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SUMMARY

Over the last three decades, there have been substantial advances in the literature on
understanding the essential design principles and necessary features of teacher professional
development (PD) programs to support implementation of new curricula and standards.
However, although there is a consensus in the research community on the design principles for
PD programs, the field also lacks evidence on the specific technologies, media, and strategies for
implementing professional development design principles in an effective way.

To address this gap in the literature, this dissertation investigated the design of an online
teacher professional development (0TPD) program focused on supporting teachers’ voluntary
first-time implementation of a novel curriculum called GlobalEd, and whether this program had
any effect on both teachers’ implementation adherence and subsequent student achievement. The
PD program was analyzed at the feature level by measuring the degree to which each design
feature in the PD was used by the participating teachers (n = 41 teachers). To examine whether
participation in PD features predicted teachers’ adherence to curriculum implementation tasks,
OLS regression models were used to identify that more “active” PD design features that
encouraged mindful participation, like message board discussions and generating written projects
were found to have a positive predictive effect on curriculum adherence. Conversely, passive
media features like email reading and video watching were found to not have any effect in
predicting adherence. Finally, hierarchical linear models (HLM) with students nested within
teachers’ classrooms were used to investigate whether teachers’ participation in PD features had
a predictive effect on student achievement (n = 773 students).

No significant predictive effects were observed on both PD participation or adherence on

student achievement. As a result, this dissertation provides direct evidence on the efficacy of



SUMMARY (continued)

specific implementation media and technologies that map to long-standing accepted PD design
principles. Commitments to design principles that emphasize active learning and relevance to
practice are specifically supported. In addition, this dissertation emphasizes the necessity of
researchers’ mindfulness of data grain size and the importance of conducting basic research in

teacher professional development to ensure that meaningful effects of PD can be observed.
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CHAPTER 1: INTRODUCTION

In recent years, several large-scale local, state, and federal educational reforms in the
United States have been implemented with the intent to improve student achievement.
Developed in response to both shifting political interests and to reflect advancements in
educational research, the implementation of new curricular initiatives and student progress
standards have become commonplace occurrences for teachers, school administrators, and
students alike (Cohen, Raudenbush, & Ball, 2003; Darling-Hammond, Bae, Cook-Harvey, Lam,
Mercer, Podolsky, & Stosich, 2016; Slavin, 2002). In what has been called the “accountability
context” of formal education, teachers have become increasingly responsible for and are a
critical component of the implementation of such reforms in the classroom (Barab & Luehmann,
2003; Guskey, 2005; Hochberg & Desimone, 2010; Timperley & Alton-Lee, 2008).

Because of the trend in teacher accountability toward reform implementation, teacher
performance has been increasingly linked to student outcomes in recent years. This is well-
evidenced in modern large-scale policies such as the federal No Child Left Behind Act (2001)
and the Every Student Succeeds Act (2015). These federal policies (1) formalized connections
between student achievement and teacher performance, as typically evidenced through student
standardized test scores; (2) recognized the need for teacher support in order to meet policy-
based accountability measures; and (3) prioritized teacher professional development toward the
implementation of educational reforms (Johnson, 2007; Linn, Baker, & Betebenner, 2002).
Teachers, however, are not only influenced from directives at the federal level. Alongside federal
initiatives, individual states have also collaboratively developed and adopted large-scale
educational standards, such as the Common Core State Standards and the Next Generation

Science Standards (Porter, McMaken, Hwang, & Yang, 2011; Pruitt, 2014; Reiser, 2013).



Perhaps most frequently, teachers are typically expected to implement curricula and standards at
the state, local district, and school levels as well, which represents a complexity of performance
requirements at various levels that teachers must increasingly navigate and master (Darling-
Hammond & Bransford, 2007). Because of this, teachers are additionally responsible for
developing their professional skills to meet the expectations of various overlapping initiatives
and policy requirements in today’s educational contexts (Hochberg & Desimone, 2010).

The increased emphasis on teacher accountability procedures and on the implementation
of new curricula and standards in ways that meet the intended outcomes of instructional
designers and policy makers has led teachers to rely on professional development (PD)
programs to support their enactment of curricular and standards initiatives (Fishman, Marx, Best
& Tal, 2003; Hochberg & Desimone, 2010; Leithwood, Steinbach, & Jantzi, 2002). Formal PD
programs are now commonly seen as a necessary approach to both developing teachers’ abilities
for enacting new curricula and standards and to support teachers’ everyday learning as
professional practitioners (Desimone, Porter, Garet, Yoon, & Birman, 2002; Guskey, 2000).
Although only a few large-scale studies have been published to date, teacher participation in
professional development programs that support teachers’ enactment of initiatives has
consistently been positively related to student achievement (Garet et al 2001; Penuel, Fishman,
Yamaguchi, & Gallagher, 2007; Marzano 2007). However, PD is not only solely focused on
student success, but also on promoting positive changes and growth in teacher daily practice as
participants in a professionalized career.

