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Abstract

In recent years, there has been increased attention regarding systems-level implementation to support the sustained use
of evidence-based interventions and supports in authentic early childhood settings. With this comes a need to accurately
measure implementation fidelity of the critical features within a framework as well as individual practices. Program-Wide
Support for Pyramid Model Implementation (PVWS-PMI) provides an approach for early childhood programs to develop
such a framework that can underpin evidence-based practices in their classrooms. This article describes an evaluation of
the technical properties of the Supporting Program-wide Implementation Fidelity Instrument (SPIFI), a fidelity tool that was
developed to be used by typical evaluators to measure PWS-PMI in these settings. Findings suggest that the instrument
reliably demonstrated construct validity when used by typical evaluators to assess PWS-PMI and provides initial validation

of the SPIFI as an objective measure for use in evaluative research and technical assistance.
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Effectively measuring and interpreting implementation fidel-
ity is critical for replicating quality practices (Fixsen et al.,
2005; Wasik et al., 2013). With the high numbers of expul-
sions, suspensions, and exclusionary practices that dispropor-
tionately impact children of color and with disabilities in early
childhood settings (Meek & Gilliam, 2016), both educators
and policymakers increasingly recognize the need for ensur-
ing implementation fidelity of effective practices to support
young children’s social-emotional growth and address chal-
lenging behavior (U.S. Department of Health and Human
Services and U.S. Department of Education, 2014).

The Pyramid Model (Fox et al., 2003; Snyder et al., 2022)
was developed to guide early educators on evidence-based
practices that promote social-emotional development and
address challenging behavior in young children. The Pyramid
Model is a multitiered framework built on evidence-based
practices related to teaching social-emotional skills
(Domitrovich et al., 2012), implementing positive behavior
supports (Blair et al., 2010), and providing instruction in early
childhood settings (Burchinal et al., 2010). The Pyramid
Model has been examined in two randomized controlled trials
(Hemmeter et al., 2016, 2021) in which preschool teachers
received training and coaching to implement Pyramid Model
practices. In both studies, implementation was associated with
improved social skills for all children, and improved social

skills and decreased challenging behavior in children identi-
fied as having social, emotional, or behavioral concerns at the
onset of the study. The variation in the teachers’ implementa-
tion of the model and the positive correlation between class-
room implementation and improved outcomes led researchers
to conclude that programs should develop systems to facilitate
implementation using a model of program-wide support (Fox
& Hemmeter, 2009; Hemmeter et al., 2013). Through pro-
gram-wide support for the Pyramid Model, programs develop
systems to reduce variation and increase fidelity of implemen-
tation at the program, classroom, and individual levels (Fox &
Hemmeter, 2009). Similar to systemic efforts in supporting
Positive Behavior Interventions and Supports (PBIS) in
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school-age populations, program-wide efforts are designed
to sustain and scale-up implementation of the framework
(Sugai & Horner, 2002).

Implementation science recognizes that core systemic
components (i.e., implementation drivers) contribute to
both building and sustaining systemic support for desired
practices in authentic settings (Fixsen et al., 2009; Metz
et al., 2015). In early childhood systems, there are unique
features that can and often do affect sustained implementa-
tion of the Pyramid model, including (a) staff capacity and
support, (b) administrative competency in approaches to
systemic implementation, (c¢) the developmental needs of
preschool-age children, and (d) financial constraints (Fox &
Hemmeter, 2009). A program-wide approach to implement-
ing the Pyramid Model encompasses several key imple-
mentation drivers, including (a) a teaming structure and
activities that involve professionals (e.g., therapists, behav-
ior specialists); (b) active engagement with families around
program-wide practices and individual child supports; (c)
ongoing assessment and use of data to examine behavioral
policies; (d) staff support, guidance, and buy-in related to
implementation; and (e) ongoing professional development
that includes classroom coaching (Quesenberry et al.,
2011). The leadership team is composed of administrators,
teachers, other professionals (e.g., therapist, coach, behav-
ior specialist), and family members (Fox & Hemmeter,
2009) to guide the program using ongoing data related to
both implementation and outcomes. These data inform
decisions related to staff support and professional develop-
ment. Although there are several valid fidelity measures of
early childhood classroom and program practices, there are
no validated, objective, and comprehensive measures of the
overarching, program-wide systemic drivers that facilitate
these practices.

Systemic Measurement for Pyramid Model

Two tools have been developed to assess implementation of
the Pyramid Model in early childhood settings. The Early
Childhood Program-wide PBS Benchmarks of Quality
(ECBoQ; Fox et al., 2017) provides a team tool to self-
assess Pyramid Model implementation. The ECBoQ, how-
ever, does not provide an objective and reliable measure of
systems implementation fidelity. The Preschool-wide
Evaluation Tool (PreSET) evaluates critical universal fea-
tures of PBIS implementation in early childhood programs
(Steed et al., 2012); however, it does not reflect some of the
most recent conceptualization of systems change and mech-
anisms that enable and sustain these changes (e.g., teaming
structures and procedures; bidirectional engagement with
staff and families; and multilevel data collection, analysis,
and response) or mechanisms that facilitate more targeted
and individualized intervention.

