent range on the ECERS-R (Corter et al., 2006).

.2.5. Early development instrument (EDI)
Early Development Instrument data were collected by the

oronto District School Board, one of the TFD partners, as part
f their board-wide collection in 2003 and 2005. The EDI is
n inventory of early development, or school readiness (Janus
nd Offord, 2007), that kindergarten teachers complete in the
pring, after approximately six months of experience with their
lass (Offord Centre for Child Studies, 2005). The core section
f the EDI (2005 version) consists of 103 items categorized into
he following child development domains: physical health and
ell-being (13 items), language and cognitive development (26

tems), communication skills and general knowledge (8 items),
ocial competence (26 items), and emotional maturity (30 items)
Janus & Offord, 2007). The domain scores vary from 0, repre-
enting low ability, to 10, representing high ability. Individual
tems on the EDI are generally rated on 5-point or 3-point scales,
r answered with a yes or no response. The physical health
nd well-being domain includes gross and fine motor skills and
ssesses whether the child has adequate energy for classroom
ctivities, shows independence, and demonstrates daily living
kills. The language and cognitive development domain includes

 child’s age-appropriate writing and numeracy skills and infor-
ation recall. The communication and general knowledge domain

ncludes a child’s ability to engage in socially appropriate com-
unication, the symbolic use of language and knowledge about

is or her life and the world. The social competence domain
ncludes whether the child demonstrates self-control, cooper-
tes with others, respects authority, and is able to play with
ther children. The emotional maturity domain includes a child’s
bility to reflect before acting, and to deal with feelings age-
ppropriately. The EDI also has demographic items such as the
hild’s gender, English as an additional language status, and JK/SK
tatus. The five EDI domains are based on a factor analysis, which
ncluded data on more than 16,000 kindergarten children, and
emonstrated satisfactory internal consistency reliability levels; a
ubsequent reliability and validity study examining the EDI (N = 82)
emonstrated good inter-rater and parent–teacher reliabilities,
s well as concurrent and convergent validity (Janus & Offord,
007). In the present study, satisfactory levels of internal con-
istency for each of the five EDI domains were also found (see
able 3).

.3. Data analyses

.3.1. Preliminary analyses

The focal linked study sample (N = 272) is a subsample of the

ull Intake and Tracking sample, which contains data recorded on
ll TFD participants. Preliminary analyses were also conducted on
n unlinked dataset (N = 501) drawn from the full sample of chil-
ren who were in JK and SK in 2005 at the TFD school sites. EDI
272 0 10.00 2.22 1.92
272 49.50 86.16 68.01 13.43
272 0 3851.50 779.80 1124.91
272

data were not available for these children but their participation,
demographics, and site level data on the level of integration were
available. In order to check for generalizeability and sample bias
in the 2005 cohort of the focal sample, parallel analyses of demo-
graphic and site predictors of TFD program participation were
carried out in both the focal and unlinked sample. The analyses
of datasets yielded similar results, with the exception of the role
of English as a first language as a predictor of TFD participation.
This difference is likely an artifact of the underrepresentation of
families who speak English as an additional language in the linked
sample (24.2% of linked 2005 sample, vs. 58.4% of unlinked 2005
sample). As a result of these comparisons, all analyses reported in
the present study control for demographic factors. These analyses
are reported in detail in Patel (2009) and tables reporting on these
comparisons can be found in Appendix A of the online Supplemen-
tary material.

2.3.2. Justification of analysis techniques
The distributions for all EDI domain scores were analyzed for

normality through the Kolmogorov–Smirnov test and by examining
the skewness and kurtosis values. The values indicated that their
distributions were non-normal. Thus, data analysis approaches that
did not require normal distributions were used. In order to explore
the predictors of each of the five EDI domains, generalized linear
models (GZLM) were employed, with a gamma distribution and a
log link. GZLM is a statistical approach that allows models to be fit
to data with non-normal distributions. The EDI domain scores were
transformed to reflect a positively skewed gamma distribution
by subtracting each total domain score from 11. Thus, the trans-
formed scores are indicators of lack of readiness in developmental
outcomes, rather than developmental strengths or “readiness”. All
results are reported for transformed scores, unless otherwise noted.
See Appendix B of the online Supplementary material for a correla-
tion matrix based on the EDI domain scores. Descriptive statistics
of the EDI domain scores after transformation can be found in
Table 3. The gamma  distribution was selected because the afore-
mentioned dependent variables have a lower limit of zero, are
positively skewed, and the gamma  distribution represented the
best fit to the distribution of the dependent variables. A log link
was selected as it applies to positive numbers and guarantees a
positive mean (Ruppert, Wand, & Carroll, 2003).

To judge model fit and compare models in parallel analyses
investigating predictors of the EDI domain scores, the following
indices were considered simultaneously to look for converging evi-
dence: (1) Deviance/degrees of freedom, (2) Pearson’s �2/degrees
of freedom, (3) Omnibus Likelihood Ratio test, (4) Akaike’s Infor-
mation Criterion, and (5) Pearson’s �2 model comparisons. In

GZLM analyses, Exp(B) is an indicator of effect size and indicates
the proportional difference in the dependent variable when the
value of a predictor increases by one unit. See Appendix C of the
online Supplementary material for further information regarding
the interpretation strategy for the GZLM analyses.
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Table 3
Descriptives of Dependent Variables (N = 272): Lack of Readiness in EDI Domain Scores.