Researchers and instructional designers have recently argued for the need for PD
initiatives that develop teacher skill in student-centered pedagogical approaches that have been

shown in research to be positively related to student achievement, including problem-based



learning pedagogies (Ertmer & Simons, 2006; Walker, Recker, Robertshaw, Osen, Leary, Ye, &
Sellers, 2011), constructionist approaches to learning (Laurillard et al., 2011; Ostashewski, Reid,
& Moisey, 2011), and inquiry-based learning strategies (Akerson & Hanuscin, 2007; Wee,
Shepardson, Fast, & Harbor, 2007). Similarly, teachers additionally need to be supported in their
ongoing development of skills for teaching with emerging technologies, such as facilitating
blended learning opportunities in classrooms and other online learning environments (Baran &
Correia, 2014; Oliver & Stallings, 2014; Wilson & Stacey, 2004). Pre-service teacher preparation
programs can only be expected to prepare candidates to a certain point, as many of a teacher’s
skills are developed as a result of their time “in-service,” or via direct classroom experience and
personal growth activities as they move from being a novice to an expert in the profession (Ball
& Cohen, 1996; Hammerness, Darling-Hammond, Bransford, Berliner, Cochran-Smith,
McDonald, & Zeichner, 2005). To this end, PD initiatives are useful approaches to improve
teacher skills during their everyday practice so they can be better prepared to enact new curricula
and standards as they are intended by instructional designers and researchers.

However, it has been historically difficult to implement PD in a systematic, sustained
way to support large-scale reforms and to subsequently identify if such PD interventions were
effective at achieving intended goals (Borko, 2004; Desimone, 2009; Penuel et al., 2007).
Although positive effects have been observed in various studies, the overall body of evidence
regarding what parts of PD programs are effective remains underdeveloped in the field (Wayne,
Yoon, Zhu, Cronen, & Garet, 2008). The financial costs associated with design and
implementation, travel requirements of participants, and delivery of PD programs at scale have
all traditionally constrained the offering of quality PD programs, especially those that operate in

an ongoing fashion (Marrongelle, Sztajn, & Smith, 2013). Many PD designs reported in the



literature have historically relied on face-to-face interaction, which is typically only feasible to
complete at the local school level (Dede, 2006). Since the availability of consumer-level Internet
access in the early 2000s, instructional designers and policymakers have been increasingly
moving toward offering online teacher PD (oTPD) opportunities to support teachers’ work.
oTPD opportunities have the unique potential to provide more personal and relevant experiences
for teachers and to address the logistical challenges posed by face-to-face PD (Lieberman &
Mace, 2010; U.S. Department of Education, 2010).

Singular, short-term PD programs have been a common design for teacher professional
learning in the last three decades. Short-term trainings indeed have value for some professional
learning purposes, such as initial training on new curricula to gain familiarization and learn the
proper steps of implementation, or to gather information on new topics or skills. However, in
recent years, oTPD programs have demonstrated strong potential for promoting robust
participant interaction and personalized activity for longer periods of time than traditional “one-
shot” or up-front PD seminars and workshops of the past (Dede et al. 2009; Vrasidas & Glass,
2004). With advances in interactive digital technologies over the last decade, oTPD program
designs can support teachers’ ongoing implementation of new curricula over time, address
teacher challenges as they arise during authentic classroom experience, and build teachers’ skills
in novel pedagogies (Fishman, Konstantopoulos, Kubitskey, Vath, Park, Johnson, & Edelson,
2013). This includes teachers having greater choice in how and when their time is spent on PD
activities, the ability to communicate and share information asynchronously, and to interact with
other people regardless of geographic distance and, sometimes, language (O’Dwyer, Carey, &
Kleiman, 2007; Vrasidas & Glass, 2004). In the case of implementing new curricula and

standards, ongoing oTPD programs can also allow teachers to try new skills without having to



memorize all of the content from a single training, for instructional designers and policymakers
to appropriately support teachers when new initiatives are being implemented, and for teachers
refine their practice as they perform their everyday work (Fishman et al., 2013; Squire,
MaKinster, Barnett, Leuhmann, & Barab, 2003). As a result, shared participation between
researchers, instructional designers, and teachers in long-term and ongoing oTPD programs will
likely become a common aspect of teachers’ everyday practice in years to come.

To support the development of research-based PD programs, scholars have largely
reached a consensus on the various processes that are involved with teachers’ professional
learning (Borko, 2004; Desimone, 2009; Hawley & Valli, 1999). However, despite widespread
agreement on the theories and design principles are involved with professional learning, general
reviews of PD research have consistently shown that there is little empirical evidence that has
been provided in the literature over the last two decades to justify broad claims on what designs
constitute effective professional development (Dede et al. 2009; Lawless & Pellegrino, 2007;
Wayne et al., 2008). Additionally, there remains a lack of a widely accepted framework from
which designs or implementations of PD programs can be generated from these theoretical
principles (Hawley & Valli, 1999; Rice & Dawley, 2009). Choices related to the implementation
of design principles include questions such as the selection of how interactivity will occur within
a PD program, when activities should be employed to meet certain goals, and the specific
technologies and tools to be used in an intervention. Online technologies afford substantial
flexibility to participants in which each participant’s experience can be unique and highly
personalized, leading to additional research challenges for demonstrating causal mechanisms of
PD programs that lead to positive outcomes. Therefore, although there is consensus on what

general features should be present in PD interventions, the field lacks an implementation



consensus, or a consensus on the specific approaches and technologies used in PD, among the
research community on how to exactly enact PD interventions with different contexts and
technologies (Rice & Dawley, 2009).

