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The American educational system has remained relatively stable for the last
century as fechnolOgy; personnel, and evidence-based practices have evolved in schools
"tv(;servle .todéy’s diverse student popu}étioné. As researchers continue to design,
implement, and evaluate scho‘ol-based interventions to better serve students, teach‘ers, and
schools, complexity theory may serve as a framewqu for better understandihg today’s
educational system. New school-based curricular interventions are fundamental in
meeting the diverse needs of today’s students and improving student outcomes.

However, the level of intervention effectiveness may be diminished or nullified if a
program is implemented in a manner inconsistent with the innovator’s plan. Therefore,
measuring the extent to which a program implementer faithfully adheres (i.e., fidelity) to |
the innovator’s program ideals during an intervention can contribute to the validation of -
program outcomes. For this reason, thé purpose of this study was to investigate teachers’
implementation fidelity and their rationales for changes to the intervention. The findings
from this research can assist researchers to effectively anticipate and address factors that
may impact fidelity level and student outcomes.

I used a mixed methods design to collect and analyze both quantitative and
qualitative data‘ examining implementation fidelity of a school-based physical activity
intervention. Data weré collected via lesson observations, teacher interviews, student
knowledge tests, and accelerometers. Categories and coding themes were developed and

quantified from lesson observation field notes to measure teacher ﬁdelify. Multiple



“regression was used to analyze the reIationship between teacher fidelity and student
outcomes (i.e., knowledge growth and physical activity intensity levels). ‘Teacher 4
.interviews were coded and categorized to understand teacher rationales for changes to the
intended intervention.

A 42-item dichotomous rubric was developed from the open and axial coding of
the observation field notes to qﬁantify teacher fidelity scores. Multiple regression with
fidelity score as the predictor and knowledge acquisition as the criterion variable,
indicated that teachers’ fidelity scores accounted for a large portion of variance in student
knowledge growth‘(R2 =79, adj R* =74, p < .05). The open and axial coding of the
teacher interviews revealed there were a multitude of preexisting contextual factors (e.g.,
lack of instructional time, space, and equipment) that influenced teachers” fidelity to the
intended curriculum. Based on the findings from this research, it appears the more
faithful teachers are to teaching research-based curricula as designed, the greater the
impact the curricula can héve on student achievement. Additionally when designing and
revising school-based interventions, researchers should consider the nature of the

contextual factors and the extent to which they negatively impact the intervention.
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CHAPTER

INTRODUCTION

The American educational system has remained relatively stable for the last
century as technology, personnel, and evidence-based practices have evolved in schools.
Schools have primarily resisted changes in design, curricula, scheduling, and leadership

structures (Seltz, 2008). However, the linear, factory-like ideals that historically

facilitated school design are proving to be ineffective at meeting current students’ needs.
“Designed in another time, for the purposes of that time, the typical ... school often
shows a remarkable lack of flexibility” (Garmston & Wellman, 1995, p. 6). When the
modern American educational system was designed in the early 1900s, approximately
51% of 5- to 19-year olds attended school (National Center for Education Stétistics,
2012). Today’s schools were never intended to meet the moral and economic demands of
graduating all students. Furthermore, as the diversity of student populations increases,
moré poverty-stricken students will be enfering America’s schools. Tomorrow’s students
will démand curricula and teaching practices that offset the adverse living conditions that
they have experienced since birth (Stevenson, 2010). Today’s schools are complex from
the classroom level to the district office level and are poorly represented by linear,
factory-like frameworks (Davis & Sumara, 2005).

As researchers continue to design, implemenf, and evaluate school-based

interventions to better serve students, teachers, and schools, complexity theory may serve



as a framework for better understanding today’s educational system (Fullan, 2008),
because it addresses persevering patterns, demonstrated through time and impervibus to
change. These evolving school patterns can be conceptualized through complexity theory
(Fullan, 2003). Complexity theory can function as a theoretical framework for explaining
and understanding school-based interventions and recurring themes appearing in schools.
When complei(ity theory is applied to schools, it serves as a metaphor to frame the
application of theory within pfaéﬁéal contexts. Compiexity theory describes multiple
levels of interactions that result in opportunities and constraints to the change process
within organizations, such as schools (Richardson & Cilliers, 2001). Using such
metaphr(;rs may be one way for researchers to recognize patterns that impact school-based
intervention design.
The Role of School-Based Interventi_ons in School Success

New school-based curricular interventions are fundamental in meeting the diverse
needs of today’s students and improving student outcomes. The No Child Left Behind
Act 0of 2001 (NCLB; 2003) states that educators must use scientifically based teaching
methods and strategies proven to be effective. Proven means that programs have been
e\}aluated through “scientifically based research ... that involves the application of
rigorous, systematic, and objective procedures to obtain valid knowledge relevant to
education activities and programs” (U.S. Department of Education, 2002, p. 7).
Interventions provide one method of measuring program effectiveness using rigorous,
systematic, and objective procedures. Effective intervention designs use valid and

reliable measures of achievement to compare intervention sites that use a particular



program with sites that do not. If the intervention sites produce increased outcomes
Qompared to the sites that do not implement the program, then the intervention/program
may be labeled effebtive. The level of program effectiveness, however, may be
diminished or nullified if a program is implemented in a manner incpnsistent with the
innovator’s plan. Therefore, measuring the extent to which a program implementer
faithfully adheres (i.e., fidelity) to the innovator’s program ideals during an intervention
can contribute to program validation. According to Mowbray, Holter, Teague, and Bybee
(2003), ﬁdelity is the magnitude to which intervention delivery adheres to the program
model originally developed. The measurement of fidelity during efficacy and
effectiveness studies is gaining increased interest (National Research Council, 2004).

Interventions are typically designed for implementation in limited contexts with
the purpose of increasing programmatic efficacy and internal validity. Once the
intervention is disseminated, however, the implementation conditions may be different,
or the manner of implementation may vary from the original design. Fidelity measures
offer a connection between implerﬁentation and outcomes to better understand program
effectiveness (Sanchez et al., 2007). Fidelity of implementation and program
effeqtiveness is directly related. Faithfully implementéd interventions are likely to
produce superior student outcomes compared to those that are not (Burns, Peters, &
Noell, 2008; Durlak & DuPre, 2008). In the absence of fidelity measures, intervention
designeré and impiementers may not know if the intervention is effective and if vso, in
what environments. Most researchers understand that variations in educational

interventions occur upon implementation (Dusenbury, Brannigan, Falco, & Hansen,



2003). There is an adjustment point however, that if crossed negatively impacts
intervention fidelity. Thus, measuring fidelity, as part of research-based interventions,
promotes validity and can explain variance between outcomes. When establishing

_programmatic validity and interpreting intervention outcomes, researchers who provide
data describing fidelity can assist teachers and schools to implement interventions
faithfully (Dusenbury et al., 2003).

To maXimize fidelity, researchers should identify contextual factors that hinder or
facilitate interventions. According to Berman and McLaughlin (1976), three primary
variables can impact school-based interventions and implementation fidelity: (a) federal
policies, (b) insﬁtutional settings, and (c) project characteristics. Federal policies may
mandate managenient theories and objectives, such as the requirement that
schools/students meet adequate yearly progress achievement outcomes. Due to adequate
yearly progress standards, students may receive more instructional time in some
disciplines compared to othefs, and as a result, impact an intervention’s frequency and
duration. Institutional settings factors, such as school and district characteristics,
organizational climate, and staff motivation, can positively or negatively impact
intervention effectiveness. Project characteristics encompassing resource levels, the
nature of the intervention, and implementation strategies can increasé or dgcrease
intervention outcomes. At the institutional level, teachers are schools’ main resource
(Wayne & Youngs, 2003) and play a primary role in the faithful implementation of

school-based interventions.



Public health and pedagogy scholars have become increasingly concerned about
the declining instructional time and overall quality of school-based physical education
and physical activity programs. As a result, federal and foundational funding has become
available to propose and test school-based physical activity interventions and disseminate
effective alternatives to increase physical acﬁvity in youth. Research findings describing

intervention characteristics and outcomes have been disseminated to inform scholars and

_ practitioners of best practices. Yet, very few school-based physical activity intervention

researchers have measured and reported fidelity levels (Sallis et al., 2012). Multiple
organizations, such as the U.S. Department of Education, National Institutes of Health,
and National Center on Response to Intervention, are requesting implementation ﬁdelity
research accompany large-scale intervention proposals. Recently, the National Institutes
of Health (2011) established an office of Dissemination and Implementation Research to
support future implementation studies.
Statement of the Problem

Fidelity level and intervention effectiveness are directly related to and predict the
sustainability of interventions to safeguard positive student learning outcomes (Burns et
al., 2008; Durlak & DuPre, 2008). To maximize fidelity, factors that hinder or facilitate
the intervention should be identified and measured objectively. Evidence-based research
suggééts factors related to implementation agents can predict fidelity levels (Berman &
McLaughlin, 1976; Brunette et al., 2008; Century, Rudnick, & Freeman, 2010; Datnow &

Castellano, 2000; Durlak & DePre, 2008). Teachers are one of the primary

implementation agents who impact implementation effectiveness through their conscious



and unconscious decisions to implement the curriculum with VariQus levels of fidelity.

For this reason, thé problem addressed in this study was to investigate feachers’

implementation fidelity and their rationales for changes to the intervention. The findings

from this research c'an assist researchers to effectively anticipate and address factors that
may impact fidelity level and student outcomes.
Purpose of the Study

Measuring ﬁdelity and examining its impact on student outcomes is a promising
concept in educational research (Mowbray et al., 2003; O’Donnell, 2008). The purpose
of this study waé to examine sixth-grade physical education teachers’ fidelity levels when
implementing the Cardio Fitness Club unit from the Science of Healthful Living
curriculum and to investigate the relationship between teacher fidelity levels and studént
outcomes (i.e., knowledge growth and physical activity intensity levels). I also
investigated the extent to which teachers adapted or ignored critical intervention
components and design principles and teachers’ perceptions and justifications for these

| changes as they influence fidelity level.

Research Questions
This research was guided by three research questions:

1. To what extent do teachers implement lessons from a sixth-grade physical
education curricular intervention with fidelity (adherence — coverage and delivery
quality)?

2. What is the relationship between implefnentation fidelity and student outcomes

(i.e., knowledge gain and physical activity intensity levels)?



3. What reasons do teachers offer for making changes to the intended curriculum as
they implement it in their school contexts (moderating variable of context)?
Significance of the Study
Assessing implementation fidelity increases researchers’ and practitioners’
understanding of the fit between'the intervention and the context. However, the
complexity of the implementation context can impact the efficiency and generalizability
of the innovation to other situations. Researchers have rarely used fidelity variables to
explain intervention outcomes. Appropriate and accurate fidelity data can inform
research and practice to better explain intervention outcomes. Further, when researchers
understand teacher justifications for adapting intervention components, they can desbign
or modify interventions to accommodate diverse contexts, minimizing factors that
negatively impact implementation.
During a time of teacher and student accountability, high stakes testing, and No
Child Left Behind mandates, schools and students must have effective curricula to
increase achievement outcomes. Furthermore, given the calls by public health
| organizations to increase physical activity and decrease overweight and obesity levels in
children and adolesceﬁts, school-based physical education programs need evidence-based
interventions proven to increase educational achievement and /or physical activity
outcomes. Measuring implementation ﬁdelity provides one method of assessing
moderators of curricular effectiveness. According to O’Donnell (2008) there is need to
conduct research investigating implementation fidelity and to understand why and how

teachers impact intervention implementation. Studying implementation fidelity as part of



R

curricular effectiveness research is critical to understanding intervention success or
failure. Valid measures of implementation fidelity also can improve statistical power and
explain variance in outcome studies. The data gathered in this study provided
information about the variables that enhanced or constrained the effectiveness of a large-
scale physical education intervention, the influence of implementation fidelity on student
outcomes, and teacher rationales for intervention adaptations within their context.
Assumptions
I assumed that the integration of qualitative and quantitative research methods
within the same study complemented each other, generating supportive evidence useful
when drawing conclusions and making informed decisions. Further, I believed that
physical education would continue to be a middle school subject. The existence of
physical education in schools has been Jeopardized in the past, but has managed to
survive. Additionally, this research was based on my assumption that teachers would
participate (i.e., planning lessons, teaching lessons, and completing surveys) in the study
with integrity and to the best of their abilities.
Limitations
This dissertation study should be viewed with some limitations. First, the
participants (i.e., the teachers) in the study were not randomly selected although schools
were randomly assigned to experiment and control conditions. Second, the teachers in
this study participated for the first time in the intervention. I observed only 3 of the 15
schools in the experimental condition. Additionally, within these three schools I

observed only 30% of the lessons per sixth-grade class. Fidelity data from 30% of the



lessons and 20% of the experimental schools may not provide a representative assessment
of teacher fidelity le‘}els and instructional practices across the entire intervention.
Further, students were not selected randomly to wear accelerometers. Instead, they were
selected by teachers to represent specific student characteristics and demographics. Thus,
physical activity intensity data from six students per sixth-grade class per school (z = 102
students) may not provide a comprehensive description of average student physical
activity intensity levels in the intervention. Finally, student knowledge growth data were
lim‘itéd by the reliability and validity of the knéwledge tests. These concerns may limit
the utility and generalizability of the study findings.
Delimitations

Several delimitations exist in the study. First, due to the large number of potential
participants in the study population, participation in the study was delimited to teachers
who taught sixth-grade physical education in the Piedmont regioh of North Carolina and
taught one unit of the two-unit intervention for the first time. Second, the study was
delimited to the examination of teachers’ fidelity levels when implementing a specific
science-enriched physical education curriculum, the Science of Healthful Living. Third,
implementation fidelity was measured using diverse measures, including qualitative
coding and themes from lesson observations.

Definitions of Key Terms
To ensure clarity and understanding throughout the study, I define the relevant

key terms in the following paragraphs.
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Adaptations

Adaptations are changes made in the ofiginal program during implementations
that include both modifications and omissions (Durlak & DuPre, 2008).

Adherence

Adherence refers to the extent at which an agent delivers a unit as designed or
written (e.g., implementation of activities and methods) (Lynch, 200'7; Lynch &
O’Donnell,.2005).

Attractor States

Within complexity theory, attractor states in a complex system are patterns that
emerge between variables. Complex systems are either maintaining or flowing to an
attractor state (Handford, Davids, Bennétt, & Button, 1997).

Bifurcation “

Within complexity theory, bifurcations are small, critical unstable points within a
complex adaptive systeﬁ that move a complex adaptive system from one attractor state to
another (Capra, 2002).