N Minimum Maximum Mean Std. deviation Cronbach’s Alpha

Lack of readiness in physical health and well-being (1–11) 264 1.00 8.31 2.32 1.38 0.777
Lack  of readiness in language and cognitive development (1–11) 264 1.00 10.23 3.35 2.29 0.924
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Lack  of readiness in communication and general knowledge (1–11) 272 

Lack  of readiness in social competence (1–11) 272 

Lack  of readiness in emotional maturity (1–11) 270 

Valid  N (listwise) 254

.3.3. Focal linked dataset
A generalized linear modeling (GZLM) analysis approach was

tilized with three nested models examining predictors of each
f the EDI domains. The analyses were conducted using the full
inked sample (N = 272), including both the 2003 and 2005 cohorts.
n “step 1” or Model 1, child and parent demographic indepen-
ent variables were entered, including JK/SK status, gender, cohort,
nglish as an Additional/First Language (EAL/EL1), and maternal
ducation. In all analyses, Model 1 was compared with the null
odel with no predictors using the omnibus likelihood ratio test. In
odel 2, the parent engagement independent variables were added

o the “step 1” variables, including “Proportion of child-centered
oals,” “Interest in school involvement,” and the “Number of other
rograms used prior to TFD” (“step 2”). In Model 3, the site level

ndependent variables, “Indicators of Change” measure of level of
ntegration, and the “Total number of hours of TFD Participation”

ere added to the “step 2” variables (“step 3”). Interactions were
ested between the independent variables and English as an Addi-
ional/First Language status, maternal education, JK/SK status and
003/2005 cohort in each of the models. When a significant interac-
ion was found, both interaction terms were retained. All relevant
nteraction terms for Indicators of Change were entered in Model
, regardless of their significance, to ensure that demographic
ariability across sites was appropriately controlled. Descriptive
tatistics for the variables examined in these analyses can be found
n Tables 1–3. The models reported below are the most parsimo-
ious and optimal according to Pearson’s �2 model comparisons
nd the Akaike’s Information Criterion (AIC), which is an indication
f goodness of fit.

. Results

Parallel analyses of predictors of each of the transformed Early
evelopment Instrument domain scores help to ascertain demo-
raphic and parent engagement factors associated with lack of
eadiness in the TFD context as well as whether the dose or intensity
f participation in TFD early childhood services matters. Informed
y a social ecological conceptual perspective of child development
Bronfenbrenner, 1979; Lerner et al., 2002), predictors were ana-
yzed ordered from those that were proximal to the child to those
hat were more distal. For the analyses of transformed EDI domain
cores, results for Model 3 are reported for physical health and
ell-being, language and cognitive development, and communi-

ation and general knowledge. Results for transformed EDI scores
or Model 2 are reported for the social competence and emotional

aturity domains. The final models reported for each domain were
ptimal in that all were significantly better than the null model
ithout predictors (p < .001) and offered reductions in AIC. Level of

ervice integration in Model 3 had no main effects or interactions
or any of the developmental domains tested.
.1. What are the predictors of lack of readiness in children’s level
f physical health and well-being?

Participation benefited children by reducing lack of readiness in
hysical health and well-being. In the final model (Model 3), after
0 11.00 3.84 2.87 0.935
0 9.57 3.07 1.97 0.956
0 8.67 3.15 1.53 0.926

accounting for demographic factors and parental motivations, the
dose or total number of hours in TFD early childhood services was a
significant negative predictor of lack of readiness in physical health
and well-being (Exp(B) = 0.999). A one hour increase in families’
total participation hours reduced lack of readiness by 0.01%. Thus,
a 100 h increase in participation reduces lack of readiness by 1%,
and a 1000 h increase in participation reduces lack of readiness by
10%, corresponding to a one point change on the 10 point physical
health and well-being scale.

Furthermore, parents’ goals for their children were predic-
tors of their development in physical health and well-being.
Children of parents who  reported a higher proportion of child-
centered goals were less unready in physical health and well-being
(Exp(B) = 0.694). A noteworthy interaction emerged in relation to
maternal education level and interest in school involvement. This
interaction was a significant predictor in Model 2, but not in the
final model selected (Model 3). However, there is converging evi-
dence relating to the effects of this interaction, since it appears
as a significant predictor of other domain-specific child develop-
ment outcomes. This interaction demonstrates that if a mother had
less education and if she reported no interest in school involve-
ment, her child was  at additional risk of lower readiness in physical
health and well-being. Interest in school involvement, which taps
into the home-school relationship, appears to act as a mechanism
influencing the effects of maternal education.

The results also demonstrated a significant main effect for JK/SK
status, after including interactions, whereby JKs were 60% less
unready in physical health and well-being (Exp(B) = 0.614), or in
other words, were advanced in physical development in compar-
ison to SKs. This counter intuitive effect must be interpreted with
caution because of the significant interaction between JK/SK status
and maternal education. In examining the transformed raw mean
physical health and well-being domain scores for JKs (Mean = 2.43)
vs. SKs (Mean = 2.21), as expected, SKs are higher in physical devel-
opment overall.