As a result, the lack of a PD implementation consensus among the research community
has subsequently lead to systematic challenges with the research of PD interventions, specifically
with examining the efficacy and theoretical basis of PD programs. Additionally, oTPD research
is still relatively new in the field of teacher professional development, leading to challenges in
identifying salient research trajectories for the field. Only two substantive reviews on online or
technology-based PD have been conducted, which were published almost a decade ago (Dede et
al., 2009; Lawless & Pellegrino, 2007). Both studies found that the field has significant gaps in
performing research on oTPD program effectiveness to determine whether programs or their
features actually work in authentically deployed contexts. Other studies reflecting on the field of
PD research have identified that peer-reviewed articles often lack specification in their design
features from which to reliably compare interventions, as well as exhibit varied foci, study
scales, variables, or outcomes (Marrongelle, Sztajin, & Smith, 2013; Wayne et al., 2008).
Because of a substantial variation in research foci and approaches, scholars have recently
published multiple arguments for consolidating the field’s research agenda for both online and
conventional teacher PD and for better specifying the approaches to research that should be
employed (Borko, 2004; Dede et al., 2008; Desimone, 2009; Hochberg & Desimone, 2010;
Lawless & Pellegrino, 2007; Wayne et al., 2008). Most notably, PD research, as a field, needs
better links between PD interventions, teacher learning outcomes, and student achievement
outcomes to investigate whether PD has any ultimate effect on students and to ensure that

investments in PD are meeting their goals (Hochberg & Desimone, 2010; Fishman et al., 2003).



If policymakers and instructional designers continue to agree that (1) teachers are increasingly
accountable for the implementation of curricular and standards reforms and (2) that teachers
need systematic support to assist with enacting these initiatives, then the responsibility for the
successful implementation and rigorous evaluation of curricular interventions is also extended to

the instructional designers of curricular interventions (Guskey, 2005).

1.1 Statement of the Problem

Educational policies have increasingly charged teachers with the responsibility of
implementing new curricula and standards. Historically, PD has been the primary mechanism by
which teachers are supported to carry out this charge (Guskey, 2005). In support of this, the PD
research and design communities need robust evidence as to “what works and why” in PD
(Borko, 2004; Desimone, 2009; Lawless & Pellegrino, 2007). In particular, because of the
significant advances in digital technologies over the last decade, it is especially important to
identify what works and why that with PD that is provided online (e.g., oTPD) (Dede et al.,
2009). However, because oTPD programs employ digital functionality that allows users to
create custom and personalized experiences, it cannot be assumed that every participant will
experience oTPD in the same way. The potential for variation in the amounts and quality of
participation within oTPD highlights the insufficiency of PD program efficacy investigations that
conceptualize program participation as a “black box,” or where program participants are
regarded as having the same experience or are included in uniform experimental conditions
within studies (Wayne et al., 2008). In addition, as oTPD programs are each implemented with a
unique combination of individual features that are intended to realize specific goals, it is also no

longer sufficient enough to conceptualize PD efficacy research as “single program.” Instead,



studies of program effectiveness should investigate the effects of each main design component of
a PD program in order to determine the elements that ultimately exhibit the desired effects of
teacher participants and PD designers (Borko, 2004; Desimone, 2009; Hochberg & Desimone,
2010). A survey of the previous oTPD research reveals that rigorous oTPD efficacy
investigations should account for both the teacher and student effects of programs, as well as
teachers’ level of engagement with individual oTPD features. The findings from such studies can
be used to reliably compare oTPD programs and their designs, generate new research
trajectories, and inform future revisions of design features in oTPD programs based on empirical
evidence and continual testing and refinement of the theoretical processes that are assumed to be

present in the oTPD.

1.2 Goals of the Study

After presenting a discussion of essential definitions (Section 2.1), this dissertation
begins with a two-part background survey on the current state of the oTPD research landscape
(Section 2.2). In the first background section, a framework is proposed for evaluating oTPD
programs in ways that correspond with the needs expressed by the research community for the
conduct of rigorous, valuable investigations that can inform design of and investment in PD
programs. In this survey, three focal areas for PD research are identified, which include (1) the
structural elements and design features that are present in oTPD programs, (e.g., intended goals,
design features, duration); (2) the design of oTPD research studies (e.g., focus of research, how
participant experience has been measured); and (3) the units of analysis and variables of interest
on which oTPD studies have focused in recent years. These focal areas allow for investigating

key areas of oTPD programs that have been determined as critical for continued success in the



field, for which reliable evidence is needed to advance the field’s understanding of “what works
and why” (Lawless & Pellegrino, 2007).

In the second part of the background section (Section 2.3), recently published oTPD
literature from 2007 to 2017 is systematically reviewed based on the three focal areas that
address the research concerns and constraints raised by the oTPD scholarly community. To better
understand the current state of the field, a review of the literature is valuable for highlighting
important areas that have been understudied by the field and can suggest new trajectories for
research based on both the field’s previous research and new trends in oTPD technologies from
the previous decade. This review of the oTPD literature over the previous decade indicates that
studies that the collective field has produced few scholarly works that investigate the efficacy of
oTPD programs, which includes only a handful of studies that are present in the literature that
investigate how oTPD programs influence both teacher practice and student achievement. In
other words, the field has little knowledge as to what design elements work about oTPD toward
promoting student achievement.