The Supporting Program-wide Implementation Fidelity
Instrument (SPIFI) was developed as an objective measure
to assess implementation fidelity related to critical features
for building and sustaining the Pyramid Model in early
childhood programs. The SPIFI focuses on program-wide
implementation for a systemic framework that researchers
(Durlak, 2016) have highlighted as critical for scale-up. The
SPIFI provides a comprehensive assessment of the features
needed for full implementation of all tiers (i.e., universal,
targeted, and tertiary levels) of the Pyramid Model. In addi-
tion to procedures related to quality behavior support and
intervention, the SPIFI includes indices related to leader-
ship team practices, staff buy-in, strategies to support and
promote family involvement, support for program-wide
expectations, systems for designing and delivering effective
interventions to children with social-emotional concerns
and persistent challenging behavior, professional develop-
ment and staff support, and data-based decision-making
that includes implementation and behavior measures.

Method

The development and evaluation of the SPIFI occurred in
three phases: (a) developing indicators, (b) obtaining feed-
back from experts, and (c¢) gathering data from actual
programs.

SPIFI Development

The SPIFI was developed as part of a U.S. Department of
Education grant-funded effort by the first four authors in
consultation with five national experts in the areas of early
childhood education, positive behavior support, and pro-
gram-wide implementation of the Pyramid Model. The ini-
tial instrument reflected program features that were
identified as necessary and beneficial for sustained imple-
mentation of Pyramid Model practices. In the initial draft,
there were 77 total items identified that represented the
indicators of implementation across nine domains: (a) lead-
ership team composition (e.g., roles of members), (b) lead-
ership team activities (e.g., frequency of meeting, action
planning), (c) staff buy-in (e.g., orientation, ongoing data
related to buy-in), (d) development and implementation of
program-wide expectations (e.g., process for development,
teaching), (e) procedures for developing behavior support
plans, (f) staff support plan (e.g., professional development,
coaching), (g) family engagement around the program-wide
plan (e.g., input on expectations, ongoing bidirectional
communication), (h) family engagement related to supports
for individual children (e.g., involvement in planning), and
(i) data-based decision-making (e.g., implementation data,
outcome data). Once the domains and indicators were fully
developed, the authors developed methods (e.g., interview,
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observation, record review) for extracting data to reliably
score the tool. Fifteen sources of evidence were present in
this draft version: three interviews, two observations, and
10 permanent products. The team sought input from the
national expert panel on the scope of the indicators and how
accurately they represent program-wide implementation,
sources of evidence, scoring criteria, balance of weighting,
and ability to differentiate between levels of implementa-
tion using the instrument. The expert panelists suggested
additional indicators, reframing of indicators within each
domain, and guidance on scoring indicators and additional
sources of evidence. These suggestions were integrated into
a revised draft.

The researchers shared the refined draft tool with five
experts who had extensive experience coaching early child-
hood program staff to implement Pyramid Model and pro-
viding ongoing monitoring of program performance.
Cognitive interviewing was used with the experts to assess
the understandability and usability of the SPIFI and to
ensure minimal errors in interpreting individual indicators
(Willis, 2004). These interviews were conducted using the
“think aloud” technique, in which the interviewee was
asked to vocalize their thoughts while responding to each
indicator. When all interviews were completed, results were
reviewed with the research team to determine necessary
changes to the SPIFI and related documents.

The resulting SPIFI utilizes a multimodal evaluation
process that includes three sources of evidence: interviews,
observations, and permanent product review. To increase
the reliability of the ratings, the procedures are documented
in a 66-page manual that also includes a scoring guide, scor-
ing sheets, permanent product rating forms, and interview
and observation forms. The instrument has 82 indicators
related to the aforementioned nine domains (see Table 1).
The increased number of indicators reflected a recognized
need to separate some of the earlier indicators that looked at
the presence of multiple mechanisms and to further clarify
specific activities that were attributed to implementation
within each domain. The indicators are arranged in a hierar-
chical fashion within each domain with seven to 12 indica-
tors per domain. The guide describes how to conduct
interviews, observations, and product reviews and how to
use the information to score indicators.

Psychometric Integrity Study of the SPIFI

To assess the generalizability, robustness, and range of
applicability of the SPIFI protocols and procedures as spec-
ified in the data collection manual, we collected data in a
diverse group of early childhood programs. The psychomet-
ric integrity study of the SPIFI used data from 16 early
childhood programs that participated in a randomized con-
trol trial in two large metropolitan areas in the southeast

United States. These programs were participating in a larger
pilot study examining the effectiveness of an intervention to
implement systems that facilitate program-wide support for
Pyramid Model implementation (PWS-PMI; Hemmeter
et al., 2022). Project staff collected SPIFI data from partici-
pating control and intervention early childhood programs 3
times over the course of 1 year. The assignment of the pro-
grams to treatment or control was anonymized to the project
staff collecting the data.

Evaluator training. All evaluators received a draft version of
the protocol 2 weeks prior to training. They then partici-
pated in a 2-hr training on procedures for data collection
and scoring with a draft version of the tool and scoring
guide. Following training, evaluators had an opportunity to
practice data collection at a local site and then debrief and
discuss the methods and procedures. Following the initial
training and practice session, evaluators conducted live
observations until 80% interrater agreement was reached.