There was a significant interaction between JK/SK status and
maternal education (Exp(B) = 1.094), whereby, if a child was in JK,
maternal education did not have any influence on his or her phys-
ical health and well-being. In contrast, for children who were in
SK, higher maternal education predicted lower levels of lack of
readiness, or higher readiness in children’s physical health and
well-being.

A summary of the significant predictors of lack of children’s
physical health and well-being can be found in Table 4 and the
model comparisons are described in Appendix C of the Supplemen-
tary online material.

3.2. What are predictors of lack of readiness in children’s level of
language and cognitive development?

Participation benefited children’s language and cognitive devel-

opment by reducing lack of readiness. In the final model (Model 3),
the total number of hours of participation in TFD early childhood
services was a significant negative predictor of lack of readiness
(Exp(B) = 0.999), with the same effect size as for physical health
and well-being. Thus, a 100 h increase in participation reduces lack
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Table  4
Examining predictors of lack of readiness in physical health and well-being.

Independent variables entered B Std. Error of B Wald �2 Exp(B)

X2 Sig.

Model 3: Sets 1 + 2 + 3 Intercept 1.720 .602 8.173 .004
JK  −.487 .221 4.851 .028* 0.614
Female −.088 .070 1.593 .207 0.916
EL1  −.478 .441 1.172 .279 0.620
JK*EL1 .140 .166 .712 .399 1.150
2003Cohort .030 .231 .017 .895 1.030
JK*2003Cohort .184 .240 .591 .442 1.202
Maternal Ed’n −.184 .101 3.331 .068 0.832
JK*Maternal Ed’n .090 .037 5.808 .016* 1.094
Proportion child-centered goals −.366 .157 5.426 .020* 0.694
Interest in school involvement −.084 .058 2.058 .151 0.919
Maternal Ed’n*Interest school involvement .020 .011 3.675 .055 1.020
EL1*Interest school involvement −.010 .045 .055 .814 0.990
#Other programs used prior to TFD −.012 .018 .419 .518 0.988
Total  TFD participation −.000 .000 7.132 .008* 0.999
Indicators of Change .002 .008 .050 .823 1.002
EL1*Indicators of Change .006 .006 .980 .322 1.006
Maternal Ed’n* Indicators of Change .001 .001 .152 .697 1.001
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ote: Although Model 1 yielded an optimal model in model comparisons, Model 3 y
ffered  reductions in AIC. See online Supplementary materials for further informati

f readiness by 1%, and a 1000 h increase in participation reduces
ack of readiness by 10%.

Further, similar to the physical health and well-being domain,
 significant interaction for language and cognitive develop-
ent was found between JK/SK status and maternal education

Exp(B) = 1.084), whereby if a child was in JK, maternal education
id not have any significant influence on his or her language and
ognitive development. In contrast, for children who  were in SK, as
aternal education increased, her child’s language and cognitive

evelopment increased.
The results also demonstrated a significant main effect

hereby when maternal education increases by one level, chil-
ren are 70% less unready in language and cognitive development
Exp(B) = 0.773). Furthermore, there was a significant interaction
etween maternal education level and parental reports of interest

n school involvement (Exp(B) = 1.035), as well as a significant main
ffect for interest in school involvement. Parents who reported
igher levels of interest in school participation had children
ho were less unready in language and cognitive development

Exp(B) = 0.883). The significant interaction between maternal edu-
ation level and interest in school involvement shows that a child
s at greater cumulative risk for lack of readiness in language and
ognitive development outcomes if maternal education is lower
nd parents have less interest in school involvement. Thus, when
aternal education levels are low, interest in school involvement
ay  serve as a protective factor. Note that this interaction also

merged as a marginally significant predictor of outcomes in phys-
cal health and well-being.

A summary of the significant predictors of children’s language
nd cognitive development can be found in Table 5 and the model
omparisons are described in Appendix C of the Supplementary
nline material.

.3. What are predictors of lack of readiness in children’s level of
ommunication and general knowledge?
Participation benefited children’s communication and general
nowledge by reducing lack of readiness. In the results of the final
odel (Model 3), total hours of TFD participation negatively pre-

icted lack of readiness in this domain (Exp(B) = 0.999). The effect
ize for dose was the same as that found in the other domains of
3 1.302

 a significantly better model than the null model without predictors (p = .001) and

physical health and well-being and language and cognitive devel-
opment.

Further, a significant main effect was observed for maternal
education (Exp(B) = 0.761), whereby children whose mothers were
one level higher in education level, were 76% less unready in
communication and general knowledge. Similar to the language
and cognitive development and physical health and well-being
domains, a significant interaction for communication and general
knowledge was  observed between JK/SK status and maternal edu-
cation (Exp(B) = 1.116). If a child was in JK, maternal education
did not have any influence on his or her communication and gen-
eral knowledge. In contrast, for children who were in SK, higher
maternal education predicted lower levels of lack of readiness in
communication and general knowledge.

The results demonstrated a significant main effect for cohort, as
well as a significant JK/SK status by cohort interaction. The cohort
main effect implies that the SKs in the 2003 cohort were over 50%
less unready in communication and general knowledge than the
SKs in the 2005 cohort (Exp(B) = 0.570). However, the mean lack
of readiness in communication and general knowledge scores tell
a different story with the 2003 cohort showing greater average
lack of readiness (Mean = 4.18) in comparison with the 2005 cohort
(Mean = 3.72). There was a significant JK/SK status by cohort inter-
action (Exp(B) = 1.921). The JKs in the 2003 cohort were significantly
less ready than the JKs in the 2005 cohort. Between 2003 and 2005,
the gap in communication and general knowledge development
among JKs decreased. This may  be evidence of an implementation
effect.