Chaos Theory

Chaos theory is the qualitative study of unstable aperiodic behavior in
deterministic nonlinear dynamical systems. Systems are dynamic (i.e., changes over
time), aperiodic and unstable (i.e., does not repeat itself), can have simple causes,
nonlinear and sensitive to initial conditions, and are neither random nor predictable

(Kellert, 1993). Complexity theory emerged from conceptualizations of chaos theory.
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‘Complex Adaptive Systems

Within complexity theory, complex adaptive systems are non-linear, complex,
interactive systems that have the bcapability to adjust to a fluctuating environment. They
are characterized by continuous and discontinuous change, emergent phenomena, and
unpredictable outcomes. Examples include the nervous and immune systems, living
organisms, and social systems (Goldstein, 2008).
Conﬁplexity

Complexity is a flow of activation states between extremes of variation and
sameness, chaos and order. It is attained within a system’s fluctuating conditions by
combining variation with integfation. Systems moving toward complexity are most
stable, flexible, and capable of a wide range of self-organiziﬁg processes (Siegel, 2001).
Complexity Science

Complexity science expands systems thinking derived from organismic biology to
non-living systems. Complexity scientists assume that complex systems have some
behavioral and structural features in common and can be represented mathematically
(Capra, 1996; Thelen & Smith, 1994).
Complexity Theory

A theory describing phenomena demonstrated in systems characterized by
nonlinear interactive components, emergent phenomena, continuous and discontinuous
change, and unpredictable outcomes (Clancy, 2004). Complexity scientists examine

complex systems using complexity theory.
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Context

Context describes the surrounding social structures, such as customs and cultures
of organizations and groups, inter-organizational linkages, and historical as well as
concurrent events, in the intervention setting (Lipsey & Cordray, 2000). Context may
refer to the setting in the previous or former program, described in this research as the
preexisting context or the context created by the new intervention, referred to as the
intervention context.
Coverage

Coverage denotes delivery chpleteness or the content amount received by
participants (Dusenbury et al., 2003). Also referred to as exposure, dose, or dosage, this
dimension may include the number of sessions, length of each session, or frequency of
implementation (Dane & Schneider, 1998).
Critical/Core Components

Critical or core components are the essential elements of the explicit and/or
implicit program model, such as elemeﬁts that constitute a particular intervention,
innovation, or program, without which the integrity or effectiveness would be
compromised (Century et al., 2010).
Delivery Quality

| Delivery quality assesses the extent to which the provider approaches the

developer’s idealized theoretical framework in content deliverance terms (Dusenbury et

al., 2003). Lynch and O’Donnell (2005) describe it as how well the teacher implements
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the unit: evidence of theoretical ideals, skills, enthusiasm, preparedness, and delivery
attitude in a manner consistent with the developer’s intentions.
Effectiveness

Effectiveness is defined as the ability of an intervention to produce the desired
beneficial effect in actual use (Dorland, 1994, p. 531). |
Efficacy

Efficacy is the ability of an intervention to produce the desired beneficial effect in

expert hands and under ideal circumstances (Dorland, 1994, p. 531).
Emergence |

Emefgénce describes the patterns and properties that arise from the'spo_ntaneous
organization of multiple subsets through their interactions, sometimes leading to novelty
in a system (Axelrod & Cohen, 2000).

Fidelity of Implementation V(FOI)

Fidelity of implementation is the extent to which the delivery of an intervention
adheres to the program model and theory as originally developed. It includes content,
frequency, duration, delivery quality, and coverage (Lynch, 2007; Mowbray et al., 2003;
Ruiz-Primo, 2006). |
High Implementation Fidelity

High implementation fidelity refers to the implementation of the essential

intervention components (Carroll et al., 2007).
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Interventioh

An intervention is the freatment in an experimental or quasi-experimental trial
designed to change program outcomes. Interventions introdube new conditions to a
preexisting cohtext or program.
Outcome Analysis

Outcome analysis is a process by which the result(s) of an intervention are
formally assessed.
Participant Responsiveness to Intervention

Participant responsiveness is viewed as the participants’ levels of engagement in
the intervention (Dusenbury et al., 2003). Responsiveness also refers to thé degree to
which the program stimulates the interest or holds participants’ attention (Durlak &
DuPre, 2008).
Self-Organization

Within complexity or chaos theory, self-organization is a process through which
some form of global order or coordination arises out of local interactions between
components of an initially disordered system.
Strategies to Facilitate Implementation

Strategies to facilitate implementation are support strategies used both to optimize
and to standardize implementation that may include the provision of training, feedback,
manuals, guidelines, and monitoring provided to intervention implementers by

developers for the purpose of enhancing fidelity of implementation (Carroll et al., 2007).
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CHAPTER II

REVIEW OF THE LITERATURE

The purpose of this review is to analyze the complex web of variables that interact
in the faithful delivery of complex school-based physical activity interventions. Because
schools are socially and acaderﬁically complex entities with numerous layers of authority
and resistance (Morrison, 2006), a primary challenge when examining questiohs of
intervention faithfulness, or fidelity, is the identification and modification of relevant
contextual phenomena that significantly impact sthdent outcomes. One theory that
provides insight into sophisticated dynamic systems, such as schools, is complexity
theory (Morrison, 2006). Utilized effectively by researchers in academic disciplines,
such as mathematics and physics, to examine systemic changé (McMillan, 2008; Stacey,
2003), complexity theory was émployed in this research as a metaphor to better
understand systemic complexity as it applies both to stable school contexts and to the
large-scale curricular interventions that attempt to change them.

Within curricular study of large-scale interventions, implementation fidelity poses
a vexing problem. Fidelity, or the extent to which an intervention is implemented
faithfully, is a construct that is sensitive to political, institutional, and pedagogical factors |
that both facilitate and inhibit change (Durlak & Dupre, 2008). An improvedv
understanding of curriculaf ﬁdelity is essential if researchers are to increase the outcomes

and sustainability of large-scale school interventions leading to educational reform.
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Therefore, this chapter is divided into four sections: complexity theory, fidelity
implementation and measurement, institutional barriers and opportunities for school
reform, and school-based physical activity interventions.
Complexity Theory

Traditionally, scientists have viewed the world through a lens of reductionism. In
other words, reductionism involves breaking down whole entities into their subsequent
parts. Historically, reductionists have hypothesized that if scientists understand the
nature and function of individual system components; they will understand the workings
of the.whole system (Coveney & Highfield, 1995). Recently, some researchers have
moved beyond reductionism to examine the whole entity to determine how it functions
wjthout reducing it into smaller pieces. Chaos theorists, for example, consider the whole
entity without reduction and propdse that an iteration of a small change within the large
system can result in very complicated outcomes (Elliot & Kiel, 1997). Complexity
theorists take this principle one step further considering the whole system, but suggest
that complex systems can generate rich, dynamic behavior from simple interactions
between many subunits. Schools are an example of a compleg system containing many
interacting subunits (e.g., students, school personnel, policy mandates, and institutional
context). The interacting subunits determine unique school characteristics that cannot be
reduced to the individual subunit characteristics, alone (Fullan, 2008). Thus, faithfully
implementing a new curriculum depends on more than the subunits and their interactions.

It also depends on the unique characteristics of the school as a whole. Complexity theory
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provides a framework to better understand and explain the faithful implementation of
interventions in schools.

This following section outlines the utility and poteﬁtial of éomplexity theory and
discusses applications, developments, and féatures, as Well as some major contributors to
the field. To better understand complexity theory, concepts from chaos theory will be
used as a foundation facilitating an understanding of the section focus, complexity theory.
Chaotic Systems

A chaotic system is similar to a weather system. It displays patterns and stability
on the large scale, while its less noticeable behaviors are never repeated in episodic |
forms. Chaotic systems are stable and their actions can be perceived as real occurrences.
They display, however, dynamic actions because they are sensitive to initial differences
in system conditions (Coveney & Highfield, 1995; Elliot & Kiel, 1997). The core of
chaos theory explains that system performance is not founded on elementary cause-and-
effect interactions where results can be anticipated as a function of contributions (Marion,
1999). Instead, a distinct action taken to influence a system understood within chaos
theory may generate any of three alternatives: no reaction at all, an equal and opposite
reaction, or an unequal and unbalanced reaction (Gleick, 1987). Chaos theory contradicts
traditional Newtonian motion physics, arguing that strange attractors can facilitate
unpredictable interactions among system units in chaotic systems (Gleick, 1987).

The most frequently cited chaos theory example is the alleged “butterfly effect,”
initially offered by meteorologist Edward Lorenz at the Massachusetts Institute of

Technology in the early 1960s. In this metaphor, the movement of a butterfly’s wings on



18

one side of earth is theorized as having an unequal, advancing effect on the weather
system macro-dynamics on the opposite side of earth (Gleick, 1987). As suggested by
the butterfly effect, open systems in nature maintain a delicate dependence on initial
conditions. Therefore an insignificant input can echo throughout a natural system,
causing a result that varies considerably from one result that would have ensued without
the input (Elliqt & Kiel, 1997).

Chaos theory has evolved informing more recent conceptualizations of dynamic
systems known as complexity theory. Currently complexity théory is being employed by
pedagogical scholars (e.g., Davis and Sumara, 2005) to better understand the complex
dynamics of schools. Bearing in mind,

Post-normal science does not replace good quality traditional science technology.

It reiterates, or feedbacks, their products in an integrating social process. In this

way, the scientific system will become a useful input to novel forms of policy-

making and governance. (Sardar & Abrams, 2008, p. 159)

Thus, a framework understanding is critical to capturing the capabiﬁty to utilize
complexity in meaningful ways.
Coﬁplexity Theory

Complexity theory demonstrates how trivial behavioral patterns can evolve from
numerous exceedingly complicated and dynamic relationships. Like chaotic systems,
complex systems also have distinctive characteristics, such as the capacity to balance |
between order and chaos or be on “the edge of chaos” (Langston, 1990). Complex
systéms function between instability and stability (Sa.rdar & Abrams, 2008). Complexity

theorists postulate that large, dynamic systems possess three common characteristics:
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self-organization, emergence, and adaptation. Systems in balarice demonstrate
emergence and self-organization. Self-organization is the system’s ability to re-define
itself without input from oufside sources. Emergence describes the properties and
patterns that evolve from multiple subsets organizing through their interactions.
Adaptation occurs when a system adapts through a selection process, facilitating
improvement in one or more sucéess measures (Axelrod & Cohen, 2000).

Complex adaptive systems. Complex adaptive systems are dynamic, interactive
entities that bifurcate and stabilize in unpredictable ways. They reject Newtonian science
while taking a responsive and interactive stance. The observer’s participatory role in the
system fosters subjectivity. Complexity definitions contradict regularity, predictability,
and order, and what it means to live in time (Peat, 2002).

Thus, complex adaptive systems are systems containing agents with the ability to
interact and change (Axelrod & Cohen, 2000). For example, teachers, students, and
administrators are the primary agents in schools. Such a multi-agent system contains
agents that interact locally but produce a higher-order global pattern. “Agents are
intrinsically subjectivé and uncertain about the [global] consequences of their actions, yet
they generally manage to self-organise into an emergent, adaptive system” (Heylighen,
Cilliers, & Gershenson, 2007, p. 132).

Initial conditions. The evolution of a system’s progress depends heavily on its
initial conditions. As mentioned previously, Edward Lorentz first recognized the
powerful role of initial conditions while investigating weather models (Gleick, 1987). |

While using a computer simulation program to better understand weather patterns,
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Lorentz discovered that starting a weather simulation at a point other than the beginning
produced unique results each time the simulation was run from that same point (Capra,
2002). Thus, prediction within the simulated weather system was not feasible. Asa
result, Lorenz postulated that making small changes to initial conditidns could lead to
l_a;ge changes in the way patterns develop.

Attractor states. In complex adaptive systems agents follow a few simple rules.
Therefore, patterns evolve over time and become attractor states in the complex systems.
Complex systems either move toward attractor states or maintain an attractor state

, ,
(Handford et al., 1997). Given the sensitivity of a complex system, small changes in one
system agent may create large, dynamic changes in the system’s behavior. These
patterns are difficult to predict, but they do not happen by chance. As small system
changes create large-scale, dynamic behavior, discontinuities emerge. These
discontinuities are called bifurcations.

Bifurcation. Bifurcation points are places of turbulence in a complex system
(Capra, 2002). As attractor states change, emerge, or disappear, system stability
decreases. Small changes. may disturb a complex adaptive system in such a way that a
bifurcation emerges as a new attractor state. New patterns and stability evolve at these
bifurcation points (Capra, 2002).

Complexity theory offers a novel, useful theoretical framework from which to
examine the adaptations of lafge-scale, school-based interventions. Understanding
complex system characteristics permits their application as metaphors in education to

conceptualize intervention challenges from a different perspective. These metaphors may
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offer unique, progressive ways of thinking about schools and school-based interventions.
As schools continue to be challenged to meet outcome-based standards and

accountability mandates, having new metaphors may help address and promote positive

- changes in new ways.

Complexity as a Metaphor

Complexity science offers a unique perspective on schools and may allow
stakeholders of large-scale, school-based interventions to better understand changes in
schools. Complexity theory can serve as an influential theoretical model, a metaphorical
tool, or a powerful tool through which to examine organizations, such as schools
(Richardson & Cilliers, 2001). It interprets complex organizational phenomena in a
unique, non-traditional way, concentrating on the complete organization (Kauffman,
1995).

The classroom and school setting is one example of a complex system. As an
often disregarded complex adaptive system, this system consists of students, teachers,
staff, and administrators merging “... into a unit of cognition whose capacities exceed
those of the individuals on their own” (Davis & Sumara, 2005, p. 315). Schools
represent a multitude of interactive sub-units working as a whole unit and serves as a
goed example of a complex adaptive system.

Since schools are primarily made up of people, human organizations also can be
investigated via a complexity theory lens examining attractor states and initial conditions.

If human organizations, such as schools, are well-defined as complex adaptive systems,
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then minor changes in schools may facilitate a dynamic change from one attractor state to
another;
VInitial Conditions and Attractor States in Schools

The American school ideal has primarily remained the same over the last century
and resisted change. The initial conditions in schools during Horace Mann’s and John
Dewey’s times may stiil be seen in today’s schools as stable educational trademarks.
According to Meyer and Rowan (1983), the American educational system represents
history and is resistant to change. Examples includé the taken-for-granted structures in
schools such as the organizatiqn and timing of the school day, grade level organization,
teacher certification, school appearance, and even which subject areas will be taught and
tested. Assuming that these particular combinations create a “school” leads to
educational structures that are “nonconfrontable and nondebateable, and hence are
extremely difficult to change” (Schein, 2010, p. 28). Historical school characteristics
such as school building design, grade level assignment, school day scheduling, and
instructional design, have operated as initial conditions for the American educational
system. An awareness of these conditions is essential if teachersb, administrators,
curriculum specialists, and researchers are to work within a system experiencing
bifurcation points due to, for exarﬁple, the changing student population or the
implementation of a new curriculum. The success of large scale, school-based
interventions depends not only on their ability to change the whole, but also on their

ability to positively change initial conditions and attractor states.
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Similar to weather, the initial conditions historically present in the American
educational system have molded séhoéls into their present state. These initial conditions
are stable, and continue to underpin educational systems today. Some initial conditions
(e.g., scheduling and instructional design) are so stable that new interventions or curricula
must be positioned carefully to fit within or purposely cause bifurcations in these
exceptionally stable systems. |
Complexity in Physical Education

Similar to schools and education in general, physical education as a school
discipline historically has displayed many of the same stable characteristics resistant to
change. Howéver, there is only a small body of literature articulating complexity theory
in physical education teaching, curriculum, and research. Nevertheless, complexity
theory offers many benefits to structuring and explaining physical education practices
that can lead to successful implementation of complex, large-scale interventions.