In most oTPD studies from the previous decade, formally reported analyses did not
typically include the the identification of the degree to which teachers used individual oTPD
features. Such a lack of research on the degree to which oTPD programs were used or
experienced by teachers is problematic. If indeed online oTPD programs are becoming more
open-ended and flexible, researchers and designers will increasingly need to know the degree to
which teachers actually use oTPD features in order to rigorously determine whether features had
any effect (Hochberg & Desimone, 2010; Wayne et al., 2008). In addition, testing whether
individual design features were used helps to test and provide evidence for the continued use of

the underlying theories and “chains of logic” upon which features are built (Wayne et al., 2008).
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Therefore, it is no longer sufficient to assume that PD experiences are equal across all
participants, as online experiences increasingly afford unique combinations of interactions (Dede
et al., 2009).

Guided by the three-focus evaluatory framework and review of recent oTPD literature,
the study presented in this dissertation (Sections 3-4) consists of an investigation of a previously
implemented oTPD program’s effectiveness at ultimately promoting student achievement
through teacher development. To investigate teacher participation at the oTPD feature level, this
study employs oTPD participation metrics that have been alluded by researchers in the field but
have not been repeatedly represented in the literature. These participation metrics represent
participant interaction with each online design feature of the oTPD program and are
operationalized to provide insights on the varying levels of use of the oTPD program by teachers
and to account for teachers’ exposure to the oTPD program. Accounting for participation with
individual features of oTPD in relation to the attainment of desired program outcomes can also
provide valuable theoretical knowledge to the field about professional learning processes through
the comparison of individual design features’ operations in comparison to theoretically expected
outcomes of features.

Highlighted as a critical need by researchers in the field, such an investigation of 0cTPD
programs at the “feature level” will allow researchers to gain valuable insights about how oTPD
design features are used and which elements of oTPD programs are important toward achieving
intended outcomes. As each design feature in an oTPD program is designed to integrate known
theories and processes of professional learning, the investigation of the feature-level variations in

participant experience additionally provides researchers with an excellent opportunity to test



whether features operate in the ways that researchers expect based on the theories upon which

features are designed.

11



12

CHAPTER 2: BACKGROUND AND LITERATURE REVIEW

2.1 Perspectives and Definitions of Professional Development

Historically, teacher professional development (PD) has been simply defined as the
delivery of and participation in one-time, single, or “one-shot” training programs for teachers to
improve skills, knowledge, and beliefs (Guskey, 2000; Monahan, 1996; OECD, 2009). In what
have also often been called training, courses, workshops, or institutes, PD programs to remedy
specific challenges being faced by teachers or to support the implementation of curricular
initiatives have been provided by local education authorities, higher education institutions, and
third parties outside of schools (e.g., educational technology vendors) (Goodall, Day, Lindsay,
Muijs, & Harris, 2005; National Academies of Science, 2005). From this perspective, PD
interventions and their associated content have conventionally been seen as experiences for
teachers with which they attempt to gain specific required classroom knowledge, skills, and
beliefs, continuing education credits, and other certifications to meet district requirements or
fulfill personal needs (Guskey, 2000).

Although one-time PD programs have been the most frequent form of PD, the content of
such programs is often challenging for teachers to integrate into their practice. Specifically, the
topics and materials of one-time programs is often abstract and presented in a one-size-fits-all
way, which, consequently, has often lacked connection to teachers’ everyday classroom practice
(Ball & Cohen, 1999). Additionally, PD is frequently limited in scope and duration and provides
limited potential for ongoing teacher interaction and learning after the conclusion program,
which can lead to separation between the PD content and the teachers’ specific classroom

practices and student needs (Guskey 2000).
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To address this challenge, a growing number of organizations, policymakers, and
scholars have forwarded long-term definitions of PD that considers PD activities as a process and
not a single-instance, resulting in ongoing learning that spans the entire career. For instance, the
definition for PD forwarded by the National Staff Development Council (NSDC, n.d.) focuses on
the ongoing nature of professional learning as “a comprehensive, sustained and intensive
approach to improving teachers' and principals' effectiveness in raising student achievement”
(NSDC, n.d., n.p.). From a similar perspective, Diaz-Maggioli (2004) states that “Professional
development can be defined as a career-long process in which educators fine-tune their teaching
to meet student needs” (p.5). Alternatively, Zepeda (2013) argues that effective PD should be
“research-based, tied to standards, and present a coherent structure for teachers to work in an
environment in which the work of teaching is rooted in learning” (p.8). The emphasis by Zepeda
that the “work of teaching is rooted in learning” suggests that although PD initiatives are often
thought of as singular activities for specific goals, they are a part of a long-term process of
professional growth. For this to work with the growing paradigm of PD-as-a-process emphasizes
that for PD to be effective, PD activities for curriculum implementation should be integrated into
a teacher’s everyday work, be connected to a long-term and sustained process of professional
development for the teacher, and relate to authentic classroom contexts (Ball & Cohen, 1999).