A summary of the significant predictors of children’s communi-
cation and general knowledge can be found in Table 6 and the model
comparisons are described in Appendix C of the Supplementary
online material.

3.4. What are the predictors of lack of readiness in children’s level
of social competence?

The total hours of TFD participation was  not a significant pre-

dictor of lack of readiness in children’s level of social competence.
However, the results of the final model (Model 2) demonstrated
a significant main effect for maternal education, with mothers
who are one level higher in education level, having children who
are 90% less unready in social competence (Exp(B) = 0.900), or in



56 S. Patel et al. / Early Childhood Research Quarterly 35 (2016) 49–62

Table 5
Examining predictors of lack of readiness in language and cognitive development.

Independent variables entered B Std. error of B Wald �2 Exp(B)

X2 Sig.

Model 3: Sets 1 + 2 + 3 Intercept 1.207 .572 4.453 .035
JK  .051 .214 .057 .812 1.052
Female −.117 .067 3.029 .082 0.890
EL1  .383 .425 .813 .367 1.467
JK*EL1 .224 .161 1.940 .164 1.251
2003Cohort .342 .225 2.314 .128 1.408
JK*2003Cohort −.020 .231 .007 .932 0.980
Maternal Ed’n −.257 .097 6.978 .008* 0.773
JK*Maternal Ed’n .081 .036 5.106 .024* 1.084
Prop.  child-centered goals −.249 .157 2.514 .113 0.780
Interest in school involvement −.124 .058 4.623 .032* 0.883
Maternal Ed’n*Interest school involvement .034 .010 10.681 .001* 1.035
EL1*Interest school involvement −.039 .044 .788 .375 0.962
#Other programs used prior to TFD .005 .018 .081 .776 1.005
Total  TFD participation −.000 .000 3.929 .047* 0.999
Indicators of Change .013 .007 3.019 .082 1.013
EL1*Indicators of Change −.009 .005 2.804 .094 0.991
Maternal Ed’n* Indicators of Change .001 .001 .248 .619 1.001
(Scale) .243 .022 1.275

Note: Although Model 1 yielded an optimal model in model comparisons, Model 3 yielded a significantly better model than the null model without predictors (p = .000) and
offered reductions in AIC. See online Supplementary materials for further information.

Table 6
Examining predictors of lack of readiness in communication and general knowledge.

Independent variables entered B Std. error of B Wald �2 Exp(B)

�2 Sig.

Model 3: Sets 1 + 2 + 3 Intercept 2.807 .713 15.522 .000
JK  −.429 .266 2.611 .106 0.651
Female −.084 .083 1.022 .312 0.919
EL1  −.784 .534 2.158 .142 0.457
JK*EL1 .124 .203 .372 .542 1.132
2003Cohort −.562 .279 4.060 .044* 0.570
JK*2003Cohort .653 .289 5.112 .024* 1.921
Maternal Ed’n −.273 .119 5.288 .021* 0.761
JK*Maternal Ed’n .110 .045 6.035 .014* 1.116
Prop.  child-centered goals −.198 .199 .986 .321 0.820
Interest in school involvement −.052 .071 .552 .457 0.949
Maternal Ed’n*Interest school involvement .024 .013 3.267 .071 1.024
EL1*Interest school involvement −.080 .053 2.241 .134 0.923
#  Other programs used prior to TFD −.024 .022 1.217 .270 0.976
Total  TFD participation −.000 .000 15.925 .000* 0.999
Indicators of Change −.002 .009 .031 .859 0.998
EL1*Indicators of Change .003 .007 .220 .639 1.003
Maternal Ed’n* Indicators of Change .002 .001 .973 .324 1.002
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ote: Although Model 1 yielded an optimal model in model comparisons, Model 3 y
ffered reductions in AIC. See online Supplementary materials for further informati

ther words, are higher in social competence. Further, parents’
hild-centered goals mattered, with parents who reported a greater
roportion of child-centered goals having children who are lower

n lack of readiness in social competence (Exp(B) = 0.686).
Also notable is that a significant interaction for social com-

etence was found between interest in school involvement and
AL/EL1 status (Exp(B) = 0.882). For families who spoke English as

 first language, greater interest in school involvement was asso-
iated with significantly lower levels of lack of readiness in social
ompetence. For families who spoke English as an additional lan-
uage, greater interest in school involvement was not significantly
ssociated with social competence in children. Thus, EAL parents
ho reported more interest in school involvement at intake had

hildren who were rated lower in social competence at the time

f EDI administration. The significant interaction between EAL/EL1
tatus and interest in school involvement in the case of social com-
etence suggests that the protective effects of interest in linking
o schools operate differently for EAL vs. EL1 families, and further-
3 1.474

d a significantly better model than the null model without predictors (p = .000) and

more, that these effects operate differentially across some of the
EDI domains.

A summary of the significant predictors of children’s social com-
petence can be found in Table 7 and the model comparisons are
described in Appendix C of the Supplementary online material.