Primary measure

SPIFI. SPIFI data collection involves between 2 and 4 hr
of on-site time by the evaluator who visited each site before
the school day began and then completed all on-site evalua-
tion that day or in a subsequent visit less than 1 week later.
The evaluation began with the administrator interview.
Other interviews (with teachers, coaches, behavior support
staff) occurred when it was convenient for the interview-
ees. The program observation occurred at a time when there
were children in common areas and classroom observations
were scheduled at convenient times for teachers. Adding to
interviews and observations, evaluators reviewed the fol-
lowing permanent products when available (e.g., behavior
support plans, coaching notes, family engagement products,
staff poll, training log, team meeting minutes). Data across
these sources were summarized in the Document Review
section of the SPIFI.

The SPIFI Scoring Indicators and Clarifications pro-
vided guidance for how to score each of the indicators as
present or absent. Each domain included indicators in four
columns, arranged from insufficient implementation to full
implementation. Once indicators were scored, evaluators
were able to tabulate the domain score on a scale of 1 to 7.
A score of 1 indicates “Insufficient Implementation,” 3
indicates “Emerging Implementation,” 5 indicates “Partial
Implementation,” and 7 indicates “Full Implementation.” If
indicators that were lower in the hierarchy were marked as
absent, then rating would be attributed to the highest level
of implementation that was marked as present. If all items
were present in a lower level and the majority, but not all
indicators, in a higher level were present, then the domain
would receive the intermediate score (e.g., all indicators in
Level 3 and half in Level 5 would warrant a score of 4).
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Table |. Average Scores for Overall SPIFI and for Each Indicator Across Domains

) ©) )
p value Both
Measure & domain Wave | Wave 2 (Wave | vs. Wave 2 of pilot sample) waves
Overall SPIFI scores
Sum of all items 12.3 19.7 .0087 15.8
(Possible range: 9-63) (3.13) (10.4) (8.23)
Sum of All Indicators 12.4 283 018 19.9
(Possible range: 0-82) (8.82) (24.4) (19.3)
Scores per domain (Possible range: 1-7)
Domain |: Leadership team 1.06 2.10 .037 1.55
(0.24) (1.96) (1.43)
Domain 2: Leadership team I 2.20 .0088 1.56
activities 0) (1.77) (1.34)
Domain 3: Staff buy-in I 2 .0025 1.47
0) (1.25) (0.98)
Domain 4: Program-wide 1.24 2.40 .0060 1.78
expectations (0.66) (1.47) (1.24)
Domain 5: Behavior support 1.56 2.10 21 1.81
plan (0.98) (1.38) (1.20)
Domain 6: Staff support plan I 2.10 .0023 1.52
0) (1.37) (1.07)
Domain 7: Family engagement I 2.07 .022 1.50
0) (1.82) (1.34)
Domain 8: Family engagement 341 3.40 99 341
in individual students (2.00) (2.27) (2.10)
Domain 9: Data-based 1.03 1.33 .027 .17
decision-making 0.12) (0.52) (0.39)
Observations 17 I5 32

Note. Standard deviations in parentheses. p values in the third column are from t tests comparing Waves | and 2 of the pilot study sample.

SPIFI = Supporting Program-wide Implementation Fidelity Instrument.

Measures used for validity assessment

Teaching pyramid observation tool (TPOT). The TPOT (Fox
et al.,, 2014) measures use of Pyramid Model practices by
teachers. The TPOT is sensitive to changes in teachers’ prac-
tices related to the Pyramid Model (Snyder et al., 2013). A
generalizability theory study (G-study; Shavelson & Webb,
1991) with 50 preschool classrooms showed minimal error
variance (5%) attributed to occasions and raters and a .97
generalizability coefficient.

Classroom assessment scoring system (CLASS). The CLASS
(Pianta et al., 2008) instrument examines the quality of
teacher—child interactions in the classroom. Composite
domain scores on the CLASS range from 1 to 7 and inter-
rater score reliability range from 78.8 to 96.9. Internal
consistency score reliability estimates range from .79 to
.91 in preschool classrooms. Confirmatory factor analy-
ses, using data from five samples, support the theoretical
structure of the measure. Structure coefficients ranged
from .69 to .96. Goodness-of-fit indices ranged from .89

to .97 across samples and comparative fit indices ranged
from .93 to .96.

PreSET. The PreSET (Steed et al., 2012) evaluates the
fidelity of the universal PBIS practices in early childhood
settings. The range of scale scores for PreSET is 0 to 100
and scores indicate the percentage of indicators observed
within each subscale. These scale scores are standardized
with a mean of 0 and a standard deviation of 1. Interrater
reliability (IRR) yielded an agreement of 95% and an over-
all k value of .80 with good internal consistency (o = .91)
and strong indicator-subscale correlations (mean of .56 and
a median of .58; Steed & Webb, 2013).

Demographics. We used a questionnaire to ask program
leaders to document the number of (a) children per class-
room, (b) number with an Individualized Education Pro-
gram (IEP) or Individualized Family Service Plan (IFSP),
(¢) number who were multilanguage learners, (d) number
with tuition fees, (¢) number in Head Start/EHS, and (f)
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number by gender and race. The questionnaire also asked
teachers their race, ethnicity, background, years of experi-
ence, and social emotional curricula used.