Ennis (1992) was one of the first scholars to analyze physical education
curriculum design and learning through a complexity lens. The notion that learning in
physical education could occur on “the edge of chaos” contradicted prevailing physical
education curriculum specialists’ beliefs that physical education curriculum design and
learning occurred in linear, stable environments. Ennis posited that multiple variables
(e.g., attractors) in physical education settings influence learning, facilitating or hindering
the learning process from reaching a state of homeostasis. This “far-from-equilibrium”
physical education learning environment creates challenges for physical education

teachers as they attempt to identify the major attractors affecting their teaching and
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students’ learning. Identifying these challenges related to physical education teaching
“and learning can allow physical education curriculum developers to target interventions
to bifurcate the learning process increasing student outcomes (Light, 2008).

Over the last 10 years, several scholars have proposed physical education
curriculum models, such as Teaching Games for Understanding, sport education, and
movement education, informed by complexity theory (Light, 2008; Light & Fawns, 2003;
Storey & Butler, 2012). These models not only provide students opportunities to move,
but alsq opportﬁnities to think about their movement. The integration of the brain and
human body movement represent self-organizing, complex adaptive systems (Morrison,
2008). Learning in physical education involves understanding the body’s responses (i.e.,
physiological changes) to physical activity, why and how (i.e., biomechanics) the body
needs to move in particular pathways for different tasks, and the complex relationships
within and between the two (Light, 2008). Physical education classes, like larger
organizations, have initial conditions and attractor states that can allow classes to appear
- linear and stable. Teaching Games for Understanding, sport education, dnd movement
education curriculum models provide only general rules for movement, so students are-
free to improvise widely. Similar to a bird flock, the general class characteristics can be
anticipated, but individual class experiences will be diverse. Such responses are not
created or directed by individuals, but are emergent within the system.

‘Physical education is a collective effort representing the complex interactions
within and acroés educational systems’ components (Jess, Atencio, & Thorburn, 2011).

The dynamic, unstable components, such as teachers’ and students’ beliefs and
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personalities and preferences, can create engaging learning opportunities that produce
new knowledge for students (Osberg, Biesta, & Cilliers, 2008). In one example, Jess et
al. (2011) developed and delivered a physical éducation program in Scotland between
1999 and 2006. Based on observations and teacher feedback, they began restructuring
their physical education program in 2006 to demonstrate the feasibility of complexity
theory as a framework for learning in physical education. The new model focused on
students’ general, as opposed to sport specific, movement patterns and the important
social, cognitive, and developmental factors that impacted learning in physical education.
The new model was introdﬁced over a prolonged time period to gradually replace the
traditional multi-activity approach to teaching. Additionally, the new model provided

- students opportunities to actively participate in self-organizing practice. As described,
the development and implementation process for the new curriculum was complex due to
resistant teachers and traditional physical education practices. To implement the
changes, the physical education teachers were required to change from the perspective of
“oﬁe correct movement form,” to an emergent, non-linear exploration of “best fit”
movement forms. Student instructional tasks were changed to encourage more
independent, self-organizing, student-centered practice to enhance student learning and
move away from stable, teacher-centered lessons (Jess et al., 2011). The restructured
developmental physical education program outcomes and results are unknown at this
time, as the intervention was still in its implementation phase at publication.

Nevertheless, Jess et al. (2011) do provide a unique curriculum restructuring example
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using complexity theory as the framework that can be used as a guide for restructuring
additional teacher-centered curriculum models.

Most complex systems fluctuate between stability and change. Rarely, however,
do entire systems change. Instead, change occurs in different elements of the system at
different times. Bifurcating subsystems evolve into new initial conditions and can
produce new routines, beliefs, and languages that individual agents must learn and
embrace if the new system is to again reach temporary homeostasis.

Historically, schools and school districts have attempted to implement thousands
of new programs. Before a new curriculum can become stable and predictable, however,
agents responsible for implementing the change need to understand and embrace the new
programs’ beliefs, strategies, and technologies. For researchers to examine the impact of
the implementation, agents must first accept the program as presented by the developers.
The first step in the examination of évidence-based practice is to collect data to support
the supposition that the new standardized program is being implemented faithfully as
designed. However, ensuring implementation faithfulness, or fidelity, within diverse,
cofnplex environments is one of researchers’ greatest challenges. Implementation fidelity
should be measured to confirm that the outcomes of the new curriculum are attributable
to that curriculum operating as designed with the complex system and not to other
unidentified, ill-defined, or unmeasured variables.

Fidelity of Implementation
Rogers (2003) pointed out that until the 1970s researchers found no need to study

fidelity of implementation (FOI). They assumed that those who implemented a new
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program would do so with fidelity and implementation would mirror previous adoptions.
As it became more obvious that program implementers regulérly altered a program or
intervention to meet individual and institutional barriers and opportunities, researchers
began to conduct research to examine the context surroundiné the fidelity construct. The
agents that compose a complex adaptive system are the same agents that impact a
program’s FOI when that program is introduced to the complex adaptive system. The
initial conditions present in both the complex adaptive system and the pfogram, itself,
have the ability to interact within and between agents producing patterns or attractor
states. Since complex adapti\}e systems are sensitive to change, any change to or by the
program may modify the personality of the system and negatively impact FOI.

Although FOI has been widely examined in the health field, fidelity has not been
the program evaluation focus in most educational studies (O’Donnell,‘2008; Ruiz-Primo,
2006). Nevertheless, according to the U.S. Department of Education Institute of
Education Sciences’ (2011) position in the What Works Clearinghouse report,
intervention efféctivehess depends mainly on adherence to the program’s guiding
principles. For example, the moderating variable “reduced class size” is a program
requirement that, when carried out faithfully, has been shown to be effective in
improving academic achievement outcomes. However, when the program requires
reduced class sizes and the institution continues to implement programs with typical large

class enrollments (low fidelity), the program efficacy declines significantly.
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Fidelity Components and Moderators

Arriving at a consensus on a ﬁdelity definition is central to this evolving area of
research. Century et al. (2010) completed a comprehensive analysis of fidelity
definitions, concluding that fidelity could be operationally defined as “the extent to which
the critical components of an intended program are present when that program is
énacted” (p. 207). Further, Carroll et al. (2007) review of implementation fidelity
research identified six components: adherence, coverage, delivery quality, participant
responsiveness, context, and strategies to facilitate implementation. A model of the
fidelity construct is presented in Figure 2.1. The dashed line in Figure 2.1 signifies that
the relationship between an intervention and its outcorﬁes is external to implementation
fidelity, but the level of implementation fidelity attained can influence this relationship.
Carroll et al. (2007) further defined these compénents within the fidelity cdntext.
Specifically, adherence refers to the degree to which implementers are delivering a
program as it was intended. Coverage denotes delivery completeness or the content
amount received by participants compared to what was prescribed, while delivery quality
refers to how well agents are implementing intended techniques and methods in the
program. Participant responsiveness is the extent to which the parti;:ipants are engaged
in the implemented program. Context describes the surrounding social structures, such as
customs and cultures of groups and organizations, inter-organizational linkages, and past
as well as simultaneous events, in the intervention setting. Finally, strategies to facilitate
implementation are support strategies used both to enhance and to standardize

implementation that may include the provision of training, feedback, manuals, guidelines,



29

and monitoring provided to program implementers by developers for the purpose of
enhancing FOI (Carroll et al., 2007). These six components are discussed in greater

detail later in the chapter.

Potential moderators:
-Strategies to facilitate
implementation
-Participant responsiveness
~Context

Adherence

Intervention e Wil fs subcomponents: |y uy e ww @ Outcomes
Coverage

Delivery quality

Evaluation of
implementation
fidelity

Figure 2.1. Modified conceptual framework for implementation fidelity (Carroll et al.,
2007).

Dane and Schneider (1998) émphasized that fidelity consists of all six

components and comprehensive studies of fidelity should measure all six to ensure a
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complete program or intervention ﬁ.delity construct. Other researchers, however, target
particular concepts to include based on individual study’s needs and requirements.
Century et al. (2010) further suggested that the components and subcomponénts of the
adherence component can represent FOI with the other three concepts providing
explanations and degrees of enthusiasm, interests, and participation.

In addition, Ruiz-Primo (2006) identified some intervention factors that may limit
implementation fidelity. For example, intervention complexity includes three elements:
the total number of intervention components that require implementation, the
intervention’s similarity to the previous program, and teachers’ prior knowledge of
’inte,rvention components. The amount of time necessary to implement the intervention
also is a factor, with longer duration correlated to less fidelity. In other words,
interventions that require more time to implement may be challenging to implement with
ﬁdelity. Conversely, a small number of required resources critical to the intervention’s
success, as well as the utility of the supplied implementation manuals, are both linked to
higher fidelity. Training and participant buy-in to the intervention also are essential
components; Finally, Ruiz-Primo (2006) stated that intervention provider supervision is
a crucial factor in FOI, particularly when applicable feedback is provided regularly.

Managing these factors to promote high fidelity and intervention success is a
challenging task. Current research provides very little data concerning the ideal
intervention length, number of components, or degree of similarity to the previous
program. Increasing learning outcomes require instructional time, resources, and

administrative support, and any quality educational intervention with these goals requires
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the same. Typically schools are stable organizations, and as such, an intervention needs
to address school and programmatic complexity efféctively to overcome traditional
school stability. Faithfully implemented interventions also require a balance of the
factors mentioned above. For example, interventions need to be loﬁg enough to enhance
learning, but not so long to increase teacher and student burnout. Duration, however, is
unique to the preexisting school context. Interventions need to be sufficiently unique to
be unlike the previous program, but similar enough to the previous program that teachers
understand, embrace, and facilitate the intervention with confidence and success.
Fidelity of Implementation Efficacy and Effectiveness

In outcomes-based educational research, FOI instruments are used to examine the
extent to which the results can be attributed to the intervention. For many educational
interventions, the purpose is to improve student achievement outcomes. FOI instruments
are administered during efficacy and effectiveness portions of a study to ensure FOI at
different stages (Mills & Ragan, 2000) and to account for the differing study foci
(O’Donnell, 2008). Efficacy can be defined as “the abﬂity of an intervention to produce
the desired beneficial effect in expert hands and under ideal circumstances” (Dorland,
1994, p. 531). Thus, efficacy studies focus on the degree to which an intervention is
implemented and successful in an expert-created ideal environment. This type of
formative assessment information is used to make improvements to the intervention.
Therefore, during an efficacy study, fidelity is a component of internal validity. The

process involves critical components identification (Mowbray et al., 2003), continuous
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monitoring (Resnick et al., 2005), and programmatic revisions as necessary during each
phase (Resnick et al., 2005).

Conversely, effectiveness is defined as “the ability of an intervention to produce
the desired beneficial effect in actual use” (Dorland, 1994, p. 531). During an
effectiveness study, FOI is measured to determine external validity or generalizability of
the intervention. Effectiveness fneasures investigate the intervention’s ability to produce
the desired outcome in real-world situations (O’Donnell, 2008). Without FOI studies,
researchers cannot determine the extent to which outcomes are attributed to
implementation of the intervention framework (Dobson & Cook, 1980). According to
Greenberg et al. (2005) and O’Donnell (2008) effectiveness studies can determine the
capacity for scale-up (i.e., expahding efficacious interventions from small settings to
multiple settings).

Fidelity of Implementation Monitoring Stages

FOI can be examined and monitored during three stages of outcome research: (a)
pre-adoption phase, (b) delivery phase, and (c) post-delivery phase (Greenberg et al.,
2005). During each phasé, researchers investigate distinct issues that should be addressed
to facilitate increased FOI. Specifically, during the pre-adoption phase, intervention
designers evaluate the curricular fidelity with the intervention’s theory base. To promote
higher fidelity levels, the intervention designers (a) examine program ﬁt with
pérticipants’ needs, goals, philosophy, and organization; (b) secure sufficient resources to

conduct the intervention as intended; (c) train implementers and observers; and (d) set up
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a supportive, problem solving atmosphere to facilitate trust and communication
(Greenberg et al., 2005).

In the delivery phase, designers monitor implementer fidelity of the curriculum,
as well as provide emotional and practical support, evaluate progress, and use data to
determine the intervention’s ongoing viability to facilitate on-going improvement.
During the post-delivery phase, fidelity data are analyzed to determine if the intervention
is successful and conducive to scaling-up (Greenberg et al., 2005). Intended outcomes,
such as increased student achievement, are examined in relation to FOI to determine -
intervention success.

When developing measurement instruments and criteria for assessing FOI, it is
critical that researchers have a practical view of FOI variables. According to Lynch and
O’Donnell (2005),

Fidelity is adhering to unit and lesson purpose, goals, and objectives; adhering to

unit pedagogical approaches ...; following lesson sequence ...; using the

recommended equipment or materials ...; making an adaptation to the lesson that
does not change the lesson’s intent. Fidelity is not reducing or modifying unit
goals and objectives; reconfiguring the lesson so that your standard instructional
repertoire gradually replaces parts of the new unit as originally designed; reducing
the amount of behavioral change expected from participants ...; varying grouping
strategies outlined in the unit ...; changing the unit’s organizational patterns ...;

varying the lesson schedule ...; [or] reducing the number of lessons. (pp. 9-10)
Programmatic conceptual frameworks, when available, provide structures useful for

describing and organizing elements unique to an intervention to facilitate effective

implementation measurement.
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Conceptual Framework for the Construct of Fidelity

In 2007, Carroll et al. first proposed a conceptual framework for fidelity that is
helpful in developing a plan for fidelity measurement. The framework for the fidelity
construct outlined in Figure 2.1 depicts the vital FOI concepts and their relationships to
one another. An examination of FOI requires that each element be measured. When
examining the conéept of adherence or the extent to which those accountable for
implementing an intervention actually adhere to the intervention as it is designed by its
developer(s), researchers typically measure two subcomponents: coverage and delivery
quality. The level achieved in each subcomponent may be affected or influenced (i.e.,
moderated) by other variables: preexisting context, participant responsiveness, and
facilitation strategies.

Adherence. Adherence refers to the extent to which an agent delivers a unit as
designed or written (e.g., implementation of activities and methods) (Lynch, 2007; Lynch
& O’Donnell, 2005). McGrew, Bond, Dietzen, and Salyers (1994) argued that this
involves identifying program critical elements. To be considered high fidelity,.Borrelli et
al. (2005) recommended an 80% or greater adherence to critical elements.