3.5. What are predictors of lack of readiness in children’s level of
emotional maturity?

The total hours of TFD participation was  not a significant pre-
dictor of lack of readiness in children’s level of emotional maturity.
However, the results of the final model (Model 2) demonstrated a

significant gender main effect (Exp(B) = 0.796), with females being
80% less unready in emotional maturity than males. Further, as the
parent reports of the number of other programs accessed prior
to TFD intake increased by one level, the children were 96% less
unready in emotional maturity (Exp(B) = 0.959).
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Table  7
Examining predictors of lack of readiness in social competence.

Independent variables entered B Std. error of B Wald �2 Exp(B)

�2 Sig.

Model 2: Sets 1 + 2 Intercept 1.837 .224 67.322 .000
JK  −.045 .233 .037 .847 0.956
Female −.111 .074 2.260 .133 0.895
EL1 −.061 .166 .135 .713 0.941
JK*EL1 .188 .170 1.226 .268 1.207
2003Cohort .286 .238 1.441 .230 1.331
JK*2003Cohort −.216 .259 .696 .404 0.806
Maternal Ed’n −.105 .039 7.397 .007* 0.900
JK*Maternal Ed’n .050 .038 1.699 .192 1.051
Proportion child-centered goals −.377 .168 5.031 .025* 0.686
Interest in school involvement −.001 .061 .000 .988 0.999
Maternal Ed’n*Interest school involvement .016 .011 1.993 .158 1.016
EL1*Interest school involvement −.125 .047 7.051 .008* 0.882
#Other programs used prior to TFD −.033 .020 2.770 .096 0.968
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ote: Although Model 1 yielded an optimal model according to model comparison
p  = .000) and offered substantial reduction in AIC. See online Supplementary mater

As was the case in findings on social competence, a signif-
cant interaction for emotional maturity was found in Model 3
etween interest in school involvement and EAL/EL1 status. For
amilies who spoke English as a first language, greater interest
n school involvement was correlated with higher levels of emo-
ional maturity in children. For families who spoke English as an
dditional language, greater interest in school involvement was
ot significantly associated with emotional maturity in children.
he significant interaction between EAL/EL1 status and interest in
chool involvement in examining predictors of emotional maturity
uggests that the protective effects of parents’ interest in school
nvolvement operate differently for EAL vs. EL1 families, and fur-
hermore, that these effects operate differentially across some of
he EDI domains.

A summary of the significant predictors of children’s emotional
aturity can be found in Table 8 and the model comparisons are

escribed in Appendix C of the Supplementary online material.

. Discussion

.1. Program intensity matters

From a social ecological perspective (Bronfenbrenner, 1979),
omprehensive community initiatives are aimed at supporting the
hild’s holistic development; thus, the individual is the unit of
ntervention. From a population health perspective (Dunn & Hayes,
999; Geddes et al., 2014; Rose, 1992), the aim of programs is to
educe inequities by improving child development outcomes at a
opulation level; the community is the level of intervention. Simi-

arly, research can investigate children’s developmental outcomes
t the community and individual levels.

The findings from the present study reveal dose effects for
ndividuals, complementing the earlier community-level group
omparisons from the same Toronto First Duty project. At the
ommunity level, previous studies comparing TFD and matched
ommunity sites included all children across TFD sites, regardless
f the duration or intensity with which families participated in
FD services. Results showed that TFD programming was associ-
ted with modest improvements in emotional maturity and social
ompetence on the EDI. While it is hard to make specificity argu-

ents (Reynolds, 2004a) with respect to the effects of integrated

ervices initiatives with broad programming content, group-level
ffects for social and emotional development in the TFD case are
onsistent with the program design and implementation, includ-
ng professional development with a focus on social and emotional
7 1.365

del 2 yielded a significantly better model than the null model without predictors
r further information.

development in child care and kindergarten classrooms (Corter
et al., 2008). Since all children in TFD assessed by the EDI were in
kindergarten classrooms, whatever their additional program hours
were, it is possible that effects of TFD programming operated at a
group level, particularly since social and emotional development
are strongly influenced by the collective peer environment.

In contrast to the community comparisons described above, the
present study examined within-group effects of dose at the indi-
vidual level across the five TFD sites to assess whether the intensity
of participation influences children’s domain-specific developmen-
tal outcomes. The individual-level dose effects found in this study
suggest that the number of hours of participation in integrated
early childhood services did influence children’s outcomes in three
domains: physical health and well-being, language and cognitive
development, and communication and general knowledge, after
taking into consideration demographic, parent, and site factors.

Other studies have generally investigated the role of participa-
tion primarily through examination of duration (years or months),
through comparisons of high “dose” participation and low “dose”
participation groups, as well as comparisons of a program group
with a control group. Only a few studies have looked at more fine-
grained participation metrics in early childhood programs, such as
number of sessions in the UK EPPE study of various early childhood
program types (Sylva et al., 2004). This is the first study of integrated
early childhood services investigating dose-response relations, or
whether the cumulative number of hours of participation influ-
ences children’s developmental outcomes.