Data collection procedures. SPIFI data were conducted with
pilot study programs prior to leadership team training
(Wave 1) and again 6 months after an external coach had
worked with the program (Wave 2). For a randomly selected
subsample of pilot site visits (25%), a second observer par-
ticipated in the SPIFI data collection and independently
scored the SPIFI.

Evaluators collected the SPIFI data as prescribed above.
Evaluators began with the director interview, which pro-
vided information about program operations and expecta-
tions that informed other interviews and observations.
Classroom observations and program observation occurred
while children and adults were engaged in group and indi-
vidual activities. Interviews were scheduled when teachers
and staff were available across the half-day. All SPIFI data
collection was conducted on-site except for the family
interviews, which were conducted by phone or in-person
fewer than 2 weeks following the on-site data collection.
Programs with complete SPIFI and demographic data were
included. The TPOT, CLASS, and PreSET data used in this
study were collected for all sites in the pilot study in the
same month as the SPIFI.

Data analysis procedures. We incorporated descriptions of
statistical analysis methods into the “Results” section to
better connect the analytic decisions with findings. As the
SPIFI is a program-level fidelity of implementation instru-
ment (Fox et al., 2003; Hemmeter et al., 2016), each pro-
gram serves as a unit of primary analytic interest. We used
the SPIFI data from the pilot study sample to examine IRR
and conduct exploratory factor analyses (EFAs) of the
underlying latent constructs measured by the SPIFI. Then,
using classroom-level data, we assessed convergent validity
using hierarchical linear models to estimate the association
between SPIFI scores and other program-wide implementa-
tion measures (e.g., PreSET) and classroom measures of
related constructs (e.g., CLASS, TPOT). Factor analyses
and multilevel models used to assess convergent validity
were estimated using Stata 15 (StataCorp, 2017). IRR mea-
sures were estimated using the irr package in R (Gamer
etal., 2010).

Results

Descriptive Program Characteristics

Complete descriptions of program and teacher characteris-
tics in the pilot study are available as a supplemental file.
The pilot study programs served mainly Black (44%) and

White (33%) children. About 14% of children are dual lan-
guage learners, 73% of programs charge a tuition fee, and
33% of the sample are Head Start programs. Teachers were
all female (100%) and the majority identify as Black (59%).
On average, teachers had been working in their current
position for approximately 5 years.

Descriptive SPIFI Scores

Table 1 provides means and standard deviations of SPIFI
scores from 16 programs. Reflecting typical ways in which
the SPIFI might be scored, Table 1 presents the overall
SPIFI score as cither the sum of the nine SPIFI domains or
the sum of all 82 indicators used to score each domain.
Average scores for each domain are also shown, with all
domain scores ranging from 1 to 7. In addition, Table 1
shows p-values from ¢ tests comparing Waves 1 and 2 of
data collection. Across all programs and waves, the sum of
domain scores averages 15.8 of 63 (i.e., seven possible
points across nine domains) and the sum of indicators aver-
ages 19.9 of 82. Average SPIFI scores increase between
Waves 1 and 2 of data collection as programs received train-
ing and coaching in implementing the Pyramid Model. The
differences between Waves 1 and 2 are statistically signifi-
cant for the overall SPIFI scores and for individual domain
scores except Domain 5 (behavior support plan) and
Domain 8 (family engagement in individual children).
These results, along with measures that assessed other
aspects of Pyramid Model implementation, suggest that the
SPIFI detects increasing implementation fidelity over time.

Scale and Interrater Reliability

Table 2 displays measures of internal consistency (Cronbach’s
o) and IRR. We used Cronbach’s alpha to assess internal con-
sistency, or scale reliability, among the nine domains, 82 indi-
cators, and the subsets of indicators within each domain. The
values of alpha ranged between .80 and .98, suggesting
acceptable to high levels of internal consistency.

To assess IRR, a randomly selected subset of programs
were each observed and scored by two evaluators as
described above. To test IRR, we computed intraclass cor-
relations (ICCs; Gamer et al., 2010; Hallgren, 2012) from
multilevel models where evaluator observations are nested
within programs. These models generally provide two vari-
ance estimates: the variance of errors associated with differ-
ences between evaluators within programs and the variation
across programs. The ICC is the proportion of observed
variance that occurs between programs; therefore, the ICC
is high when variation between programs is large relative to
variation among evaluators observing the same program.

As only a subset of programs were rated by multiple
evaluators and we wanted to generalize the reliability of
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Table 2. Reliability and Interrater Reliability ICC for Overall SPIFI and for Each Indicator Across Domains.