Coverage. Coverage denotes delivery completeness or the content experiences
that participants receive (Dusenbury etal., 2003). Also referred to as exposure or dose,
this dimension may include the number of sessions, length of each session, or frequency
of implementation (Dane & Schneider, 1998). Additionally, it is important to investigate
whether the number of lessons and time allocated to deliver intervention content is

consistent with the developer’s intent (Dusenbury et al., 2003). According to Dusenbury
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et al. (2003), dose can be measured by teacher logs or checklists. Century et al. (2010)
asserted that dosage addresses the amount of time spent implementing the intervention,
while exposure addresses the way in which the time was spent.

Delivery quality. Delivery quality is defined as the extent to which the provider
approaches the developer’s idealized theoretical framework in content deliverance terms
(Dusenbury et al., 2003). Hamre et al. (2010) suggested that assessing delivery quality
might be an important curricular intervention indicator. Dane and Schneider (1998)
conceptualized delivery quality very broadly including both provider affect and expertise,
which are not directly related to the prescribed content. In later studies, researchers
(Century et al., 2010; Dusenbury et al., 2003; Greenberg et al., 2005; Lynch &
O’Donnell, 2005; Ruiz-Primo, 2006), defined delivery quality as the proximity to the
developer’s theoretical implementation ideal.

Context. Context is the surrounding social structures, such as customs and
cultures of groups and organizations, inter-organizational linkages, and past as well as
simultaneous events, in the intervention setting (Lipsey & Cordréy, 2000). Context may
refer to the setting in the previous or former program, described in this research as the
preexisting context or the context created by the new intervention, referred to as the
intervention context.

Strategies to facilitate implementation. Strategiés to facilitate implementation
are support strategies used both to énhance and to standardize implementation.  Such

strategies include the provision of training, feedback, manuals, guidelines, and
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monitoring provided to intervention implementers by developers for the purpose of
enhancing F ) (Carroll et al., 2007). |

Participant responsiveness. >Particibpant responsiveness is viewed as the
participants’ levels of engagement in the intervention (Dusenbury et al., 2003). It refers
to the degree to which the intervention stimulates interest or holds participants’ attention
(Durlak & DuPre, 2008). According to Carroll et al. (2007), it involves judgments made
by the pérticipants or recipients about the intervention’s outcomes and relevance. The
participant may be either represented as the person implementing the intervention or the
person receiving the intervention. Lynch & O’Donnell (2005) defined responsiveness as
the extent of student engagement consistent with the developer’s intent.

An outcomes analysis can be used to identify components that are crucial to the
intervention and must be implemented if the intervention is to have its anticipated effects.
This assessment in turn may help update the intervention content by determining the
minimum requiremehts for high implementation fidelity (i.e., the implementation of the
essential intervention components; Carroll et al., 2007).

Measuring Fidelity of Implementation

Fidelity is the extent to which the critical cdmponents of an ihtended program are
present when that program is enacted (Century et al., 2010). With the current emphasis
on evidence-based practices, fidelity criteria development and use is an expected
component of quality evaluation practices and significant with regards to treatment
effectiveness (Mowbray et al., 2003). The implementation quality is thought to influence

implementation effectiveness in school settings (Dusenbury et al., 2003).
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Examining Fidelity Concepts

With well-developed and valid measures, fidelity can enhance statistical power in
treatment-outcome studies by acting as a moderating variable in explaihing outcome
variance (Teague, Drake, & Ackerson, 1995; Teague, Ganju, Hornik, Johnson &
McKinney, 1997) and thus reduce error in the evaluation (Greenberg et al., 2005).
Practically speaking, researchers need to measure fidelity to account for negative or
ambiguoué findings (Hohmann & Shear, 2002) to guard against Type III errors (Patton,

1997). According to Patton (1997), a Type III error occurs when intervention evaluation
does not take into account whether or not the intervention has been adequately
implemented as designed, thereby attributing outcomes to an intervention that may have
not been implemented or implemented as intended (Basch, Sliepcevich, Gold, Duhcan, &
Kolbe, 1985; Dobson & Cook, 1980; Sanchez et al., 2007). According to Greenberg et
al. (2005), assessing FOI strengthens program evaluations by reducing the variance
unaccounted for in the experimental design of the program or intervention. By capturing
the variance explained by implementatioﬁ factors, a greater unexplained variance amount
is accounted for, thus, strengthening the program evaluation model.

Furthermore, FOI measures enable studies to be more standardized and conducive
to replication (Mowbray et al., 2003). Failure to standardize the intervention within and
between providers will inflate error variance and decrease power (Moncher & Prinz,
1991; Ruiz-Pﬁmo, 2006). Greénberg et al. (2005) referred to this replication process as
diffusion because measuring implementation assists in advancing knowledge regarding

best practices for replicating, maintaining, and diffusing the program or intervention.
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Otherwise, program drift (i.e., deviation from the intended program) can occur during
intervention or curriculum implementation and not be taken into account (Lynch, 2007;
Moncher & Prinz, 1991; Mowbray et al., 2003; Resnick et al., 2005). Measuring fidelity
can warn désigners of possible drift. It also provides guidance in identifying and
controlling unauthorized changes in an intervention (Resnick et al., 2005).

Moreover, including FOI measures in a study provides accountability to funding
agencies and feedback for program improverﬁent (Basch et al., 1985; Resnicow et al.,
1998). FOI méasures help explain why an intervention succeeds or fails and identify and
.examine changes (i.e., deletions, additions, or modifications) in the intervention that may
impact outcomes (Dusenbury et al., 2003; Fullan & Pomfret, 1977; Mowbray et al.,
2003). Unless FOI is examined, researchers are unable to determine whether
unsuccessful outcomes reflect poorly designed inferventions or failure to implement an
intervention as intended (Chen, 1990; Dusenbury, Brannigan, Hansen, Walsh, & 'Falco,
2005).

FOI measures provide data necessary to enhance the intervention. For example,
data can be used to refine the program, training manual, and observer and implementer
training. Addiﬁonally, data can be used to locate issues that negate intervention
effectiveness (Resnick et al., 2005; Ruiz-Primo, 2006). Examination of FOI variables
also may help the researcher confirm that the control group did not implement the
experimental treatment (Mills & Ragan, 2000). With a push to implement résearch—based
interventions, Durlak (1998) pointed out that researchers should be aware that in control

schools multiple interventions are often implemented without coordination. Poorly
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monitored control groups further imbact researchers’ ability to account for student
outcomes.

Likewise, examinations of FOI variables provide a mechanism for affirming the
theoretical underpinnings of a program, intervention, or curriculum study (Greenberg et
al., 2005). Additionally, it supports a rationale for not including data from sites that
deviate extensively from the treatment model (Teague et al., 1995). Finally, FOI
variables contribute to the assimilation and comprehension of the intervention’s internal
dynamics and actual operation (Greenbefg et al., 2005). It informs the research about the
kinematic phenomena»(i.e., teacher-to-intervention interaction and intervention theory
versus school politics) that are at play within and between the intervention and the
principal agents.

It is likely, however, that all interventions are modified when implemented in
practical settings. There is on-going debate between two schools of thought about FOI.
One school édvocates exact intervention model replicatioh (Drake et al., 2001; Szulanski
& Winter, 2002), while the other recognizes the need for adaptations to accommodate
local cqnditions and maximize ownership (Bachrach, 1988; Domitroviéh & Greenberg,
2000; Rogers, 2003). Dusenbury et al. (2003) observed that all teachers made
adaptations to the lessons in their prevention study and that most of those adaptations
appeared to detract from curricular objectives. Interestingly, some researchers argue that
measuring fidelity is only marginally important, since adaption is necessary for an
intervention to be successful in certain settings (Berman & McLaughlin, 1976).

Although this school of thought recognizes the necessity of adapting interventions to
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accommodate the targeted condition’s unique situations and conditions, the other school
of thought purports that suioerior outcomes occur with higher fidelity levels (Blakely et
ai., 1987; Elliott & Mihalic, 2004; Kam, Greenberg, & Walls, 2003). Nevertheless,
failure to include fidelity measures comes with a cost: the implementation of ineffective
programs or possible rejection of effective programs (Moncher & Prinz, 1991).
Methods of Measuring Fidelity of Implementation

Various direct and indirect methods and method combinations are used to
measure fidelity .(Dusenbury et al., 2003). Direct assessment, typically an observation, .
counts the frequency of occurrences of critical components to determine the percentage
correctly implemented (Dusenbury et al., 2003). Critical components are the curricular
or intervention elements that are considered consequential to the intervention outcomes.
Indirect 'assessments include self-reports, interviews, and examinations of permanent
producfs. One or more of these methods may be used for collecting data.

Direct observation. One strategy to collect data to measure FOI is on-site
observations (Fullan, 1983; Mowbray et al., 2003; Resnicow et al., 1998). Previous
studiés have shown a link between student outcomes and fidelity using multiple
observations (Resnicow et al., 1998). Fullan and Pomfret (1977) argued that direct
observations are the most rigorous FOI measurement. Hansen and McNeal (1999)
concurred that observations are crucial because they believe that teachers are biased in
their reports.

There are, howevér, some disadvantages to direct observations. First, they require

extensive resources and time (Fullan, 1983; Resnicow et al., 1998). Second, there are
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some intervention component dimensions that are difficult to assess through
observations, such as the degree of intervention philosophy, strategy, and technique
comprehension (Ruiz‘-Primo, 2006). Third, with announced observations, validity can be
limited because teachers know when an observation will occur (Resnicow et al., 1998).
Ruiz-Primo (2006) recommended possible alternatives to on-site observations, such as
telephone interviews, video conferencing, or videotaping.

Interview. Interviews present one of the most useful methods for assessing
implementation completeness, because teachers may take more time responding in person
than on a questionnaire (Resnicow et al., 1998). Nonetheless, when teacﬁers self-report
in a face-to-face interview, the interviewer should be aware that other factors, such as
teacher self-consciousness, rapport, transference, and modeling could influence report
validity (Paulhus & Vazire, 2007). Interviews conducted in person have the same
disadvantage financially as direct observations (Fullan, 1983; Mowbray et al., 2003;
O’Donnell, 2008). |

Peri_nanent products. Permanent products are examples of the participants’
work during intervention implementation. Permanent product examples include student
work samples, student performance assessments, and instructional ses'bsivon videotapes
(Gresham, 1989). At times, it can be djfﬁcult to obtain permanent products limitiné the
assessment of tangible outcomes.

‘Self-report. Self-report can occur via surveys, questionnaires, logs, or checklists
(Fullan, 1983; O’Donnell, 2008; Resnicow et al., 1998). Studies examining teacher self-_

report accuracy produced mixed results, often due to defects in study designs (Ross,
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McDougall, Hogaboam-Gray, & LeSage, 2003). Self-reports can have a social
desirability bias that can cause the implementer to over-report curriculum use (Resnicow
et al., 1998). This is true, especially in the educational realm, if implementers suspect
that the ratings may affect program funding (Mowbray et al., 2003). It also can be
difficult to get participants to return surveys, questionnaires, checklists, or logs.
Resnicow et al. (1998) recommended prompting participants via several contact methoas,
providing incentives for completion and return, and assurance that there will be no
negative consequences if low implementation rates are reported.

Designing Assessments for Fidelity of Implementation

In the social sciences field, there iS scant literature on FOI. Some studies reported
measures taken to promote fidelity, but not to assess FOI or determine the validity or
reliability of the measures (Dusenbury et al., 2003). Mowbray et al. (2003) suggested
that criteria to assess fidelity consider intervention/program structure and process aspects
over the entire intervention implementation.

Fidelity assessments development primarily involves one of three methods: (a)
drawing from a specific model with proven efficacy, effectiveness, or acceptance; (b)
gathering expert opinions (e.g., literature reviews or surveys); or (c) qualitative re_search
to gather opinions on-site as to what works. Drawing from an effective model is the most
feasible and appropriate from a conceptual and logistical perspective (Mowbray et al.,
2003). Ekpert opinion predictive utility lessens over time in the absence of empirical
findings. Additionally, experts tend to rate most components as critical (Mowbray et al.,

2003).
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Research conducted by the National Diffusion Network found that over half of the
organizations adopting innovations modified the intervention (Rogers, 2003). Therefore,
it is critical to establisheffective fidelity criteria to understand better the significance and
impact caused by the changes, especially those made to critical components. O’Donnell
(2008) suggested identifying possible indicators or critical components of a given model,
collecting data to measure the indicators, and examining the indicators’ reliability and
validity. |

_When developing critical criteria, it is important to consider the specificity levels,
degree of deviation, and the amount of qualitative and empirical data required to
determine fidelity (Ruiz-Primo, 2006). If elements are implemented to promote high
quality FOI a priori, the measuring and assessing process will be more accurate and
reliable. Ruiz-Primo (2006) éuggested that when assessing criteria, researchers should
consider adaptive planning, tailored training, sufficient sample size, local material
development, teacher training, program characteristics, teacher characteristics, and
~ organizational characteristics. Mowbray et al. (2003) suggested assessing the fidelity
criteria reliability and validity by: (a) calculating the inter-rater agreement range on
ratings and scores, (b) examining differences in fidelity scores (i.e., divergent validity)
across program types expected to be different, (c) examining the convergent validity or
agreement between at least two different data sources measuring the same thing, (d)
examining the internal data structure empirically and in relation to expected results, and
(e) measuring the relationship between fidelity measures and expected outcomes for

participants.
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In the education field, there is empirical evidence upon which to base assessment
measures for ﬁdeiity. Assessing fidelity is an on-going process because opinions about
critical components are always changing, as are political,:economic, and clinical
circumstances impacting the study (Mowbray et al., 2003). Adherence and dosage are
two ﬁdelity dimensions that dominate current fidelity literature and provide critical
information about the faithful implementation of interventions. In the next section, these
and other major prominent factors affecting FOI will be discussed.

Institutional Barriers and Opportunities — Factors
Affecting Fidelity of Implementation

Before focusing on factors that affect FOL it is important to understand how the
fidelity framework fits into a larger improvement model that focuses on using
instructional materials as a key intervention. In this model, designed by Céntury et al.
(2010), an instructional intervention is designed and implemented with the expectation
that, if the teacher implements the intervention as originally envisioned by the designer,
the desired student outcomes will occur. Implementation, however, does not always
manifest itself as envisioned. According to What Works Clearinghouse (U.S. Department
of Education, 2011), there are several factors in intervention research design that can
improve findings and, as such, should be heeded when developing implementation
criteria including: using random assignment, collecting and reporting FOI assessment,
and using standardized measures. Unfortunately, to date, no standardized measures have
been developed to measure the facfors influencing FOI (Lynch, 2007). Ruiz-Primo

(2006) divided the influential FOI factors into two groups: intervention context
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chafécteristics.(e. g., theoretical agreement, satisfaction levels, and intervention
effectiveness perceptions) and intervention characteristics (e.g., complexity, time,
resources, ,and manual quality).

The conglomeration of factors that influences FOI is two-pronged: non-school-
based and schoél-baseci. Although non-school-based factors can be contextual or
programmatic, school-based factors are typically contextual. Non-school-based factors
can include any factor outside the school or organizational boundaries where the
intervention is implemented, such as intervention design, compatibility with intervention
sites, politics (e.g., board of education), budget, professional organizations, and overall
fit. Internal factors can include principal actors’ characteristics (e.g., gender, title, and
experience lével), perceptions (e.g., end of grade testing and curricular choices), and
expectations (e.g., student success and adrﬁinjstrator support), in addition to school
culture and practices that occur within the school or organization Boundaries.