Domain-specific child development outcomes varied in the
degree to which they were predicted by the number of hours of
participation in TFD early childhood services. Dose of TFD services
was a significant predictor of three domains of the EDI; namely,
children’s physical health and well-being, language and cognitive
development, and communication and general knowledge. The
participation data were positively skewed, with the mean hours of
participation of families investigated in this study being 780 h per
child. A 100 h increase in participation reduced lack of readiness by
1%, and a 1000 h increase in participation reduced lack of readiness
by 10%, which corresponds to a one point improvement on the 10
point physical health and well-being, language and cognitive devel-
opment, and communication and general knowledge domains. The
dose effects on all three domains were linear and therefore consis-

tent with gradient effects, rather than ceiling or threshold effects
(Nicholson et al., 2010). Note too that none of the dose effects were
qualified by interactions of the dose factor with other sociodemo-
graphic factors. It is notable that these dose effects emerged in the
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Table 8
Examining predictors of lack of readiness in emotional maturity.

Independent variables entered B Std. error of B Wald �2 Exp(B)

�2 Sig.

Model 2: Sets 1 + 2 Intercept 1.494 .183 66.496 .000
JK  −.020 .187 .012 .913 0.980
Female −.228 .059 14.773 .000* 0.796
EL1  −.032 .131 .059 .808 0.969
JK*EL1 .111 .135 .670 .413 1.117
2003Cohort .294 .189 2.422 .120 1.342
JK*2003Cohort −.162 .206 .620 .431 0.850
Maternal Ed’n −.033 .031 1.155 .283 0.968
JK*Maternal Ed’n .025 .031 .659 .417 1.025
Proportion child-centered goals −.119 .136 .760 .383 0.888
Interest in school involvement .020 .049 .161 .689 1.020
Maternal Ed’n*Interest school involvement .004 .009 .194 .660 1.004
EL1*Interest school involvement −.063 .038 2.811 .094 0.939
#Other programs used prior to TFD −.042 .016 6.848 .009* 0.959
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ote: Although Model 1 yielded an optimal model according to model comparison
p  = .000) and offered substantial reduction in AIC. See online Supplementary mater

nalyses after accounting for ecological complexities. These factors
ncluded demographic characteristics and parental motivations in
ervice use, and the interactions of these factors, which undoubt-
dly affect service utilization and child outcomes.

.2. Ecological complexities

Investigating the predictors of children’s developmental out-
omes highlighted the ecological complexities associated with
hild development in the TFD context. It is important to note that
emographic variables predicted each of the domain-specific child
evelopment outcomes in different ways, with unique interactions.
aternal education predicted children’s social competence, lan-

uage and cognitive development, and communication and general
nowledge. Maternal education is treated as a proxy for unmea-
ured variables such as potential financial resources, quality of
arenting, and home early learning environment.

Additionally, a significant interaction was found between
aternal education and JK/SK status. Specifically, for children in

K, maternal education did not have a significant influence on
evelopmental domains, but for children in SK, higher maternal
ducation significantly predicted stronger development in three of
ve domains (physical health and well-being, language and cogni-
ion, and communication and general knowledge). This is further
vidence that socioeconomic gaps in academic achievement have
oots in early child development and begin to accelerate during the
ransition years to school. This pattern is consistent with the find-
ngs that socioeconomic gaps in child development and academic
chievement in areas such as language and literacy skill widen with
ge (Chatterji, 2006; Melhuish, 2010).

At the mesosystem level, various aspects of parents’ engage-
ent with services were also predictors of children’s outcomes.

he proportion of child-centered goals reported by parents at pro-
ram entry was a significant positive predictor of children’s social
ompetence and physical health and well-being. Parents’ level of
nterest in school involvement was a significant predictor of chil-
ren’s language and cognitive development. However, the findings
n interest in school involvement were qualified by interactions
ith demographic variables. For example, there was a significant

nteraction between parents’ level of interest in school involve-

ent and maternal education in predicting children’s language and

ognitive development outcomes. This interaction suggests that
 child is at greater risk for lower levels of language and cogni-
ive development if his or her mother has a lower education level,
nd the parent reports less interest in school involvement. Thus,
8 1.220

del 2 yielded a significantly better model than the null model without predictors
r further information.

when maternal education level is low, interest in school involve-
ment may  serve as a protective factor. Further, relating to children’s
social competence, a significant interaction was  found between lan-
guage status and parents’ interest in involvement in the school. For
families who spoke English as a first language, greater interest in
school involvement was  associated with significantly higher lev-
els of social competence in children. Conversely, for families who
spoke English as an additional language, greater parental interest
in school involvement was  correlated with lower levels of social
competence in children. Perhaps families who  spoke English as an
additional language were more likely to report interest in school
involvement if they were concerned about their child’s socioe-
motional adjustment. Thus, families’ reasons for operating in the
mesosystem between home and school may  vary by family char-
acteristics and parental role construction. Together these findings
highlight the complexities of the effects of potential mediating (par-
ents’ child-centeredness, parents’ interest in school involvement)
and moderating (maternal education, language status) factors on
children’s developmental outcomes, with parent engagement vari-
ables acting as protective factors on children’s developmental
outcomes.