In a reflection of this changing perspective on PD, recent federal policies have also
recognized the ongoing, long-term nature of PD. For instance, The Every Student Succeeds Act
of 2015 (ESSA) defines PD as:

“...an integral part of school and local educational agency strategies for providing

educators ... with the knowledge and skills necessary to enable students to succeed in a

well-rounded education and to meet the challenging State academic standards; and are
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sustained (not stand-alone, 1-day, or short term workshops), intensive, collaborative, job-

embedded, data-driven, and classroom-focused” (p. 129 STAT. 2096).
This definition within the ESSA reflects the recent policy shift in focus on providing PD and
serve as a primary example of the increasing nation-wide recognition for PD programs that both
meet teachers’ immediate and long-term continuing education needs. As PD being increasingly
recognized as a part of an ongoing process of learning over a teacher’s entire career, formal PD
interventions are useful toward meeting these ends if such programs can sufficiently connect to
teachers’ ongoing practice and provide ample opportunity for both learning of material and that
can be directly integrated into practice (Anderson & Herr, 2011; Kennedy, 2016). It is through
the design and participation in PD programs that policymakers, researchers, and teachers can
directly impact positive outcomes as a part of the ongoing professional learning process. This
review is concerned with individually designed, singular professional development programs

and the evaluation of the efficacy of these programs toward meeting their specified goals.

2.1.1 Defining Teacher PD Programs and their Characteristics

As illustrated above, two competing perspectives exist regarding the scope of
professional development. Therefore, is useful for any evaluation of PD programs to specify the
elements of what constitutes a PD program as a single unit, as it can be distinguished from the
career-long, ongoing process of professional learning. Despite variations in their design,
researchers have suggested that singular PD programs share common characteristics that
distinguish them as measurable events within a teacher’s history of learning over the span of a
career. Most notably, single PD interventions exhibit design choices that can be used to specify,

describe, and categorize programs. For instance, Fishman and colleagues (2003) suggest that
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there are four primary criteria that are used to qualify or describe a PD intervention: (1) there are
content goals to be shared with teachers, (2) there is a strategy or pedagogy used with which
participants are expected to interact, (3) there’s a site at which interactions occur, and (4) there
are media choices made by designers to communicate the content goals of the PD. Similarly,
Lawless and Pellegrino (2007) suggest that PD programs can be categorized through their (1)
content, (2) delivery mechanism, (3) duration, and (4) support mechanisms by which participants
get assistance from facilitators. What is clear from these approaches is that PD programs employ
a priori decisions to create a designed experience for teachers and goals and activities are
generally defined. To address the need for distinguishing what actually constitutes a PD program
when doing research on PD, Guskey (2000) offered three essential qualities that characterize
individual professional development initiatives as interventions designed for specific purposes in
which there are defined modes of interaction: interventions are (1) intentionally designed; (2)
part of an ongoing process; and (3) systematic. These three qualities set apart PD interventions
from other processes of professional learning and allow researchers to reliably investigate
program efficacy and compare programs with each other. In addition, the three qualities
forwarded by Guskey have been consistently affirmed by PD scholars as useful areas of focus
regarding PD research.

First, Guskey states that PD interventions are intentionally designed, in that their design
will “begin with a clear statement of purposes and goals” (2000, p.17). Alternatively stated, PD
programs are interventions that are intended to achieve certain outcomes for teachers (e.g.,
implementation of curriculum, change in teacher practice, student achievement). Goal
specification is important, as it is the first step in laying out a model or framework for PD design

that will use theory and interactions to affect teacher change and student achievement (Wayne
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Yoon, Zhu, Cronen, & Garet, 2008). Without specified, intentional goals, PD designers are lost
as to what to implement and how to define success (Rice & Dawley, 2009). In addition to the PD
program having intentional goals, participation by teachers is also not accidental. Teachers
decide to participate in PD based on the knowledge of what they are to gain from it, and the PD
program can be evaluated based on achievement of these goals (Conzemius & O’Neill, 2009;
Todnem & Warner, 1994).

Second, Guskey argues that PD programs are ongoing. This is not to say that one-shot, or
single timeframe PD programs are not appropriate for the ongoing nature of PD, but instead that
professional development is indeed a part of an ongoing process of learning and practice by
which the educator professional continually develops over their career. This specification
challenges researchers and designers of PD interventions to question how the PD intervention
fits in the overall process of teacher learning and how it is aligned and contextualized with a
teacher’s work. In fact, teachers often participate in multiple short-term PD programs over the
course of their career as a part of the ongoing aspect of their development (Borko, 2004; Darling-
Hammond, Wei, Andree, Richardson, & Orphanos, 2009). Teachers also frequently participate in
multiple systematically designed, but informal professional development initiatives, such as
through the participation in various communities of practice (Barab, Kling, & Gray, 2004; Booth
& Kellogg, 2015; Wenger, 1998), self-initiated personal and professional learning network
development and participation (DuFour & Eaker, 1998; Marcia & Garcia, 2016; Tour 2017;
Trust, Krutka, & Carpenter, 2016), and school-based PD initiatives and learning groups (Darling-
Hammond, 1994; McLaughlin & Talbert, 2006; Youngs & King, 2002). Whatever the duration
of the PD, the program should recognize the need to fit into teachers’ long-term learning

trajectory and promote teachers’ integration of the PD program goals into their practice. To this
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end, Kazemi and Hubbard (2008) suggest that PD is a “give and take” process that moves back
and forth between practice and participation in PD interventions, regardless of how much time is
spent in a single PD program - it always must connect back to practice somehow to have an
effect. Regardless of their time frame, PD interventions are a critical part of a professional’s
long-term learning interests and goals. As a result, one single PD program is an important part of
achieving specific goals within an ongoing process of learning.