In the educational realm, factors influencing implementation are intertwined,
forming a nested influence setting. In other words, layers of agents and context are
nested within the setting. For example, the teacher, students, classroom envirqnment,
others in the school, school culture, parents and community, and to an extent, the school
district, state and federal authorities, and policies all may influence classroom events.
Generally speaking, the preexisting social, historical, and economic contexts in which an
intervention is implemented (Datnow & Castellano, 2000) influence FOI because schools

are not entities removed from the environment (Kurki et al., 2006). Because these ever-
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changing and adapting multi-environmental entities are influenced by human beings they
are subject to an array of factors that influence the FOI level.
Non-School-Based Factors

Non-school-based factors influencing FOI can be contextual or programmatic.
Preexisting contextual factors include issues relating to policies/politics, district and state
budgets, district fit, partnerships, and introduction of new innovations or curricula. At
the local level, policies and politics relating to budget changes, introduction of new tests
or curriculum guidelines, elected local officials (Datnow & Castellano, 2000) and
financial support for effective training (Everhart & Wandersman, 2000) may influence
FOL Brunette et al. (2008) stated that mandates and funding priorities can further impact
FOI. At the district level, innovations already in place and the preferences or priorities
established by central administrative office can predispose a certain FOI level (Durlak &
DuPre, 2008). Manybpolicies are not initiated at the local level, but at the federal and
state levels, thus ramifications trickle down impacting FOI. Partnerships, the lack of
partnerships, and partnership type contribute to the FOI level in that partnerships can
provide resources and community buy-in that often are necessary to implement new
interventions (Century et al., 2010; Datnow & Castellano, 2000; Kurki, Boyle, &
Aladjem, 2006; Riley, Taylor, & Elliott, 2003). Theoretical fit between the intervention
and adopters’ philosophies and contexts increase the likelihood that adopters will

implement the curriculum as envisioned by the developer (Moncher & Prinz, 1991).
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" School-Based Factors

School-based factors typically influence FOI within the school’s boundaries.
School-based contextual factors are influenced by‘ implementer perceptions. These
factors may be physical, mental, or ideological. Additionally, numerous variables or
variable combinations interact within complex scthl settings. School-based factors can
be sub-divided into classroom factors and non-classroom factors‘. |

Classroom factors. Inside the classroom, there are three possible influences on
FOI: (a) the teacher, (b) the classroom élimate, and (c) peer relations. Teachers are
considered by most policymakers and school change experts to be the heart of the
educational change process (Datnow & Castellano, 2000). Teacher characteristics that
contribute to FOI levels are identical to characteristics of teacher effectiveness. For
example, FOI may be influenced by the teacher’s age, career stage, race, culture (Datnow
& Castellano, 2000), educational attainment (Goldhaber & Brewer, 1996; Huang &
Moon, 2008), teacher certification (Darling-Hammond, Berry, & Thomerson, 2001;
Goldhaber & Brewer, 1996; ‘Palardy & Rumberger, 2008), skill proficiency (Durlak &
DuPre, 2008; Tyack & Cuban, 1995), and experience level (Huang & Moon, 2008;
Rivkin, Hanushek, & Kain, 2005). Rohrbach, Graham, and Hansen (1993) found high
FOI associated with providers who had fewer years of teaching experience, high
implementation self-efficacy, positive program acceptance, and an intervention
compatible teaching style. In contrast, Young et al. (1990) found the opposite when

examining the role of teacher experience in FOI. In summary, it is clear that teacher
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characteristics are critically important in fidelity and should be monitored and assessed as
a key measure of classroom receptiveness.

Other implementer characteristics that influence FOI involve implementer
philosophy, perceptions, and expectations. Using 23 contextual factors identified in a
meta-analysis to influence fidelity, Durlak and DﬁPre (2008) pointed out three that were
related to implementer philosophy, perceptions, and expectations. For exampie, the
extent to which a teacher feels a need for or sees the benefit of an intervention influences
how thoroughly the intervention is iniplemented. Everhart and Wandersman (2000)
examined implementers’ perceived sucéess and expected continuation of the program as
determinants of FOI. They concluded that teacher commitmént and self-efficacy
influence implementation.

Additionally, the need for ownership in the change process (Datnow &
Castellano, 2000) and intervention prioritization (Brunette et al., 2008) shape teachers’
actions, which in turn influences FOI. Berman and McLaughlin (1976) pointed out that
principals’ use of active support increases teacher change possibiliﬁes and perceived
intervention success, thus enhancing chances of higher FOI levels. Additionally,
concurrence between the intervention and implementer philosophy on key program
elements greatly influences program acceptance and implementation fidelity. Likewise,
when change rhetoric associated with the intervention matches the realities of teacher
experiences (Datnow & Castellano, 2000), higher FOI levels occur.

Finally, according to Datnow and Castellano (2000), teachers’ engagement levels

in the intervention were influenced by their beliefs, practices, and the quality of the
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relationships among teachers and students within the school culture. Discipline-specific
teachers must have similar teaching philosophies for a discipline-wide intervention
implementation to be successful. Other teachers at the school not implementing the
intervention must be cognizant and supportive to minimize implementation disruptions
and maximize teacher-to-teacher and teacher-to-student morale.

Greenberg et al. (2005) argued that teachers play a primary role in promoting
positive climate and positive peer relations within the classroom, which in turn influences
positive FOI levels. Classroom climate is a social and psychological aggregation that can
influence FOI positively or negatively, reflecting the teacher’s classroom management
techniques, decisions to empower stﬁdents to participate in decision making, and
appropriate social and emotional modeling.

Non-classroom factors. Factors related to school but outside the classroom,
often referred to as the school’s orgam2atione1 capaeity influence external organizational
relationships. The influence, however, does not have the same immediate or direct
impact as do teachers. Organizational predispositions and practices can explain, in part,
FOI levels (Riley et al., 2003). o

An organization’s capacity is defined as its potential to perform or its ability to
apply skills and resources to accomplish stated goals. At the center of organizational
capacity is governance and leadership. Like the characteristics of effective teachers,
specific characteristics of effective administrators are indicative of higher FOI levels.
For example, according to Leithwood, Day, Sammons, Harris, and Hopkins (2006), an

effective administrator sets the direction, develops professional relationships between
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teachers, redesigns the organization to maximize instructional time, and manages
instruction \to develop an effgctive school. As such, an administrator is connected with all
the organizationalvelements. that influence FOI, é‘it’her directly or indirectly. In physical
education, for example, limited instructional time has grown to be a defining, negative
physical education program characteristic, limiting intervention effectiveness. To a
certain degree, school administrators control school scheduling. Lack of instructional
time serves as a barrier to effective implementétion (Century et al., 2010) and can be
connected with a leader’s ineffective time and space usage, operating procedures, and
task assignments. Time constraints often lead teachers to feel pressured and unable to
implement the curriculum as designed (Borman et al., 2007, Kliﬁger, Ahwee, Pilonieta,
& Mendez, 2003; Klinger, Cramer, & Harry, 2006). Interventions cannot be
implemented with fidelity if allotted instructional time does not equal or exceed the
intervention exposure requirements. Therefore, a leader who is an effective time
manager is more likely to positively impact implementation than a less effective one.
When the internal and external environments are healthy, the leader is able to focus on
securing resources and modifying the structure more effectively, thus positively
influencing lgvels of FOI in general.
Programmatic or Intervention Factors

Programmatic factors are directly related to the curriculum or intervention, itself.
They may include the design, complexity, and interventioﬁ quality, in addition to time
required for implementation, materials supply, and fhe observers’ and implementers’

training quality (Gresham, 1989; Ruiz-Primo, 2006). Complexity level can refer to the
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number of interrelated components, number of steps involved, program comprehension,
and its implementation precision (Ruiz-Primo, 2006). Typically, the higher the
complexity level, the lower the FOI level. Intervention characteristics (Berinan &
McLaughlin, 1976; Durlak & DuPre, 2008, Kurki et al., 2006) can influence FOI through
the educational treatment or technology, resource levels, proposed scope of change, and
implementation strategies and requirements. The intervention adaptability (flexibility)
and compatibility (contextual appropriateness or fit) also influence FOI (Durlak & DuPre,
2008; Kurki et al., 2006). The program design, if not theoretically based and tested for
design specification fidelity, can lead to intervention failure (Greenberg et al., 2005).

After reviewing the relevant FOI barriers/opportunities literature, teachers,
instructional time, and intervention complexity appear to have the greatest potential
impact on FOI. In the next section, school-based physical activity interventions will be
discussed. Their complexities (e.g., number of components Aand research design) will be
reviewed and outcomes summarized.

School-Based Physical Activity Interventions

Multi-éctivity physical education curricular models continue to dominate school-
based physical education programs (Siedentop, Mand, & Taggart, 1986). Although a
number of scholars have questioned the effectiveness of multi-activity physical edﬁcation
(Ennis, 1999; Locke, 1992), curriculum developers rarely have successfully challenged
the anti-social gymnasium culture created, in part, by the multi-activity physical
education model (Ennis, 1995). Initial stabilizing conditions, such as the emphasis on

sports and games popular to a region, short 2- or 3-week units, and teachers’ beliefs that
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skills should be taught first and games played second, are historical characteristics of
multi-activity models (Lund, 1993) that act as strong attractors to sustain the multi-
activity curriculum. The;e initial conditions lead to attractor states (i.e., lack of
instruction, lack of teacher and student accountability, and marginalization of low-skilled
students) resistant to change in ineffective K-12 physical education programs (Parker &
Curtner-Smith, 2005). Scholars and researchers have responded to the multi-activity
curriculum challenge (i.e., ineffective attractor states) by creating bifurcations in the form
of large-scale physical activity interventions. They have attempted to implement them in
multi-activity physical education programs with varying results. Examples of these
attempts are summarized in the next few paragraphs.b

Because elementary physical education often is taught by a single teacher in a
small, relatively isolated environment, physical activity interventions frequently are
initiated at this school level. Elementary interventions have been designed to increase
physical activity levels, iinprove fitness levels, and prevent and/or treat childhood
overweight and obesity. Specifically, interventions emphasize increasing physical
activity during physical education, cognition and classroom-based knowledge, and
physical activity during non-school hours. Principal outcomes include time engaged in
physical 'activity, physical activity and health behaviors knowledge, cardiovascular risk
factors (e.g., cholesterol), and body composition (e.g., body mass index and body fat).

Physical education-based physical activity interventions are characterized By
- diversity in structure and program. For example, multiple, Varying length (8 weeks to 2

years), physical education-based physical activity interventions have resulted in higher
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amounts of moderate to vigorous physical activity during physical education (Donnelly et
al., 1996; Luepker et al., 1996; Sallis et al., 1997; Simons-Morton, Parcel, Baranowski,
Forthofer, & O’Hara, 1991) and increases in daily physical activity (Harrell et al., 1998;
Har;ell et al., 1996). Most interventions, however, have not produced significant changes
in body composition (Caballero et al., 2003; Donnelly et al., 1996; Luepker et al., 1996).
Accordingly, interventionsA have rarely resulted in improvements in fitness, adiposity,
and/br cardiovascular risk factors. Although, significant increases in physical activity |
have been detected, they may not be adequate to promote body composition and/or
fitness improvements. Additionally, the physical activity levels may not have been of
adequate intensity, duration, or type (i.e., aerobic activities) to facilitate fitness
improvements.
Elementary School Interventions

Several elementary level interventions have demonstrated promise in changing
elementary physical education to promote moderate to vigorous physical activity and
increased fitness understanding. The Sports, Play, and Active Recreation for Kids
(SPARK) project, for example, was a 2-year quasi-experimental intervention utilizing
fourth- and fifth-grade students from seven California elementary schools (Sallis et al.,
1997). The randomized controlled trial incorporated three teacher conditions: classes
taught by physical education specialists, trained classroom teachers, and untrained
classroom teachers. Findings indicated minutes per week of moderate to vigorous
physical actiVity bduring physical education were 40 min in the physical education

specialist-led schools, 33 min in the classroom teacher-led schools, and 18 min in the
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control schools. There were no significant differences, however, between the three
treatments for out-of-school physical activity or changes in body composition.
Furthermore, females increased their scores on fitness measures, while males did not.
These two later points are important because they may suggest that school-based physical
activity interventions based on a “one-size-fits-all” approach may not adequately address
the intricacies of the complex adaptive systems represented by schools and physical
education.

An elementary level intervention entitled, The Child and Adolescent Trial for
Cardiovascular Health (renamed Coordinated Approach to Child Health [CATCH] in
1999) provided additional insights into programmatic factors impacting school-based
moderate to vigorous physical activity. This curriculum was evaluated in a 3-year
randomized controlled trial implemented in third grade at 96 elementary schools in -
California, Louisiana, Minnesota, and Texas in an attempt to improve students’ diet and

physical activity levels. CATCH utilized school-based (i.e., physical education,

| classroom curricula, and food services) and family-based (i.e., family fun nights and

home curricula) modules in the experimental schools and traditional physical education
and food services in the control schools (Luepker et al., 1996). Experimental school
cafeterias served foods lower in fat and sodium, physical education teachers increased
moderate to vigorous physical aétivity to at least 50% of class time, and schools
established non-tobacco use policies. As aresult of the CATCH curriculum, the time
expended in moderate to vigorous physical activity during physical education improved

significantly in the experimental schools compared to the control schools. Students in the
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experimental schools also engaged in more vigorous physical activity compared to
students in »the control schools. During the 3-year follow-up, participants from the
experimental schools experienced significantly larger physical activiiy amounts
compared to the participants from the control schools, although the differences were
smaller than those reported during the intervention (Nader et al., 1999).

A 5-year, federally funded school-based intervention called Science, PE, & Me!
(Sun, Chen, Zhu, & Ennis, 2012) was evaluated from 2003 to 2008 in a large, urban
school district in Maryland. The intervention utilized a randomized clinical trial to
design, implement, and evaluate a constructivist-based, science-enriched, health-related
physical education curriculum (30 unique lessons per grade) for Grades 3-5. Both the
experimental group and control group contained over 6,000 third- through fifth-grade
students from 30 elementary schools. Results from the intervention indicated that
students in the experimental group were moderately physically active in most lessons
(Chen, yMartin, Sun, & Ennis, 2007) and increased their fitness-based knowledge (Sun et
al., 2012).

Two elémentary school-based physical activity interventions implemented outside
the United States also are worth noting. First, a 6-month overweight prevenﬁon study

incorporating physical activity and nutrition components targeted elementary schools in

different areas of Chile (Kain et al., 2004). The physical activity intervention portion

included classroom-based lessons in Grades 1-8, 90 physical activity min per week in

~ Grades 3-8, and active recess. The results revealed significant improvements in fitness,

body mass index, and waist circumference in the experimental schools compared to the
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control schools. This intervention offers support that the school culture can be adapted to
provide larger physical activity quantities and better-quality nutrition to promote changes
in fitness and Body composition.