Measure & domain

Interrater reliability

Cronbach’s a (ICC, one-way model)

Overall SPIFI scores
Sum of all domains
Sum of all indicators

Item scores per domain
Domain |: Leadership team
Domain 2: Leadership team activities
Domain 3: Staff buy-in
Domain 4: Program-wide expectations
Domain 5: Behavior support plan
Domain 6: Staff support plan
Domain 7: Family engagement
Domain 8: Family engagement individual children
Domain 9: Data-based decision-making

.84 .96
.98 .98
.89 .86
.95 .89
91 83
.92 97
.87 Sl
.88 .96
.85 .98
.86 77
.80 .85

Note. Single-measure ICCs are estimated from a one-way model. High rater reliability is characterized by absolute rater agreement, but ICCs are
similar when consistency is examined instead of absolute agreement. SPIFI = Supporting Program-wide Implementation Fidelity Instrument;

ICCs = intraclass correlations.

their ratings to programs rated by only one rater, we used a
single-measure ICC. We also compared whether our ICCs
differed when IRR was characterized by absolute agree-
ment compared with consistency (i.e., evaluators providing
scores with similar rank order). We found that the two esti-
mates were nearly identical and report ICCs where IRR was
based on absolute agreement between evaluators. Table 2
shows the ICC estimates for SPIFI scores calculated from
the sum of all domains, the sum of all indicators, and for
each domain score. Guidelines for interpreting these ICC
estimates are provided by Landis and Koch (1977): poor <
.00; slight: .00 to .20; fair: .21 to .40; moderate: .41 to .60;
substantial: .61 to .80; almost perfect rater reliability: .81 to
1.00. Except for one indicator, all ICC estimates exhibit
almost perfect or substantial reliability. Only Domain 5,
behavior support plan, exhibited moderate IRR (ICC = .51).

Exploratory Factor Analyses

To examine the latent structure of the SPIFI, we used EFA
models, estimated using the principal factor method with an
oblique rotation. We chose an oblique rotation under the
theory that latent factors relevant to fidelity of implementa-
tion are likely correlated. Factor models from our EFA are
estimated from the nine domain scores across all programs.
To maximize sample size, we pooled all SPIFI scores from
both waves of data collection. The scree plot suggests a pos-
sible one- or two-factor solution; therefore, we implemented
parallel analysis to select the number of factors (Hayton
et al., 2004; Horn, 1965). Parallel analysis allowed us to
compare the scree plot from our observed data with data
randomly generated to have the same number of indicators
and programs. The intersection between the observed and

generated plots indicates the optimal number of factors. Our
plots cross between two and three factors, providing evi-
dence that a two-factor model better represents the latent
factor structure than a unidimensional, one-factor model.

We then examined measures of model fit to compare the
one-factor and two-factor solutions. The two-factor solu-
tion achieves moderately good fit (standardized root mean
square residual [SRMR] = 0.066, root mean square error of
approximation [RMSEA] = .114 with 90% confidence
interval [CI] = [0.070, 0.159], x*(19) = 43.681, p = .001,
comparative fit index [CFI] = .934, Tucker-Lewis index
[TLI] = .874) that is better than the one-factor model
(SRMR = 0.179, RMSEA = .188 with 90% CI = [0.156,
0.222], x%(28) = 127.209, p = .000, CFI = .734, TLI =
.658). These analyses provided suggestive evidence sup-
porting a two-factor structure and we urge future research to
continue exploring the latent factor structure of the SPIFI
with larger sample sizes.

Factor loadings also provided evidence that indicators
did not all load well onto one factor. Table 3 shows the fac-
tor loadings and uniqueness values from the two-factor
model. The uniqueness values show the percentage of vari-
ance in the indicator score that is not explained by common
factors. The first factor had larger loadings on Domain 1
(leadership team), Domain 2 (leadership team activities),
Domain 3 (staff buy-in), and Domain 6 (staff support plan).
The second factor had larger loadings on Domain 4 (pro-
gram-wide expectations), Domain 5 (behavioral support
plan), Domain 7 (family engagement), Domain 8 (family
engagement for individual children), and Domain 9 (data-
based decision-making). The first factor is more related
to how program leaders encourage and sustain Pyramid
Model implementation, which we labeled Leadership
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Table 3. Factor Loadings and Uniqueness From Exploratory Factor Analysis.

Indicators across domains Factor | Factor 2 Uniqueness
Domain |: Leadership team 0.63 0.22 0.46
Domain 2: Leadership team activities 0.82 -0.09 0.37
Domain 3: Staff buy-in 0.97 -0.09 0.12
Domain 4: Program-wide expectations 0.21 0.79 0.22
Domain 5: Behavior support plan 0.02 0.69 0.52
Domain 6: Staff support plan 0.80 0.10 0.30
Domain 7: Family engagement —-0.12 0.72 0.53
Domain 8: Family engagement individual children 0.04 0.59 0.64
Domain 9: Data-based decision-making —-0.02 0.57 0.68

Note. Factors are based off oblique (oblimin) rotation. Factor | = Leadership Implementation Support; Factor 2 = Programmatic Implementation Support.

Implementation Support. Loadings for the second factor are
more relevant to how the program operated as a cohesive
unit, which we labeled Programmatic Implementation
Support. Using results from the EFA, we predicted factor
scores for both of these latent variables and standardized
them to have a mean of 0 and standard deviation of 1.