Third, Guskey states that PD interventions are systematic in their approach to promoting
professional learning. PD programs should be methodical, planned, designed with learning
theory, adopt a specified approach to meet goals, and are systematically structured in a way that
each element is designed to play a role in teacher learning (Guskey, 2000). In effect, the design
decisions made by PD designers reflect a chain of logic in which theories of teacher change are
embedded (Putnam & Borko, 2000; Wayne et al., 2008). The systematic nature of PD allows for
both the individual design features and the PD as a whole to be evaluated for their efficacy and to
know what elements work well or don’t work well when used (Desimone, 2009; Hochberg &
Desimone, 2010). This process requires specific decisions on part of instructional designers of
the PD to implement features that are expected to lead to teacher learning and student
achievement (Wayne et al., 2008).

Therefore, based on the above discussion, it is evident that a number of criteria can be
used to specify PD and oTPD programs and interventions. For the purposes of this study, teacher
professional development (PD) is defined as any systematically designed activity or activities in
which more than one teacher participates to meet intentionally established, measurable goals for

ongoing learning and skill development related to teachers’ practice.
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It is important to note that most PD studies likely do not achieve all the criteria in this
definition, at least in how they are reported in the literature. However, the above definition
presents distinct criteria that categorize designed PD efforts from those that are impromptu,
informal, or a part of a teacher’s unintentional everyday professional learning. Even if not
reported in a study, the systematic nature of PD design assumes that choices were made by the
designers regarding the theory, pedagogy, activities, interactions, and media that are expected to
bring about positive outcomes for participants. Self-initiated PD and self-learning activities are
thereby generally not considered to be a PD program, as there is usually a lack of systematic
design, as well as other participants with which to interact. This definition does not preclude
teachers from designing PD interventions, or those programs in which teacher participation in
design or teacher-led efforts are sought out. Instead, other parties, such as curriculum providers,
school districts and states, and technology vendors, have historically been the providers of
systematically designed PD interventions and are the most commonly seen originators of

designed PD programs.

2.1.2 Defining Online Teacher Professional Development (0oTPD)

Of specific concern in this study are online teacher professional development (0TPD)
programs. As a subset of general teacher PD, oTPD has emerged over the last two decades as a
popular approach to expanding the geographic reach and interactivity of PD. For example, in
their large-scale comparison study of face-to-face with online PD delivery, Fishman and
colleagues (2013) define oTPD as “teacher learning experiences delivered partially or
completely over the Internet, [which] can potentially provide high-quality teacher learning

experiences” (p. 427). As the first of its kind, Dede (2006) edited a volume with descriptive and
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technical reports of innovative oTPD interventions and discussed oTPD as a new form of PD
delivery with great promise. However, a formal definition of oTPD was not given in this volume,
leaving the “online” component of PD to be flexibly interpreted. Although the word “online”
simply implies PD that is conducted over the Internet, the term has become more complex within
the broad variety of interactions that are possible in digitally mediated learning ecosystems
available in 2017. To this end, a formal definition has become necessary in order to rigorously
evaluate PD program efficacy, with oTPD programs included.

Although oTPD shares multiple similarities with other forms of teacher PD, such as face-
to-face PD and use of digital media, oTPD designs are characterized by their use of internet-
connected platforms or portals to host interactions using common computing devices. An
important distinction can be made in light of modern reliance on digital technologies that ocTPD
does not necessarily mean only technology-based or use digital media, but instead that a
connection to the Internet is required for participants to interact with other participants, program
facilitators, and interactive computer applications. Toward this interpretation, Vrasidas and Glass
(2004) contend that the distinguishing feature of oTPD is not necessarily the “online”
component, but instead a degree of connectivity with other participants. From another
perspective, Fishman and colleagues (2003) argue that the “site of interaction” is an important
criterion for defining PD interventions. To this end, the primary site of oTPD is ostensibly “on
the internet,” or that interactions that occur via networked technologies. Although this
specification seems obvious, it has become increasingly less clear where, or, using Fishman and
colleagues’ term, at what site, professional learning interactions occur. From yet another
perspective, O’Dwyer, Carey, and Kleiman (2007) characterize oTPD through its potential to

address issues of logistics, scheduling, and distance. To challenge matters further, the
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categorization of oTPD interventions has become more complex with the advent of ubiquitous
computing and handheld devices, human-computer interactions (e.g., chatbots), the proliferation
of public wifi and mobile data networks, and almost universal broadband internet access. Along
with these developments, new hybrid models of PD have also become popular, such as blended
learning PD opportunities and face-to-face PD interactions that use virtual tools. It is then
important for studies on oTPD to distinguish at what point the interactions in a PD program
define it as oTPD.

Therefore, as a subset of PD, online teacher professional development (07PD) in this
dissertation as the following: any PD intervention [as defined above] within which a substantive
degree of participant interaction requires internet-connected technologies.

Because of the rapidly occurring advances in internet-based technologies and the changes
in interaction potential that they afford, it may be necessary to return to the definitions used by
the field in the future. This continual revaluation would ensure that the definitions continue to
work well for specifying PD and oTPD interventions in order to provide the best evidence for

program efficacy.