Secondly, Manios, Moschandreas, Hatzis, and Kafatos (1999) conducted a 6-year
intervention study in Greece targeting students in Grades 1-6. The program included
educational seminars for parents, and enhanced physicai eciucation (i.e., two 45-min
physical education classes per week) and classroom education for the children. After 3
years, children in the experimental schools significantly improved th¢ir health knowledge
and reported more leisure-time physical activity compared with students in control
schools WHo received traditional physical education. Long-term school-based
interventions are challenging to implement due to a multitude of factors. Longer
interventions are more complex, which in turn negatively impacts implementation
fidelity. This study, along with Science, PE, Me!, provided evidence that long-tefm
school-based interventions can be implemented with success and value to stakeholders.

Some elementary school-based studies have targeted the after-school hours as the
primary intervention focus. For example, a study (Owens et al., 1999) conducted in
Georgia focused on overweight 9- to 11-year-old children. Children (N = 81) were
recruited from local elementary schools and transported after school to the Medical
College of Georgia. In this cross-over design, participants were randomly assigned to
one of two conditions: an exercise/no exercise or a reversed no exercise/exercise format.
Each group participated for 8 months in their condition: equally divided into 4-month

sub-conditions. Physical activity was offered 5 days per week for 40 min per session and
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elicited heart rates at or above 150 beats per minute in the participants. Children who
exercised during the first 4 months had a reduction in body fat during the first 4 months
compared to the participants who did not exercise during the first 4 months. When the
initiai exercise group stopped exercising after 4 moﬁths, their body fat levels returned to
pre-intervention leveis (Owens et al., 1999).

In a separate study conducted by The Medical College of Georgia Exercise
Project group (Barbeau et al., 2007), researchers recruited approximately 300 African
American females in Grades 3-5 for a 10-month, after-school physical activity
randomized controlled trial. The 80-min physical activity program (25 min for skills, 35
min for moderate to vigorous physical activity, and 20 min for toning), based at the
participants’ school gymnasiums, included ego-oriented and mastery-oriented physical
activity. Initial results indicated that participants in the physical activity experimental
group significantly (all p values <.05) increased their moderate to vigorous physical
activity levels and demohstrated improvements in cardiovascular fitness (measured by a
graded treadmill test) and body composition (measured by DXA) compared to
participants in the control group (Barbeau et al., 2007).

The latter two physical activity intérventions suggested that school-based
interventions should be convenient to and for the participants. One intervention provided
transportation and the other intervention utilized local school property, which in most
cases was convenient for the participants. Participantkresponsiveness and engagement is

one of the six components to consider when measuring intervention FOI.
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Middle School Interventions
Several middle-school physical activity interventions produced positive effects on

fitness, physical activity levels, and adiposity (Alexandrov, Maslennikova, Kulikov,

Propirmij, & Perova, 1992; Colchico, Zybert, & Basch, 2000; Hoerr, Nelson, & Essex-

Sorlie, 1988; Vandongen et al., 1995).

The Cardiovascular Health in Children and Youth Study (CHIC II, McMurray et
al., 2002), for instance, was a randomized controlled study conducted over an 8 week
period. Four middle schools enrolling 1,140 students participated in the study with each
school assigned to one of the following conditions: physical activity only, education only,
education and physical activity combined, or control. The physical activity middle
schools received aerobically-based physical education for 30 min, 3 days per week. The
education middle schools conveyed health content in a cléssroom setting by a certified
health education teacher, while the control group followed their usual health and physical
education curriculum. The intervention produced a significant increase in cardiovascular
fitness measured by a cycle ergometer test in the education and physical activity
combined group compared to the education only group. No significant cardiovascular
fitness changes occurred between the other groups. In addition, at study’s conclusion,
systolic blood pressure was signiﬁcantly lower in all three interventions groups compared
to the control group.

The Class of 1989 Study, conducted as part of the Minnesota Heart Health
Program, was a 7-year cross-sectional and longitudinal randomized controlled

intervention enrolling approximately 2,300 students in Grades 6-12 (Kelder, Perry, &
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Klepp, 1993). During sixth ahd seventh grades, students completed an annual physical
activity behavior éurvey. The initial physical activity intervention implemented iﬁ eighth
grade encouraged participants to engage in physical activity outside of school. The next
physical acﬁvity intervention, implemented in 10th grade, was a peer-led curriculum
focused on promoting regular physical activity and healthy eating. During follow-up,
intervention groﬁp females self-reported higher physical activity levels compafed to the
control group females. Males showed no significant difference, supporting the premise
that physical activity interventions may be more effective if they contain geﬂder—speciﬁc
components.

The Middle School Physical Activity and Nutrition (M-SPAN; Sallis et al., 20(;3)
intervention was a randomized controlled 2-year project that focused on revising school
policy and environment to impact both physical activity and nutrition éomponents. The
physical activity component focused on increasing physical activity levels during
physical education and making school climate revisions to facilitate increased physical
activity during leisure time (i.e., bgfore schpol, at lunch, and after school). Researchers
worked cooperatively with a school-based health policy committee composed of school
administrators, staff, parents, and students to develop and enact school policy changes.
Male students in the intervention schools demonstrated a significant increase in physical
activity during physical education and school-leisure time compared to the males in the
control schools. The findings from this intervention indicated that changes to school-
based policies can improve intervention FOI and positively impact intervention

outcomes.
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The purpose of the 3-year Trial for Adolescent Activity Girls (TAAG; Webber et
al., 2008) was to change physical education and health education through teacher
training, school health services, school environment, faculty/staff health promotion, and
school-community linkages. Researchers employed a randomized controlled trial to
measure sixth- through eighth-grade females’ changes in physical activity levels using
self-report inventories and accelerometers. The findings showed no significant changes
in physical activity levels after the 2-year, staff-directed intervention. The 3rd-year
component, TAAG Program Champion (Webber et al., 2008), however, indicated females
in the experimental schools were significantly more physically active than females in the
control schools. TAAG Program Champion was facilitated by school-based teachers and
staff recruited and trained by TAAG intervention staff to sustain the intervention. The
3rd-year findings supported the direct relationship between implementer ownership,
delivery‘quality, and FOI level.

Planet Health was a 2-year experimental intervention using 10 randomly matched
middle schools and approximately 1,500 students (Gortmaker et al., 1999). The
intervention entailed both a physical activity and nutrition component taught in both
physical education and classroom settings, while control schools continued teaching their
traditional curriculum. The physical activity component was designed to increase
rhoderate to vigorous physical activity and reduce television viewing time. The females
in the experimental condition demonstrated a significant improvement in body

composition compared to the females in the control group. Both males and females in the
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intervention group reported significantly less television viewing compared to the control
group. No significant differences were reported for physical activity levels.

Active Winners was a multifaceted intervention conducted in South Caroliha that
utilized school, after-school, home, summer camp, and community components (Pate et
al., 2003). The intervention began with a summer camp (5 hr per day) focused on fitness,
sport skills, academics, and social skills for children who just completed Grade 5. The
summer cémp was followed by physical activity interventions in Grade 6, implemented
both during and after-school, another summer camp after completing Grade 6, and a one
semester follow-up in Grade 7. The home and community portions of thé intervention
were implemented throughout the study duration, and included educational newsletters,
take-home physical activities, and family nights. Some components (i.e., home, school,
and community) were not implemented as designed due to minimal resources. This may
have contributed to the finding of no significant differences in self-reported physical
activity between the experimental and control groups.

High School Interventions

Corﬁparatively speaking, although there are fewer published school-based
physical activity intervention studies targeting high school students, a maj ority of these
do includer a follow-up period; an important component missing in many school-based
physical activi;cy interventions.

For examﬂe, Project FAB was a 4-month intervention trial focused on females (n
= 58) in Grades 10 and 11 from two secondary schools (Jamner, Spruijt-Metz, Bassin, &

Cooper, 2004). The enriched physical education program for females incorporated
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- various physical activities for 60 min per day for 4 days per week and one class pér week

dedicated to strategies for becoming more active and physical activity health benefits.
The females in the experimental school showed significant improvements in
cardiovascular fitness (as measured by a cycle ergometer test) and self-reported moderate
to vigorous physical activity compared to the control school at intervention completion.

New Moves was a 16-week, randomized controlled intervention with an 8-week
follow-up delivered in Grades 9 and 10 for females from six secondary schools in the
Minnesota Twin Cities area (Neumark-Sztainer, Story, Hannan, & Rex, 2003). The
major intervention component was enriched physical education offered 4 days per week.
Over the four physical education days per week, 1 day was reserved for a guest instructor
from the community, 1 day was reserved for resistance training, and 2 days was reserved
for student-selected activities. The control schopls continued to teach their usual physical
education curriculum. The participants’ Body mass indices and self-reported physical
activity levels displayed no significant differences between experimental and control
groups. Students’ physical activity readiness also was recorded in the intervention.
Although no significant differences in readiness scores were detected between the two
groups, during follow-up the intervention group females’ readiness scores were
significantly different from scores of the control group during follow-up. The later result
is important, as it verifies that follow-up periods can provide valuable information about
inteweﬁtion success.

The Lifestyle Education for Activity Program (LEAP) was a 2-year randomized

controlled project conducted with ninth-grade females from 24 secondary schools in



63

South Carolina (Pate et al., 2005). The intervention contained two modules intended to
create a climate that encouraged physical activity in high-school females. Module 1
included a 1-year physical education program focused on developing motor skills,
encouragement, modeling success, and moderate physical activity. Module 2 included
behavior and health education promoting lifelong physical activity. After the first year,
vigorous physical activity time was significantly higher in the intervention schools than
in the control schools, with even higher vigorous physical activity time in high fidelity
schools. Additionally, Saunders et al. (2006) reported a significant linear dose-response,
indicating a dose effect in vigorous physical activity from low to high FOI schools.
LEAP is one of the first school-based physical activity interventions to report
implementation fidelity. FOI levels were determined using a 25-item lesson observation
checklist, a LEAP criteria scale, and school administrator interviews. Schools were
ranked ordered using these data soufces. Schools consistently ranked in the bottom third
of the measures were labeled as low fidelity schools.
Summary

To date, even though some school-based physical activity interventions have
provided mixed results, both positive and negative findings can inform researchers when
designing new interventions. Interventions that included implementer training, support
from intervention staff, and philosophically matched implementer ideals consistently
produced significant results. Interventions involving follow-up periods also tended to
produce significant outcomes. Although few interventions measured FOI, the ones that

did suggested that FOI can help explain variance between outcomes.
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Limitations of School-Based Physical Activity Interventions

There are several limitations accompanying the school-based physical activity
interventions published to date. In large part, the intervention trials used self-report
physical activity measures and fitness measures administered by individuals with a wide
range of experienc;es and qualifications. Although self-report physical activity measures
are common, reliability and validity issues surround the accuracy and honesty of recall-
based measures, especially when completed by children and adolescents. Further,
although the fitness measures used in the intervention studies were validated as age-
appropriate, test administrators varied in their ability to consistently implement the tests
as validated.

Clearly, long time periods and specific protocols are required to invoke
educational, behavioral, and physiological changes. Unfortunately, many studies
reviewed were short in duration and/or failed to include vigorous physical activity.

Improvements in fitness levels generally occur only as a result of high-intensity, long-

“term, long-duration, specific physical activity training. It may be unrealistic to anticipate

significant improvements in fitness without an appropriate training environment.

Many intervention studies used physical education as the vehicle to deliver
physical activity. On the surface, it is logical for school-based physical activity
interventions to target physical education. Because students (and résearchers) assume
students are going to be active in physical education, researchers reason that inserting a
physical activity intervention into an already physically active class will increase

students’ physical activity and fitness levels, while causing the least interruption in daily
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routine. However, givenA the limited instructional time allocated to physical education,
students spend a relatively small portion of their school week in physical education.
Physical activity time in physical education is constrained and can only be as high as the
time the school allocates for physical education.

Given the interventions examined in this review, it is clear that physical activity
levels in schools can be increased. Further, follow-up studies and programs to sustain the
increased physical activity levels after intervention completion is gaining value because
teachers often revert to the previous program. Long-term focus on the intervention

appears necessary to combat the tendency of children and adolescents to gain

- nonessential body fat (Ogden, Carroll, Kit, & Flegal, 2012). Using the above

interventions as prototypes, intervention success during implementation and during
follow-up appears to depend primarily on the fidelity levels achieved by intervention
implementers (i.e., physical education teachers, classroom teachers, and after-school
physical activity directors), physical activity levels embedded in the lessons, inclusion of
relevant knowledge components, and the level of intervention complexity. Intervention
complexity impacts implementers’ abilities to be faithful to the intervention. Adherence,
coverage, and delivery quality appear to be key indicators for FOI. These three
components impact participant responsiveness and intervention context, and as a result,
impacts outcome variables, such as student physical activity levels and knowledge
change. These critical elements define intervention success and provide an opportunity
to better understand the complex adaptive systems known as schools. Although schools

have long resisted change, intervention efforts to bifurcate these stable systems and



generate reform rely on clear understandings of the systems’ initial conditions and
attractor states, and the intervention itself needs to be designed and implemented with

fidelity.
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CHAPTER III

RESEARCH METHODS

The modified conceptual framework for implementation fidelity presented in
chapter II (Figure 2.1) includes the components of implementation fidelity (RQ1),
intervention outcomes (RQ2), and moderating factors that may impact the degree of
fidelity (RQ2 and RQ3). The conceptual framework suggests that fidelity is influenced
by the moderating factors of participant responsiveness to a program, facilitation
strategies, and context. Furthermore, although the relationship between an intervention
and its outcomes is external to implementation fidelity, the degree of implementation
fidelity achieved can affeét this relationship. This study examined implementation
fidelity in four middle schools implementing the Science of Healthful Living (SHL)
curriculum. This research design to examine fidelity of implementation (FOI) was
conducted within the overall structure of the NIH sponsored randomized clinical trial
currently occurring to investigate outcomes associated with the SHL curriculum.
Research questions that guided this study were:

1. To what extent do teachers implement lessons from a sixth-grade physical
education curricular intervention with fidelity (adherence — coverage and delivery
quality)?

2. What is the relationship between implementation fidelity and student outcomes

(i.e., knowledge gain and physical activity intensity levels)?
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3. - What reasons do teachers offer for making changes to the intended curriculum as
they implement it in their school contexts (moderating variable of context)?

In this chapter I will first discuss the relevance of the research questions within a
FOI framework. I will then discuss the SHL project in general, emphasizing the unique
characteristics of my research design, research sites and participants, research sampling,
variables and measures, research procedures (i.e., ethics, data collection, data reduction,
and data analysis), threats to validity and reliability, credibility, and my role as the
researcher.