Moving beyond family demographic characteristics and parent
engagement to the variations across sites, we  failed to find any main
effects or interactions in relation to level of service integration,
as measured by the Indicators of Change Instrument. This instru-
ment assessed integration levels across five dimensions spanning
the ecological levels of the microsystem (early learning environ-
ment and staff team), the mesosystem (parent involvement and
seamless access), and the exosystem (governance). Since our find-
ings and those of others had shown positive association between
service integration levels and program quality assessments (Corter
et al., 2009; Melhuish et al., 2007), we  had expected that the overall
integration level would predict child outcomes via direct and indi-
rect effects on quality of the microsystem service environments
for children (e.g., classrooms, parent–child centers). However, an
important limiting factor in our analysis was  the relatively small
variation in quality of microsystems across the sites with all rat-
ings in the good to excellent range on the ECERS-R (Corter et al.,
2006).

Broadly speaking, the dose-response results in this study fit
the general conclusion in the literature that experience with high-

quality early childhood programming, including child care and
other preschool program types, helps foster cognitive, commu-
nication, and language gains (Cleveland et al., 2006; Sylva et al.,
2004). The dose-response results also align with the findings from
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esearch investigating comprehensive, integrated early childhood
rograms (Campbell, Pungello, Miller-Johnson, Burchinal, & Ramey,
001; Reynolds, 2004a; Reynolds et al., 2014). Note that “experi-
nce” in these studies is not defined in terms of graded intensity as
t is in the present study. Beyond this general correspondence with
he literature on program benefits for cognition, language and com-

unication, the finding of dose effects on physical development
lso corresponds to recent findings. Studies of comprehensive early
hildhood programs have pointed to both short-term (Reynolds
t al., 2014) and long-term physical health effects (Belfield & Kelly,
013). In the current study, the dose effects extend beyond health
ince the EDI physical health and well-being domain includes items
n energy level, physical independence, and motor abilities. While
ealth and physical development “programming” was not explicit

n TFD, other elements may  have fostered physical development
nd healthy well-being. These elements included active play, which
as an important part of the TFD high-quality early childhood pro-

ramming, along with the act of ‘getting out to programs’ from the
onfines of the home, and the programming supports for parents.

Although the five domains of the EDI are thought to repre-
ent the construct of children’s school “readiness” broadly speaking
Janus & Offord, 2007), this study provides evidence of the eco-
ogical complexities of school readiness, with each of the domains
perating differently. We  know from the analysis of early develop-
ent in general, that outcomes and mechanisms are rarely ever

he result of a single set of factors or a single factor (Feinstein
 Peck, 2008). Even after attempting to control and account for

nteractions between sociodemographic characteristics and child,
arent, and site factors, it is not possible to examine all relevant
lements of the social ecology, as the present study is limited by
he data that were available. Further, even when interactions are
ontrolled for statistically, they are thought to be a weak mathe-
atical approximation of the complexity of the dynamic processes

f real interaction (Feinstein & Peck, 2008). Without the knowledge
f higher order interactions, it is hard to get a convincing picture of
ose-response relations in early childhood programs. Considering
he complexities of the child’s social ecology – the potential mod-
rating and mediating demographic, parent, and site factors – is
mperative. There are dangers in oversimplification.

.3. Policy implications

The TFD model was designed as a universal platform of kinder-
arten with additional integrated early childhood services available
o all children and parents in a community. While it was intended
o benefit development of all children, it also was  intended to
educe inequities in service uptake and outcomes for all children.
n this context, the finding that the effects of dose were unquali-
ed by demographic characteristics is important. On the one hand,

t provides evidence of the universal value of the model with par-
icipation benefits for all children, regardless of sociodemographic
ackground. On the other hand, it also shows the value of the model
or equity in effectiveness and outcomes since higher participation
ntensity worked equally well for children who speak a minority
anguage, once enrolled. In fact, other data from TFD show that the
ntegrated service array was successful in attracting and retaining

arginalized families who were previously underrepresented in
tand-alone early childhood programs, but who enrolled and par-
icipated in TFD at the same levels as other families (Patel & Corter,
012). Nevertheless, the findings from the present study also sug-
est that gaps in children’s development based on socioeconomic

evels widen between junior and senior kindergarten, as has been
ound in other research following children beyond early childhood
rograms (Melhuish, 2010).

This study illustrates that fine-grained measurement of par-
icipation, or in this case dose of cumulative program hours, is
ch Quarterly 35 (2016) 49–62 59

an important metric when services are elective or attendance is
highly variable. For the TFD initiative, fuller understanding of pro-
gram effectiveness in supporting different developmental domains
came from supplementing quasi-experimental program evaluation
with dose analyses. The dose analyses employed in this study also
reduce the potential for rater bias in measures like the EDI. In quasi-
experimental comparisons, greater teacher personal investments
in a program could lead to higher ratings as compared to teacher
ratings in control sites (Corter et al., 2008; Pianta et al., 1995).

In addition to its role in formal evaluation, dose monitoring
could also be used in ongoing assessment for continuous program
improvement and attention to individual families who may  need
additional participation supports. In the implementation of the TFD
model, feedback to sites on participation levels, EDI patterns, and
program quality were all part of continuous program improvement
efforts (Corter et al., 2007; Corter et al., 2008).