2.2 The oTPD Research Agenda: Necessary Elements of PD Efficacy Research

Since 2000, researchers have forwarded multiple arguments toward establishing a
community-wide research agenda to both meet the immediate PD needs of teachers as they
implement new curricula, technologies, and pedagogies, as well as to provide the field with
rigorous evidence of effective PD approaches. To this end, many theoretical and methodological
suggestions have additionally been issued by scholars for the future conduct of research and

intervention design in PD in general and oTPD specifically. In the broadest sense, the research
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community primarily holds that PD studies must meet certain guidelines for program structure,
research design, and journal reporting in order to provide the field with evidence of both what
works in PD and why it works (Borko, 2004; Hill, Beisiegel, & Jacob, 2013; Lawless &
Pellegrino, 2007; Wayne et al., 2008). In her seminal paper on the state of PD research, Borko
(2004) argued for the need for better specification of both the design of PD programs and their
associated research approaches in published papers in order to move toward research that can
answer whether PD works at a larger scale. She further argues that this level of specification is
additionally necessary to investigate PD programs at both the individual teacher and program
levels. As a result, systematic, rigorously designed, and multi-lensed research approaches in
studies would provide the field with sufficient evidence to understand if and how PD
interventions work in a scaled, distributed way (Dede et al., 2009). This sentiment is echoed
more recently by Marrongelle, Sztajn, and Smith (2013), who suggest that as large-scale reforms
continue to be implemented across the United States, particularly through online media, PD
interventions need to be able to reach as many teachers as possible with high degrees of efficacy.
From their perspective, one conclusion is that both the sustainable delivery of valuable oTPD
programs and the conduct of rigorous research used to demonstrate program efficacy must take
equal priority.

Similar calls for the specification of both the design and the evaluation of whether
programs achieve their intended goals have also been made for oTPD programs as a specific type
of PD. Although some structural differences exist between face-to-face and online PD, Fishman
and colleagues (2013) suggest that it is important to continually investigate the unique
interactions that are afforded specifically by online approaches to better understand how they are

useful toward meeting the goals of PD interventions. In comparison to their face-to-face
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counterparts, evaluations of oTPD programs should likewise address the methodological and
structural research concerns raised by the scholarly community.

In the following sections, I elaborate on three general focal areas of PD and oTPD
program and research design that have been proposed by the scholarly community to advance the

field’s knowledge about effective PD approaches, technologies, and learning processes.

2.2.1 Focal Area 1: Accounting for the Structure of oTPD designs

2.2.1.1 Specification of Goals and Intended Content of PD

Teacher PD interventions are intentional and systematic in their design. In other words,
they are designed with a purpose to help teachers grow in some way. An underlying assumption
with any PD is that the desired goals or educational outcomes of PD interventions determine the
choices made by researchers and instructional designers in the content and ways in which
teachers will participate (Dede et al., 2009; Guskey, 2000). A reasonable first step in any PD
program design and its research is the specification of goals or desired outcomes and the content
that will be encountered.

Historically, the goals of PD have been commonly discussed at two levels in the
literature: within both student and teacher outcomes. Teachers are the primary implementers of
such initiatives with their students. For any curricular initiative to realize goals of student
achievement, the initiative needs to be implemented by teachers in the ways intended by
researchers and instructional designers (Darling-Hammond & Bransford, 2007; Squire,
MaKinster, Barnett, Luehmann, & Barab, 2003). The ultimate outcome of any PD program then

is to support student achievement, as this is the goal of teachers’ in their practice (Guskey, 2000;
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Marzano, 2003). Student achievement remains at least an indirect goal in PD interventions, even
if the interventions are not intended to directly influence students. Indeed, in the rare occasions
that it has been measured, student achievement is often conceptualized as a distal outcome from
teacher PD (Cochrane-Smith & Zeichner, 2005; Desimone, Porter, Garet, Yoon, & Birman,
2002; Garet et al., 2010). To this end, the research efforts associated with PD programs should be
designed to measure and support student achievement to some degree (Desimone, 2009; Fishman
etal., 2013).

Teacher implementation of curricular reforms should be supported with robust training
and ongoing support (Barab & Luehmann, 2003; Cohen, Raudenbush, & Ball, 2003). A second
and more direct goal of PD initiatives is to affect changes in teacher disciplinary knowledge and
beliefs associated with in implementing new pedagogies, curriculum, and standards (Fishman,
Marx, Best, & Tal, 2003; Hammerness et al., 2005; Ehman, Bonk, & Yamagata-Lynch, 2005).
PD should promote beneficial practices as well, such as the development of knowledge, skills,
and beliefs that can support teachers’ implementation of new curricula and pedagogies (Dede et
al, 2009; Kennedy, 2016). Of particular importance in the PD literature is a focus on the
implementation of curriculum initiatives in the ways intended by researchers and designers, also
known as fidelity of implementation (FOI) of curriculum (Century, Rudnick, & Freeman, 2010;
O’Donnell, 2008). To promote a high degree of FOI, PD goals and content should be aligned to
the participating teachers’ enactment of curricula in their classrooms, with PD activities working
to communicate to teachers the procedures and purposes of pedagogy to realize expected benefits
and achievement based on underlying theoretical assumptions (Harn, Parisi, & Stoolmiller, 2013;