Fidelity of Implementation Framework
Fidelity Variables — Adherence (RQ1)

In the modified conceptual framework used in this research, the measurement of
implementation fidelity is limited primarily to the measurement of adherence (RQ1), with
its subcomponents — coverage and delivery quality. Thus, adherence relates to the
coverage of the intervention; specifically whether the key components of the intervention
have been received by the participants as frequently and for as long as planned in a high
quality manner. In this study, adherence was used as the principal measure of fidelity
and included the subcomponents of coverage and delivery quality.

Outcome Measures (RQ2)

Student physical activity intensity levels and student knowledge growth were the
intervention outcomes in this study. The level of implementation fidelity is expected to
influence intervention outcomes. The dilution of intervention components and/or

deviation from the prescribed curriculum can have unintended consequences on physical
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activity intensity levels and student knowledge growth outcomes (Dane & Schneider,
1998) in the SHL intervention.
Moderating Variables for Fidelity of Implementation (RQ2 and RQ3 - context only)

Teacher satisfaction. One critical moderating variable in the examination of

implementation fidelity is participant responsiveness, or how well participants respond to,

or are engaged by an intervention. It involves decisions by participants about the
outcomes and applicability of an intervention (Carroll et al., 2007). Responsiveness
refers both to individuals responsible for delivering it and individuals receiving the
intervention. In this study, participant responsiveness was the teachers’ satisfaction level
with the intervention components.

Intervention facilitation strategies. Complex interventions that are clearly
described are assumed to be easier to implement with high fidelity than vague or poorly
defined interventions (Greenhalgh, Robert, Macfarlane, Bate, & Kyriakidou, 2004).
Thus, a second moderating variable in this research was the use of adequate facilitation
strategies to increase opportunities for higher and more standardized fidelity. In this
study, facilitation strategies were defined as the number of professional development
sessions each participating teacher attended during the study and the number of coaching
visits to each sixth-grade physical education class.

Preexisting context. Lipsey and Cordray (2000) emphasized the importance of
taking into account a third moderating factor, preexisting context, in examining the
quality of implementation fidelity for the new intervention. Preexisting context includes

preexisting social systems, such as inter-organizational linkages, structures and cultures
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of organizations and groups, as well as concurrent events. For example, the professional
relationship between a school’s administration and its physical education faculty can
impact physical education inétructional time. The amount of instructional time afforded
to physical education teachers plays a deciding role in what can and cannot be taught and
at what level of detail. In this study, preexisting context was examined through the
teachers’ positive and negative aésessments about the appropriateness of implementing
the intervention at their school and the context-related reasons they cite for making
modifications to the intervention.

Carroll et al. (2007) suggested that there are complex relationships at work
between the moderators that may further influence the relationship between an
intervention and its implementation fidelity. For example, fewer minutes of teacher
training may be supplementéd with increased opportunities for teachers to receive
coaching. Likewise, very well designed teacher performance evaluations may
compensate for fewer training and coaching experiences. In summary, the conceptual
framework for the implementation fidelity construct suggests that different moderating
factors might enhance or constrain the implementation process and its fidelity. These
factors often interact, and the impact of one factor on implementation fidelity might be
affected by another moderating factor. The conceptual framework suggests that all
factors should be assessed systematically when performing a process evaluation study. In
this study, the conceptual framework in Figure 2.1 was used as a theoretical model to

organize data collection and analyses.
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The purpose of this study was to examine physical education teachers’ FOI of a
middle school (Grades 6-8) SHL physical education curricular intervention. In this
investigation, the reasons teachers cited for making adaptations to the intervention and
the impact FOI had on student physical activity intensity levels and knowledge growth
were examined as elements of implementation fidelity. To this end, I collected data via
instruments and procedures that support: (a) qualitative analysis of adherence and its
subcategories of coverage and delivery quality (RQ1), (b) quantitative analysis of the
impact that FOI had on student physical activity intensity levels and knowledge growth
(RQ2), and (¢) qualitative analysis of teachers’ rationale for making modifications to the
intervention (RQ3).

Science of Healthful Living Project

I implemented the dissertation study during the second year of the larger, 5-year
SHL project conducted by the University of North Carolina at Greensboro with support
provided by the National Institutes of Health. The goal of the SHL project was to design
and evaluate a science-based middle school SHL curriculum to increase students’
cognitive knowledge and interest in health-related science, increase their intention to
pursue a life science-related career, and improve their family members’ understanding of
National Institutes of Health funded clinical and basic research results. The SHL project
designed a health-related science-based curriculum for middle school physical education.
Consisting of two, 20-lesson units, Cardio Fitness Club and Healthy Lifestyles, the
lessons engage students in the sg:ientiﬁc inquiry process in physical education. Students

engage in physically active lessons to examine the effects of exercise and healthy
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nutrition on their bodies. They explore a range of topics such as the physiology of
exercise, food-fueled energy systems, caloric balance, nutrition/portion sizes, and the role
of physical activity and nutrition in stress management. The scientific inquiry process is‘
embedded in each lesson using the 5 Es (i.e., Engagement, Exploration, Explanation,
Elaboration, and Evaluation) learning cycle strategy (Bybee et al., 1989) to assist
physical educators and students enbgage in the scientific inquiry process in a hands-on
approach to science. Students are afforded opportunities to make predictions about
physical activity concepts, test their predictions, and draw conclusions about their
predictions in physically acﬁve environments. Additional informatign about the larger
SHL project can be found at http://www.uncg.edu/hhs/ sciencc—of—healthﬁll-living.

During Year 2, the SHL project was set in seven local education agencies in the
Piedmont region of North Carolina. Twenty-five middle schools, including five new
middle schools recruited in Year 2 of the study, participated in the project, including over
16,000 diverse students and 70 middle school physical education teachers. Using a
randomized controlled experimental design, the middle schools were stratified during
grant Year 1 into matched pairs according to socioeconomic status (derived from free and
reduced-price meals school-level data) and scores on end of grade tests in mathematics
and reading. One school in each pair was randomly assigned to teach the SHL curriculum
(experimental school) and one school taught the traditional sport-based or multi-activity

physical education (control school).
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Research Design

I used a mixed methods desigﬁ to collect and analyze both quantitative and
qualitative data éxamining implementation fidelity in the SHL project (Creswell, 2013;
Creswell & Plano Clark, 2011; Tashakkori & Teddlie, 2010). Using multiple data
collection strategies provided a more complete analysis than any single method alone
could accomplish when addressing the problem (Creswell, 2013; Creswell & Plano
Clark, 2011; Tashakkori & Teddlie, 1998; 2010). A mixed methods design was
appropriate because FOI measurement and analysis required both quantitative and
qualitative data collection and analysis during various study stages. Identifying emergent
and unanticipated practice behaviors in the SHL project, such as the reason(s) Why a
teacher decides to omit a critical lesson component (i.e., the 5 Es), may have been
difficult if predetermined quantitative measures were used in isolation. Mixed methods
appréaches, howeVer, offered complementary insights into understanding the faithful
implementation of the SHL curriculum (RQ1), the impact FOI had on student outcomes
(RQ?2), and the reasons teachers cited for making modifications fo the intended
curriculum (RQ3).
Quantitative Method

Multiple regression was used to measure the relationship of the predictor
variables to the criterion variable. According to Figld (2009), “Regression analysis is a
way of predicting an outcome variable from one predictor variable (simple regression) or
several predictor variables (multiple regression)” (p. 198). Specifically, the simultaneous

method (i.e., forced entry) of multiple regression allows the researcher to specify the set
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of predictor variables that make up a multiple regression model and control for a
| relatively low number of cases (Field, 2009). The success of this model in predicting the
criterion variable is then assessed.

Qualitative Method

Qualitative research is “an inquiry process of understanding ...” in which “the
researcher builds a complex, holistic picture; analyzes words; reports detailed views of
informants; and conducts the study in a natural setting” (Creswell, 2013, p. 300). In this
approach, the researcher makes knowledge claims based on the advocacy/participatory
(Mertens, 2003) or constructivist (Guba & Lincoln, 1982) perspectives. In qualitative
research, data are collected from those exposed to the everyday life of th¢ setting, which
frames the study. Qualitative research positions the researcher as the primary research
instrument in a naturalistic environment to collect and interpret participant perspectives
| (Patton, 2002). In this research, data were collected in the form of detailed observation
field notes and in-depth interviews from teacher participants. Analysis of qualitative data
was grounded on the ideals that these participants perceived for their world (Corbin &
Strauss, 2008). Data were presented in categories and themes to describe lived
experiences of participants within the SHL curriculum implementation process.
Research Sampling
A selective sample of schools was chosen from the 15 schools randomly assigned

to implément the SHL Curriculum. Any experimental school (n = 15) that had at least
one new SHL teacher during the 2012-2013 school year was considered for the study. Of

the 15 schools with teachers new to the project, four schools located in a cluster were
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selected to facilitate data collection. Implementation fidelity in each of the sixth-grade
physical education classes (n = 17) at the four schools was examined in this study.
Research Sites and Participants

Participants were middle school physical education teachers and their sixth-grade
students from Albany, New River, St. Anthony, and Titan Middle Schools (pseudonyms).
These middle schools were located in the Piedmont region of NC and served students in
Grades 6-8; ages 11-14. Each school was selected because the teachers were voluntarily
| participating in the SHL project effectiveness study for the first time during the 2012-
2013 ‘school year. The four schools selected for this research had been randomly
assigned to the intervention group. Physical education teachers taught the SHL
curriculum consisting of the 20 structured lessons from the sixth-grade Cardio Fitness
Club unit.

Albany Middle School enrolled over 220 sixth-grade students during the 2012-
2013 academic year. Approximately 52% of the students were male, 14% were White,
69% were Black, 7% were Hispanic, 6% were Asian, and 73% received free and reduced-
price meals (FARM; Education First NC School Report)Cards, 2011). There were four
middle school physical education teachers (two males and two females) employed at
Albany Middle School during the 2012-2013 academic year. Students received gender
segregated physical education instruction for the entire school year on a 1-week physical
education and 1-week health éducation rotation. There were seven sixth-grade physical

education classes at Albany Middle School.
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New River Middle School enrolled over 190 sixth-grade students during the
2012-2013 academic year. Approximately 50% of the students were male, 35% were
White, 12% were Black, 48% were Hispanic, and 77% received FARM (Education First
NC School Report Cards, 2011). There were two middle school physical education
teachers (one male and one female) ‘employed at New River Middle School during the
2012-2013 academic year. Students received coeducational physical education ‘
instruction for one‘ semester using a 4-week physical education and 2-week health
education rotation. Only the sixth-grade students enrolled in three physical education
classes during the first semester participated. in this study.

St. Anthony Middle School enrolled over 180 sixth-grade students during the
2012-2013 academié year. Approximately 48% of the students were male, 52% were
White, 17% were Black, 25% were Hispanic, and 60% received FARM (Education First
NC School Report Cards, 2011). There were two middle school physical education
teachers (one male and one female) employed at St. Anthony Middle School during the
2012-2013 academic year. Students received coeducational physical education
instruction for one semester using a 4-week physical education and 2-week health
education rotation. Only the sixth-grade students enrolled in three physical education
classes during the first semester participated in this study. |

Titan Middle School enrolled over 200 sixth-grade students during the 2012-2013
academic year. Approximately 55% of the students were male, 24% were White, 44%
were Black, 25% were Hispanic, and 86% received FARM (Education First NC School

Report Cards, 2011). There were two middle school physical education teachers (one



77

male and one female) employed at Titan Middle school during the 2012-2013 academic
year. Students received gender segregated physical education instruction on an A day/B
day rotation. There were four sixth-grade physical education classes at Titan Middle
School.

| Variables and Measures
Adherence — Coverage and Delivery Quality (RQ1)

Lesson observation was the primary data source for adherence data. Assuch it
was the primary FOI variable in this study.

- Lesson observations. I collected detailed field notes for each observed lesson
and systematically coded these to examine adherence based on coverage and delivery
quality per sixth-grade physical education class.

Intervention Outcomes (RQ2)

Standardized knowledge tests. Student knowledge test gain scores served as
one of two intervention outcomes in this study. All sixth-grade students receiving the
intervention completed a 10-item pre- and post-instruction knowledge test. The two
assessments were multiple-choice (four choices) and administered through Qualtrics
(Qualtrics Labs, Inc., Provo, UT). The test items for the Cardio Fitness Club unit were
created to match the content covered in the unit to increase the content validity of the
tests. The pretest was administered during the lesson immediately preceding lesson 1 and
the posttest was administered immediately after lesson 20.

In-class student physical activity intensity levels. The second outcome

variable, student physical activity intensity levels, was measured with Actigraph GT3X+
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accelerometers (Actigraph, Pensacola, FL). The GT3X+ accelerometer is a small (4.6 cm
x 3.3 cm % 1.5 cm), light (19 g) device contained in a plastic case that participants attach
using an adjustable elastic waist strap. The solid stete accelerometer measures and
records physical activity vector magnitude counts in three physical axes. In the pre-
filtered raw mode, accelerometer output represents the actual G-force si gnal
untransformed by a band-pass filter and sampled at a frequency of 30 Hz (John &
Freedson, 2012). The G-force signal is then converted by a 12-bit analog-to-digital
converter with the output band-pass filtered across a frequency range of 0.25 Hz to 2.5
Hz (John & Freedson, 2012). The filtered signal is then rectified and iﬁtegrated over a
user-specified time frame (i.e., epoch). At the end of each epoch, a vector magnitude
count is calculated and stored in memory, the integrator is reset, and the process starts
over. The sampling epoch length was set at 10 s for this study.

Intensity levels were categorized as sedentary, light, moderate, vigorous, and very
vigorous. Intensity level category cutoff points (sedentary: vector vmagnitude count <
150; light: 150-499; moderate: 500-3,999; vigorous: 4,000-7,599; very vigorous: > 7,599)
categorized by Freedson, Pober, and Janz (2005) determined student physical activity
intensity levels (i.e., sedentary, light, moderate, vigorous, or very vigorous) during SHL
lessons. The device has demonstrated high inter-instrument reliability (» = .86-.89) and
intra-instrument reliability (+ = .86; Melanson & Freedson, 1995).

Strategies to Facilitate Implementation (RQ2) -
Professional develobment attendance. Teacher professional development was a

critical component of the SHL project and as such was a potential moderator of
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implementation fidelity. Attendance sheets from SHL professional development sessions
were used to determine how many and which professional development sessions each
participating teacher attended during the study.

Coaching visits. The support provided by the SHL project team also was a
critical component of the SHL project. The level of support provided by the trained
project coaches to the project teachers can be a moderating factor on teacher fidelity.
Coach’s travel logs were used to determine the number and purpose of coaching visits per
sixth-grade physical education class.

Participant Responsiveness (RQ2)

Ease of Use survey. - In this study, participant responsiveness was the teachers’
satisfaction level with the intervention components. An “Ease of Use Survey” was
completed by the teachers in this study at the completion of the Cardio Fitness Club unit.
The survey was web-based and disseminated through Qualtrics. The survey contained
items pertaining to the quality of the lessons, student reflective journal, coaching,
professional development, and teacher resources.