For the remainder of this analysis, we report psychomet-
ric results on the sum of all domains, the sum of all indica-
tors, the two predicted factor scores from the EFA, and each
of the nine domain scores for a total 13 types of SPIFI
scores. Summing the domains and the indicators is a scor-
ing method that implicitly assumes unidimensionality, but
we continued investigating these measures despite the
weaker model fit of a one-factor model because the reliabil-
ity of the overall measures and the ability to detect change
over time along with the simplicity of these methods of
aggregating the SPIFI may make the overall scores prefer-
able to program personnel if the convergent validity is high.
Therefore, it is important to understand the association
between these measures and other measures of implementa-
tion fidelity. Finally, both overall scoring methods are
highly correlated with each other and with both of the pre-
dicted latent factors. For example, the correlation between
the sums of all SPIFI domains and all SPIFI indicators and
both the administrative implementation support and organi-
zational implementation support factors are between .77
and .96. These high correlations suggest that substantive
conclusions are unlikely to be affected if researchers use
one of the two unidimensional scoring methods.

Convergent Validity

To assess convergent validity, we examined the relation
between SPIFI scores and an alternative program-level
implementation measure (PreSET; Steed et al., 2012), a
classroom-level measure of Pyramid Model implementa-
tion (TPOT; Fox et al., 2014), and a measure of high quality
classroom interactional practices (CLASS; Pianta et al.,

2008). In selecting these measures, we expected stronger
correlations of SPIFI with PreSET as they were designed to
measure features of program implementation of similar
approaches and with TPOT as a measure of the classroom
practices that were the focus of program-wide implementa-
tion. We expected to see a relation between the SPIFI and
CLASS as the CLASS measures the interactional and
instructional quality of a classroom and includes dimen-
sions measuring emotional climate, classroom organiza-
tion, and instructional supports. Table 4 shows how SPIFI
scores are correlated with the PreSET score, the TPOT
score, and the three domains of the CLASS. In these analy-
ses, all measures have been standardized to have a mean of
0 and a standard deviation of 1. The correlations show that
SPIFI scores are most strongly correlated with the PreSET
score (.67—.85). These higher correlations reflect a moder-
ate to high degree of consistency between SPIFI and
PreSET as program-level measures of implementation.
The Programmatic Implementation Support factor corre-
lated more highly with the PreSET than the Leadership
Implementation Support but both are strongly correlated.
Compared with the PreSET, correlations with the TPOT and
each of the CLASS domains are smaller in magnitude but all
positive and statistically significant, ranging from .23 to .47.

Then, we formally tested the association between SPIFI
scores and measures of implementation or classroom prac-
tices (i.e., PreSET, TPOT, and CLASS) using two-level
hierarchical linear models (HLMs) with classrooms (Level
1) nested within programs (Level 2). The HLMs estimate
random intercepts for each program resulting in separate
variance terms at the classroom and program level to
account for the nesting of classrooms within programs
(Raudenbush & Bryk, 2002; Snijders & Bosker, 2012). The
HLM models are especially important in this context
because SPIFI measures are collected at the program level.
Each HLM model separately includes one of the 13 types of
SPIFI scores as the focal predictor of interest. Repeating
this process results in 65 separate mixed effect regression
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Table 4. Correlation Between SPIF| Scores and External Measures.

CLASS
PreSET TPOT Emotional Classroom Instructional
SPIFI Measurement and Domains score score support organization support
Sum of SPIFI domains .80* A2% 32% 34% A45%
Sum of SPIFl indicators .83* A4* .32% 34% A42%
Leadership implementation support 67* .34% 23% 25% 34%
Programmatic implementation support .85% AT* A40%* A40%* SI*

Note. All measures have been standardized to have a mean of 0 and a standard deviation of |. SPIFI = Supporting Program-wide Implementation
Fidelity Instrument; PreSET = Preschool-wide Evaluation Tool; TPOT = Teaching Pyramid Observation Tool; CLASS = Classroom Assessment

Scoring System.
*p < .05 using Bonferroni-adjusted significance levels.

models (13 SPIFI measures X five measures of implemen-
tation or classroom practices). Without covariates, the HLM
model for one outcome measure y (e.g., PreSET, TPOT, or
CLASS domain) for classroom i in program J is of the
form:

Level 1 model:
Level 2 model:
Reduced form:

Yy =Po; +¢;,
Bo, =Yoo T YoiSPIFL; +u,,,
Vi =Yoo +y0,SPIFIj +uy; +e;.

The model includes a constant Yoo representing the average
value of y for programs receiving a standardized SPIFI
score of zero, a random intercept for program, u,;, and a
classroom level error term, €; . The coefficient of interest is
Yo1 . As all measures have been standardized, Yor is inter-
preted as a change in ' (in standard deviations) associated
with a one standard deviation unit increase on the relevant
SPIFI score.

To help rule out alternative explanations for the relations
estimated by the HLM models and improve precision of the
estimates, covariates at both the classroom and program
level were also added to the model shown above. Classroom
covariates include the teacher’s teaching experience (in
months), whether the teacher has a relevant degree in early
childhood education, and teacher’s race. Program covari-
ates include the number of children served by the program,
the number of administrators, whether the program is a
Head Start program, if the program currently implements a
social emotional learning curriculum, the proportion of
female children, proportions by child race (with White as
the reference category), the proportion of children with an
IEP or IFSP, and the proportion of children who are dual
language learners. To maximize our sample, we pooled
together data from the first and second waves of data collec-
tion and include a wave indicator to control for differences
between the two waves. We also tested these HLM models
for each wave separately and reached substantively similar
conclusions.