The current study does not answer the question of how to opti-
mize cumulative hours in order to boost development. However, it
does point to the OECD-recommended blending of child care and
kindergarten education as an efficient means for increasing time
spent in high-quality early childhood settings. In TFD, child care
contributed more hours to the cumulative total than any of the
other integrated services that were additional to kindergarten. In
fact, following the appearance of early evidence from TFD on the
feasibility and potential value of service integration for child devel-
opment, the Province of Ontario established and funded universal
full-day kindergarten, with child care and teaching professionals
collaborating to deliver early learning and care (Pelletier, 2014).

The results from the present study demonstrated the impor-
tance of parental goals in children’s developmental outcomes.
These findings also have policy implications in that they suggest
that attention should be paid in building and supporting parental
motivation for service use across the mesosystem as part of an
integrated approach, while paying attention to what families want
(Patel et al., 2008). Evidence shows that integration of parent and
child programming contributes to longer-term effects on parenting,
which may  contribute to long-term benefits for children (Reynolds,
2004a; Peters et al., 2010). The findings from TFD suggest that pro-
gramming for parents should go beyond building parenting skills
to include assessing and supporting parents’ motivations and goals
and building capacity for engagement (Patel et al., 2008; Patel &
Corter, 2013).

4.4. Limitations and future directions

There are important methodological limitations as well as
strengths in the approaches chosen for the analyses in this study.
Using statistical techniques that appropriately account for the dis-
tribution of the dependent variables is a necessity. The present
study has avoided model misspecification, which would result
from using ordinary least squares (OLS) techniques such as multi-
ple regression. However, no matter what the statistical technique,
there is the concern that estimations of the average relations
between measures can mask underlying patterns of continuity
and discontinuity that may  occur for subgroups of the population
(Feinstein & Peck, 2008). Furthermore, it is impossible to avoid ran-
dom error and measurement issues with measures such as those
used in this study. For example, the EDI is a teacher-report measure
and is subject to potential teacher bias in reporting (Corter et al.,
2008; Pianta et al., 1995).

Although the total site level Indicators of Change integration

scores appeared to provide objective assessment of integration lev-
els and have been found to correlate with program quality measures
on the ECERS-R (Corter et al., 2009), there are challenges associ-
ated with validation due to the complex and amorphous nature of
the construct of integration (Corter et al., 2009). Nevertheless, the
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ndicators of Change is only one of the many possible site level vari-
bles which may  influence outcomes, as we know from research on
ommunity level factors in early development (Leventhal & Brooks-
unn, 2000).

In relation to the Intake and Tracking system, there was room for
rror in the manual data entry of daily participation that site staff
ade time for in the face of competing priorities. We  do not have

ndependent estimates on the reliability of the resulting partici-
ation data. Note too, that treating tracking data on participation
s a global measure of hours in TFD optional programs neglected
he possibility that participation in different program types might
how different relations to both predictors and child outcomes. The
ecision to analyze participation as a global measure was dictated
artly by the uneven distribution of participants and hours across
rogram category types; some categories did not have sufficient
umbers of participants for meaningful analysis. There was vari-
tion in the way the intake form was administered to parents: it
as available in English and required translation assistance by staff

hrough intake interviews on an “as needed” basis. Although the
ntake form asked demographic questions about parents’ educa-
ion levels, employment status, goals, prior service use, interests
n involvement, among other details, the form did not report who
lled it out (i.e., mother, father, grandparent, etc.).

A final limitation of the present study was the sample size.
espite the large number of families in the full Intake and Tracking
atabase accumulated over a number of years (N = 2,643), the linked
ataset sample was a much smaller subset. The EDI data were not
vailable across all years of the TFD Project, and even when the data
ere available, family mobility further reduced the number of chil-
ren who ended up attending kindergarten in schools where they
ad earlier attended TFD early childhood programming. Neverthe-

ess, the subset of children in these analyses appeared to be a match
or the larger population of participants in terms of demographic
actors. In addition, by controlling child factors and testing the
nteractions between the independent variables and both mater-
al education level and English as an additional language status in
ach of the analyses, important aspects of potential selection bias
ere controlled.

Future research investigating the role of participation in inte-
rated services in children’s developmental outcomes should
nvestigate the specific service uptake patterns (Leventhal, Brooks-
unn, McCormick, & McCarton, 2000; Mahoney, Lord, & Carryl,
005) to understand different types of “dose” participation inten-
ity, and the array of services and programs utilized by children and
amilies.

. Conclusion

The present study breaks new ground by analyzing dose-
esponse relations between intensity of participation in school-
ased integrated early childhood services and children’s devel-
pmental outcomes. It employed a generalized linear modeling
pproach to analyses, a relatively recent analytic technique. The
esults demonstrated that participation in integrated early child-
ood services has the potential to reduce disparities in children’s
evelopmental outcomes, while benefiting all children regardless
f background. Demographic, parenting, and site factors predicted
ach of the domain-specific child development outcomes in differ-
nt ways, with parenting variables acting as protective factors on
hildren’s developmental outcomes. Considering the complexities

f the child’s social ecology – the potential moderating and medi-
ting demographic, parenting, and site factors – is an important
hallenge for future research. There are dangers in oversimplifica-
ion as we move to understand the processes by which program
articipation and parenting affect children’s outcomes. This study
ch Quarterly 35 (2016) 49–62

provides evidence that offering a variety of early childhood services
using an integrated platform, as in the TFD project, has potential in
supporting the “whole child” during the transition to school across
the various domains of early development.
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