Context (RQ3)

Teacher interviews. In this study, preexisting and intervention context factors
were defined through the reasons teachers gave for modifying the intervention lessons. I
formulated interview questions during the lesson observations as teachers were observed
adhering and deviating from the intervention lessons. The goal of the teacher interviews

was to gain insight into why teachers made changes to the intervention lessons and the
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teachers’ positive and negative assessments about the appropriateness of the intervention
*at their school.
Procedures
The procedures proposed for this dissertation study consisted of three phases.
Table 3.1 provides the timeline of the procedures. In Phase 1, institutional review board
(IRB) approval was obtained from the University of North Carolina at Greensboro.
Because this research was conducted within an on-going research study with IRB
-approval (11-0009), the principal investigator reported this research as a “research
modification.” The IRB approval letter is provided in Appendix A. Phase 2 entailed 10-
15 weeks of data collection. Phase 3 included data analysis and the communication of
the findings. More detailed procedures can be found in the following paragraphs.
Human Participants and Ethics
- Upon dissertation proﬁosal approval, I submitted an IRB application to the
principal investigator outlining my research. The principal investigator then submitted a
modification to the current IRB application (v1 1-0009) to the University of North Carolina
at Greensboro’s Office of Research Compliance and Guilford County Schools. Teachers
participating in this study provided informed consent prior to data collection (see
Appendix B). Students selected to wear accelerometers signed an assent form (see
Appendix B) and their parent and/or guardian provided parental permission prior to
collecting physical-activity intensity levels data (see Appendix B). Ifiled teacher consent

forms, assent forms, and parental permission forms in a locked file cabinet in a locked
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* research laboratory at the University of North Carolina at Greensboro. All schools

participating in this study were assigned a pseudonym to maintain their anonymity.

Table 3.1

Tentative Timeline for Dissertation Progression

| Phase Week Task
1 1-2 IRB approval of 11-0009 modification
2 3-15 Data collection
| 3 Obtained signed consent and assent forms and class
) lists
4-14 Observed lessons, collected physical activity data,
and interviewed teachers
15 Administered posttests and ease of use surveys
3 16-30 Data reduction, analysis, and dissertation writing
16-17 Reduced physical activity, knowledge test, and Ease
of Use survey data
18-19 Reduced observation and interview data
20-22 ~ Analyzed data
23-30 Wrote chapters IV, V, and VI of dissertatibn

All teachers and students participating in this dissertation study were assigned a unique
identification number to maintain their anonymity. All electronic files containing school
names and their pseudonym and teachers’ and students’ names and their assigned

identification numbers were stored in a separate folder in a password protected computer
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in the electronically keyed research laboratory at the University of North Carolina at
Greensboro. All schools and teacher and student data collected were identified using the
appropriate identiﬁer.

Data Collection

I informed participants of the purpose and processes to be used in the research and
secured assent, consent, and permission from the participants as described above. I asked
each participating teacher for his/her sixth-grade physical education class enrollment lists
for the 2012-2013 school year. Class lists were used to assign students unique study
identification numbers.

Lesson observations (RQ1). Once knowledge pretesting was complete at each
participating school, participating teachers began teaching the sixth-grade Cardio Fitness
Club unit (lessons 1-20) to their sixth-grade students. I began visiting each participating
school beginning with Iesson 6 to collect detailed field notes on lessons 6-20.
Observation field notes for lessons 1-5 were not collected to allow teachers to become
familiar with the lesson format, pacing, and content prior to data collection. Observation
field notes were recordéd on the standard qualitatively-oriented SHL observation form.
The SHL observation form was used because it aligned with the general structure of each
lesson and facilitated field notes collection. It contained sections for recording the
standard school, teacher, grade, period, and date of observation and categories for
describing in detail events that occurred during each of the 5 Es within the lesséns. The
categories for the 5 Es contained subcategories related to lesson timing, delivery quality,

student enjoyment, and student journal use during that section. I observed, in a non-
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participatory capacity, at least 40% of lessons 6-20 implemented in éach sixth-grade
class. Participating teachers were not informed about when or which lessons I would
observe.

Standardized knowledge growth (RQ2). Depending on school academic
calendars and school computer lab availability, participating teachers administered the
sixth-grade, 10-item standardized knowledge pretest to their sixth-grade physical
education students prior to teaching Cardio Fitness Club lesson 1. I sent a Qualtrics
pretest hyperlink to teachers via email communjcafion. Teachers administered the pretest
to their students in the schools’ computer lab or via individual student laptop computers
or tablets. After completing the 20 lessons, participating teachers re-administered the 10-

| item test used for pretesting via Qualtrics. Class completion rates were tracked in
Qualtrics during both the pre- and posttests and teachers were reminded of classes that
had not completed the testing.

In-class student physical activity intensity levels (RQ2). After pretesting was
completed at each school, each participating teacher assisted me in selecting six students
per sixth-grade class (n - 102 students). Stude;lts were selected purposefully to geﬁerat'e
a balanced sample based on gender and body mass index to Wear physical activity
accelerometers.

During lessons 6-20 of the sixth-grade Cardio Fitness Club unit, I collected
physical activity intensity level data each time I observed a lesson. The six students
selected per class were introduced to and assigned a uniquely numbered accelerometer.

Each student wore their assigned accelerometer at least once during lessons 1-5 to learn
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how to put it on and to minimize the reactivity effect of wearing the accelerometer for the
first time. Students put on the accelerometer as they entered the gymnasium from the
locker room and returned it just prior to reentering the locker room at the end of the class
period. I observed each student attach the accelerometer to his/her waist to ensure the
proper positioning of the accelerometer. Students were asked to wear the device on their
waist above their right knee using a supplied elastic waist band. During physical activity
intensity level data collection, I rechded lesson unit and number and lesson start and end
time.

Professional development attendance (RQ2). During the Cardio Fitness Club
unit, participating teachers were invited to attend three 6-hr professional development
sessions hostéd by the larger SHL project. The professional development sessions further
explained the intervention theory, presented demonstration lessons containing best
practices, and provided an open forum for participating teachers to discuss their project
experiences. Teachers attending the professional development sessions were asked to
sign an attendance sheet. Frequency of attendance (n = 0-3) was the variable of interest
in this category.

Coaching visits (RQ2). As a participant in the SHL project, each school was
assigned a trained project coach. The coach’s responsibilities were to provide support to
and serve as the first contact for the schools. I was assigned as the coach for the four
participating schools in this study. Each time I visited a school and a sixth-grade physical

education class to provide project support, I recorded the trip on a travel log.
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Ease of Use survey (RQ2). At the completion of the sixth-grade Cardio Fitness
Club unit, I sent participating teachers a Qualtrics hyperlink via email communication
directing them to a Cardio F itﬁess Club unit Ease of Use survey. Teachers were asked to
complete the aurvey within. 5 days of finishing lesson 20 of the Cardio Fitness Club unit.

Interviews (RQ3). After each lesson observation, I interviewed each teacher
asking unique questions based on the recently completed lesson observation. The
questions were based on observed deviations from the lessons as written and probed
teachers on why they elected to make changes to the intended lessons.

Data Reduction

Data from lesson observations and teacher interviews were transcribed into
separate Microsoft Word files. Standardized knowledge test data, physical activity data,
Ease of Use survey responses, coaching visits, and professional development attendance
were entered into a Statistical Package for the Social Sciences (IBM SPSS Statistics
Version 20, Release 20.0.0, IBM, Inc., Armonk, NY) database. Quantitative data sources
were examined carefully to check for incomplete or missing data. Qualitative data
sources were transcribed for analysis.

Lesson observations and interviews (RQ1 and RQ3). I transcribed the lesson
observation field notes and teacher interview responses into individual Microsoft Word
files organized by school and teacher observation and interview dates. The transcription
process aliowed me to become more acquainted with the data.

Standardized knowledge growth (RQ2). Student standardized knowledge test

item responses were downloaded from Qualtrics to SPSS and organized by teacher and
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class. On both the pre- and posttests, individual item responses were converted from
answer selected (i.e., 1 = A, 2_= B, .3 = C, and 4 = D) to .answer correct (coded as one) or
incorrect (coded as zero). Pre- and posttest total raw scores were determined for each
student by summing their individual i‘;em responses. Each student’s pretest raw score
was then subtracted from his/her corresponding posttest raw score to produce their
change score. Thé students’ change scores were averaged in each class to produce a class
change score average. |

In-class student physical activity intensity levels (RQ2). In-class student
physical activity intensity levels were recorded as vector magnitudes. Vector magnitudes
were downloaded from ActiLife 6 to SPSS. Total vector magnitude for each measured
student was converted to vector magnitude per minute to reflect in-class physical activity
! _ intensity level. Vector magnitude per minute was determined by dividing the
vaccelerometer physical activity count sum by the total minutes (lesson end time minus
lesson start time) in the respective SHL lesson. Each student’s in-class physical activity
-intensity level per observed lesson per class was averaged to produce a class physical
activity intensity level.

Professional development attendance (RQ2). The number of times each
teacher attended a SHL professional development session (z = 0-3) was entered into
SPSS. |

Coaching visits (RQ2). The number of coaching visits was transferred from the

travel logs to SPSS organized by sixth-grade physical education class/teacher.
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Each sixth-grade physical education class’s coaching visit score was added to the
professional development score belonging to the teacher of that particular sixth-grade
physical education class.

Ease of use survey (RQ2). I downloaded Ease of Use survey data from Qualtrics
to SPSS organized by teacher. Survey responses were summed to produce a single
survey score per teacher.

Data Analysis

The reduced data were subject to the following data analyses. Data were analyzed
to answer the three research questions. Inductive coding techniques were employed to
answer Research Questions 1 and 3. Multiple regression was used to answer Research
Question 2.

RQ1. : To what extent do teachers implement lessons ﬁom a sixth-grade physical |
education curricular intervention with fidelity (adherence — coverage and del;’very
quality)?

| Inductive analysis was used to analyze the transcribed lesson observations
immediately following each school visit. “Inductive analysis in\}olves discovering
patterns, themes, and categories in one’s data. Findings emerge out of the data, through
the analyst’s interactions with the data ...” (Patton, 2002, p. 453). Utilizing the constant
comparative method (Glaser, 1978), I looked fqr codes and categories in the data. As
described by Corbin and Strauss (2008), I first employed open coding of the data to
determine whether there wéré recurring topics that could be classified into categories and

labeled. I elected to open code the observation field notes by hand to facilitate constant
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comparison and become more acquainted with the data. The generated open codes
described and referred to actual events in the physical education classes. Open coding
allowed me to divide the data into distinct categories, look for similarities and differences
within the observation field notes, and ask questions about phenomena revealed in the
data (Corbin and Strauss, 2008). The open coding procedure allowed me to concentrate
on the events observed in the physical education classes and guided my observations as I
explored cases of teacher fidelity.

Once categories were developed and labeled, I looked for relationships among the
categories using axial coding. During thé axial coding process, I developed subcategories
focusing on phenomena, antecedents, contexts, and any intervehing conditions. As
suggested by Corbin and Strauss (2008), I ended my analysis with axial coding because I
only was interested in using some of the tools of grounded theory and was not focused on
developing theory to answer Research Question 1.

Using the open and axial codes (see Appendix C), I developed a rubric that
represented the patterns reflective of the teachers’ adherence, delivery quality, and
coverage. I used the rubric to quantify the teachers’ FOI per observed lesson.

RQ2. What is the relationship between implementation fidelity and student
outcomes (i.e., kho'wledge gain and physical activity intensity levels)?

Multiple regression analysis was utilized to answer Research Question 2.
Descriptive and correlational analyses were conducted to discover the significance of the

predictor variables in contributing to the criterion variable. Unstandardized coefficient

‘beta coefficients and standardized beta coefficients for each predictor variable were
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examined to check the statistical significance and relative importance of each predictor
variable. Additionally, R* and adjusted R* were used to examine the relationships
between the various predictor variables and the criterion variable.

Regression diagnostic statistics were calculated with the multiple regression
analyses to check data for cases thatvexerted undue influence over the parameters of the
model and/or were extreme outliers (Field, 2009). Deviant cases, either individually or in
combination with other cases, can significantly influence regression statistics. The
following regression diagnostics were examined to check for influential data points:’ (a)
Cook’s distance (a measure of the overall influence of a case on the model), (b) leverage
or hat values (gauges the influence of the observed value of the outcome variable over the
predicted values), and (c) standardized DFBETA (detects cases that influence the
regression coefficient). Additionally, collinearity diagnostics (i.e., tolerance and variance
inflation factor) wefe conducted to ensure that no variables were closely related to one
another.

RQ3. What reasons do teachers offer for making changes to the intended
curriculum as they implement it in their school contexts (moderating variable of
context)?

Similar to Research Question 1, open and axial coding was used to answer
Research Question 3. Codes and categories were developed from the interview
transcripts using the constant comparative method (Glaser & Strauss, 1967) whereby line,
sentence, and paragraph segments of the interviews were reviewed to decide what codes

fit the concepts sug‘gesteyd by the data.



90

In addition to open and axial coding, selective coding was employed. During
selective coding, categorical relationships defined during axial coding were connected
and further refined to answer the research question. Central themes were related to each
category through the use of explanatory relationship statements and then named and
connected to the existing literature.

Threats to Validity, Reliability, and Credibility
Internal Validity

There were several threats to the internal validity of this research. First,
participants (i.e., teachers implementing the intervention) were not randomly selected.
The schools at which the teachers work, however, were randomly assigned to the
treatment group to minimize the selection threat to internal validity. Additionally, the
teachers’ supervisors (i.e., school administrators and cﬁﬁcﬂ@ facilitators) expected the
teachers to implement the intervention and, as a result, helped minimize the maturation
threat to internal validity. Second, teachers were interviewed at the completion of |
lessons. Interviews can create environrhents to fabricate the truth. Interviewees may
want to provide the answers that the interviewers want to hear as opposed to providing
their honest ans§vers. This threat was minimized by asking direct, narrowly focused
questions directing the interviewees to a particular event they created in their teaching
and answers were triangulated with class observation/field note data. Finally, the student
knowledge test, itself, could have threatened internal validity. Knowledge tests can be

biased and not measure the intended variable(s) if they are poorly constructed. This
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threat was minimized because test developers designed the knowledge test questions to
diréctly align with the content covered in the Cardio Fitness Club unit.
External Validity

The generalizability of the study results depended on the sample
representativeness of the population. The participants were sixth-grade physical
education teachers (and their students) recruited to implement the SHL curriculum. The
teachers worked at schools that were recruited and sampled as a part of the larger SHL
project to represent the middle schools in the Piedmont region and state of North
Carolina.

Another threat‘to external validity was using poorly defined variables. All
variables were defined operationally to be meaningful in settings beyond the current
study to minimize this threat to external validity. My role as the researcher also was a
threat to external validity. Teachers were aware that I was observing and, as a result,
could haye reacted differently to the intervention, taking greater care to implement the
- curriculum faithfully; compared to participants who were unaware they were being
observed. Iinformed the teachers that I was observing the curriculum and not their
faithfulness to the curriculum.

Reliability

Student physical activity intensity levels were measured with Actigraph GT3X+
accelerometer<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>