Table 5 shows the results from our two-level HLM
models. Note that each reported coefficient comes from a

separate regression of each outcome measure (labeled in the
columns) on a separate SPIFI score. The first column shows
the relation between each SPIFI score and the PreSET
score. For example, a one standard deviation increase in the
sum of the SPIFI domain is associated with a 0.753 standard
deviation increase in the PreSET score, holding constant all
classroom- and program-level covariates. The first column
provides evidence of convergent validity because the
PreSET is a validated measure of implementation fidelity
for positive behavior supports (Steed & Webb, 2013) and
the association between SPIFI and PreSET is positive and
statistically significant for all of the various SPIFI scoring
methods and each of the nine SPIFT items. Column 2 shows
that the SPIFI is also correlated with the TPOT, a measure
of Pyramid Model implementation at the classroom level.
The relations with SPIFI items are statistically significant
except for Item 5 (behavior support plan) and Item 8 (fam-
ily engagement for individual children). The strength of the
relationships between SPIFI measures and PreSET is also
stronger than the association between SPIFI and TPOT. All
four aggregated measures of the SPIFI as well as three
individual items (leadership team [Item 1], staff buy-in
[Item 3], and family engagement for individual children
[Item 8]) are positive and significantly correlated with
the Emotional Support dimension of the CLASS. The
Classroom Organization dimension of the CLASS did not
have a statistically significant association with overall
SPIFI scores but did have small and statistically significant
correlations to staff buy-in (Item 3), program-wide expec-
tations (Item 4), and family engagement (Item 7). The
instructional support dimension of CLASS only has a small
and statistically significant correlation with program-wide
expectations (Item 4).

Validity Check

A second sample of SPIFI data was collected by 27 external
coaches across the United States and Canada who were
engaged in supporting Pyramid Model implementation in
their state or province as a means of providing a robustness
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Table 5. Standardized Coefficient Estimates From Two-Level Mixed Models Using SPIFI Scores as Predictors.

CLASS
PreSET TPOT Emotional Classroom Instructional
SPIFI Measurement and Domains score score support organization support
Sum of SPIFI domains 0.753%** 0.387#%* 0.272%* 0.177 0.152
(0.038) (0.095) 0.11) (0.10) (0.095)
Sum of SPIFI indicators 0.730%** 0.424%%* 0.235% 0.203 0.165
(0.032) (0.098) (0.12) ©.1T1) (0.099)
Leadership implementation 0.739%%* 0.470%+* 0.260* 0.211 0.175
support (0.048) (0.099) 0.12) 0.11) (0.10)
Programmatic implementation 0.826%** 0.330%* 0.256* 0.169 0.141
support (0.019) (0.10) (0.12) .11) (0.10)
Domain |: Leadership team 0.330%** 0.362%** 0.338#** 0.121 0.0917
(0.073) (0.088) (0.099) (0.096) (0.089)
Domain 2: Leadership team 0.595%+* 0.334%* 0.179 0.0984 0.137
activities (0.073) (0.12) (0.13) (0.12) ©.11)
Domain 3: Staff buy-in 0.5747%%* 0.478%¥* 0.348** 0.211* 0.179
(0.063) (0.096) 0.11) 0.11) (0.099)
Domain 4: Program-wide 0.864*** 0.505%** 0.234 0.293* 0.225%
expectations (0.048) .11) (0.13) 0.12) .11)
Domain 5: Behavior support plan 0.96 |#*+* 0.166 0.0309 -0.0483 0.0211
(0.044) 0.12) (0.13) (0.12) ©.11)
Domain 6: Staff support plan 0.753%#* 0.385%#* 0.0169 0.154 0.133
(0.031) (0.094) (0.12) (0.10) (0.094)
Domain 7: Family engagement 0.6497%** 0.303%* 0.0601 0.209* 0.149
(0.051) (0.093) 0.11) (0.096) (0.090)
Domain 8: Family engagement in 0.282%* 0.0311 0.308* 0.125 0.101
individual children (0.099) 0.12) 0.12) 0.12) ©.11)
Domain 9: Data-based 0.517%%* 0.3 5% 0.188 0.111 0.0600
decision-making (0.045) (0.093) 0.11) (0.098) (0.091)
Covariates Yes Yes Yes Yes Yes

Note. Each cell shows the standardized coefficient for an individual multilevel model. Standard errors in parentheses. All measures are standardized
to have a mean of 0 and a standard deviation of |. SPIFI = Supporting Program-wide Implementation Fidelity Instrument; PreSET = Preschool-wide
Evaluation Tool; TPOT = Teaching Pyramid Observation Tool; CLASS = Classroom Assessment Scoring System.

p < 05, %p < 01, ¥k < 001

check for psychometric properties of the SPIFI using a sec-
ond study sample and different procedures for training eval-
uators. We examined the robustness of the tool when used
in the field by external coaches who worked a variety of
implementation coaches. The notion of robustness refers to
the ability of the tool to provide a meaningful measure
within an application where some user errors might occur.
The 17 programs in the second sample were located in
California, Florida, lowa, Minnesota, Pennsylvania, and
Wisconsin in the United States and Nova Scotia in Canada.
Programs ranged in size from two to 16 classrooms and 23
to 435 children. Ten programs provided tuition or fee-based
child care, two provided Head Start or Early Head Start ser-
vices, and nine provided public preschool services.

The external coaches for programs in the second sample
collected SPIFI data for this robustness check. These exter-
nal coaches were providing coaching to a local early child-
hood program that had a leadership team and had been

engaging in Pyramid Model implementation for at least 1
year. Whenever possible, we asked two participating exter-
nal coaches to conduct the SPIFI with one program
together—one designated as a primary and one as the reli-
ability evaluator. These coaches participated in a 2-hr syn-
chronous online training on procedures for data collection
and scoring with the tool and scoring guide. Data collectors
in both the national sample and pilot study followed the
same protocol when using the SPIFI. The data were col-
lected concurrently with the data collection in the pilot
sites.

The overall SPIFI scores and all of the domain scores are
lower among the second wave of the pilot study programs
than the national sample programs at statistically signifi-
cantly levels with p values lower than .01 (see the online
Supplemental Tables 1, 2, and 3), likely due to a longer
period of implementation within the national sample. The
psychometric properties of the SPIFI data from the pilot and
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robustness samples are largely consistent. The reliabilities
(Cronbach’s o) are high but somewhat lower in magnitude
in the robustness sample. The interrater reliabilities are
lower for the robustness sample but high to moderate but
for three of the domain scores. The pattern of higher and
lower loadings from each of the domains on the two fac-
tors is similar across the two samples, except for the rela-
tively low loading of the Leadership Team domain on
Factor 1 for the robustness sample.

Discussion

We sought to validate a measure that would provide an
objective assessment of the Pyramid Model implementa-
tion in early childhood programs. Our goal was to have a
reliable and sensitive tool that could measure the level of
implementation of critical features and use these data to
provide technical assistance and stronger implementation
fidelity. We used a multiphase approach to develop the
SPIFI that incorporated feedback from experts and profes-
sionals in the field. We used data from a pilot study of
PWS-PMI to examine the psychometric properties of the
instrument. The data were evaluated by our research team
to examine the distributions, reliability, and IRR. We then
used EFA to determine the structure of the domains and
HLM to examine the relationship between the overall
SPIFI measures and each of the nine domains and other
validated instruments (e.g., TPOT, PreSET) that measure
features relevant to Pyramid Model implementation.

Our findings from this psychometric integrity study of
the SPIFI indicate that it validly and reliably measures the
program-level fidelity of implementation of the Pyramid
Model. The EFA provided evidence that the overall SPIFI
has two latent constructs: (a) leadership implementation
support and (b) programmatic implementation support. The
instrument also detected differences in implementation lev-
els between Wave 1 and Wave 2 in pilot study programs,
which indicates that SPIFI is sufficiently sensitive to pro-
grammatic changes to detect change over time in the same
programs. In addition, implementation levels in Wave 1 of
the pilot sample were significantly lower than more experi-
enced programs in the robustness sample.

The data also revealed a correlation between the SPIFI
and PreSET, both of which measure programmatic sup-
ports. The SPIFI’s emphasis, however, on specific systemic
factors that facilitate Pyramid Model and less so on class-
room functioning, is reflected in the sources of data and the
resulting factor loading. The stronger association between
the SPIFI and PreSET versus the SPIFI and TPOT suggests
that the classroom-level implementation fidelity measure is
not a perfect indicator of program-level fidelity and the two
should be measured separately. The correlation with TPOT
scores points to a relation between program-level imple-
mentation and classroom practices. The consistency of the

results of the factor analysis and relation between other
measures and the SPIFI measures, both aggregate and by
domain, suggests that the SPIFI tools are robust to differ-
ences in samples, training of evaluators, and experience
with implementing the Pyramid Model. Overall, these
results support the validity of the SPIFI as a program-wide
instrument for measuring the fidelity of Pyramid Model
implementation.

Limitations and Future Research

There are several limitations with the study. For example,
our sample size was relatively small. A larger and more
diverse sample should be used in future replications to eval-
uate SPIFI and program-wide implementation of the
Pyramid Model. With data on program and child perfor-
mance, more nuanced analyses can examine the sensitivity
of the instrument in differentiating programs in exploratory
phases of implementation and those moving to full imple-
mentation. A larger sample also would allow examinations
of teacher and staff backgrounds (e.g., certification) as they
relate to systemic implementation. Given four domains that
loaded similarly onto the two latent factors, future research
including more programs would allow researchers to better
examine whether these four domains could be modified to
better discriminate between the two factors or whether the
data would better fit a different latent structure. Using a
larger sample with raters trained in the same way would
ensure that any observed differences in the SPIFI scores are
not driven by differences in raters, as may be the case in
this study. We noted that IRR was lower in the data-based
decision-making domain. This could be due to the lower
overall implementation in this area after 1 year and, there-
fore, less access to data for scoring purposes. Evaluation of
programs that are further in the implementation process
might clarify this issue. Future research might examine the
extent to which familiarity with a program affects the eval-
uation process and outcomes. Our study demonstrates the
use of the SPIFI by typical evaluators and provides initial
validation of the SPIFI as a measure of implementation
fidelity that can be used in evaluative research and techni-
cal assistance.
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