Gagné, Briggs, & Wager, 1992).
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To meet these goals, designers of curricula and standards assume some responsibility for
communicating the intent and processes of curricular interventions to teachers and empowering
teachers to enact interventions over time. Designers should additionally expect that teachers need
to be substantially supported to enact these novel approaches with a high degree of fidelity
(Barab & Luehmann, 2003; Fishman et al., 2003; Penuel et al., 2007). From one perspective,
Ertmer and Simons (2007) describe a number of critical factors that are related to supporting
teachers who are new to student-centered pedagogies, such as having PD programs that allow the
persistent ability to work with experts, share ideas, and find and critique examples of authentic
classroom occurrences with teaching peers. Oliver and Stallings (2014) also argued that teachers
additionally need to be supported to use new technologies, such as through offering technology
training content in PD programs to support teachers who are new to blended learning
environments and online learning technologies. In addition to describing implementation
procedures, program content and goals should also promote teachers’ understanding of the
underlying rationale and learning theory of initiatives. Teachers will adapt curricular initiatives
based on both their current levels of understanding and to meet their local classroom needs.
However, being either too rigid or too flexible with established enactment procedures can lead to
practices that might meet the nominal expectations of implementation, but can lead teachers to
miss key implementation criteria (Brown & Campione, 1996; Cohen, 1990).

Fishman and colleagues (2013) agree that the primary way that PD can have measurable
impact is to support teachers as they build knowledge, capacity, and skills toward curriculum and
pedagogical implementation. To this end, they argue that the primary way to study the efficacy
of PD interventions is to evaluate programs in the context of programs’ specified goals in both

the contexts of teacher and student achievement. They further argue that this must be done
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because the specification of goals and content allows researchers to establish comparison points
between programs, as not all goals and internal content are equal among PD programs reported
in the literature. Programs need to align its designed features and activities with the goals,
content, and disciplinary knowledge that programs seek to provide teachers (Hammerness et al.,
2006). However, a single feature or activity that is used for different goals may not necessarily
produce the same results (Duffy et al., 2006; Gagné, Briggs, & Wager, 1992). Therefore, the
efficacy of programs with varied content and goals are not fully comparable without the
specification of a program’s goals in a research report. Achieving such alignment is particularly
challenging with oTPD, as online programs reported in the literature exhibit little consistency
among the design features that are employed (Antoniou & Kyrakides, 2013; Rice & Dawley,
2009). Evaluations of PD programs would benefit from specifying and comparing goals, as well

as the design features intended to achieve them.

2.2.1.2 Specifying PD Program Design Features: Toward Testing the Underlying

Theoretical Processes of Professional L.earning

Scholars have increasingly claimed that a consensus among the research community has
been reached regarding the general theories and processes of professional learning that influence
how professionals build their knowledge and practice in their workplace (Darling-Hammond,
Wei, Andree, Richardson, & Orphanos, 2009; Rice & Dawley, 2009). As a result, similar
arguments have been made that a consensus has been reached by the field on which theory-based
learning features should be universally implemented in PD design to promote positive learning
processes from PD programs (Desimone, 2009; Hawley & Valli, 1999). Each feature or activity

employed in an oTPD program is designed based on underlying theoretical principles and is
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expected to contribute to a teacher’s professional learning goals when teachers interact with it.
Toward this goal, design features and activities employed in oTPD programs embody the
theoretical commitments held by researchers and designers of these programs and provide
testable examples of theory in action (Hochberg & Desimone, 2010; Wayne et al., 2008).
Subsequently, the structural elements of oTPD should be investigated in formal research, as
interaction with each feature can provide evidence toward the validity and effectiveness of the
theories held by the research community toward achieving desired goals.

This consensus on general design features that are deemed essential within the research
community has received much attention in highly cited position papers and design framework
reviews in recent years (Jeanpierre, Oberhauser, & Freeman, 2007; National Staff Development
Council, 2001; National Research Council, 2007). Although scholars have often suggested lists
of the important elements that lead to successful PD, the research community does not recognize
a single “consensus” document or list in the field’s literature that contains an inventory of the
popular PD design features or best practices. Despite the lack of a single document, the authors
of studies that discuss a “PD consensus” frequently argue for features that are built upon similar
theory-based processes for professional learning. The repetition of arguments for certain design
features across multiple studies reveals that these design features in the consensus literature can
be categorized based on the common theoretical commitments embedded in features. A
consolidated review of the common features that are implemented in PD is highly useful to the
field as it allows researchers to continually identify similar innovations in the field, which may
differ in their implementation or with the technologies utilized. In addition, reviews of design
features can provide a current “road map” of popular features and best practices and highlight

features that have promise for providing transformative learning experiences. Table I provides a
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summary of each of common design feature groups that have been cited as necessary in the PD
literature. In addition, each of these feature groups is discussed in the paragraphs that follow.

For the first category, many scholars agree that PD programs should employ active
learning approaches, or that the participant should be actively engaged with PD activities and not
just passively receive information (Antoniou & Kyrikides, 2013; Desimone, 2009; Timperley &
Alton-Lee, 2008; Wilson & Berne, 1999). This principle closely aligns with broadly accepted
theories of constructivism and related paradigms, in which learning is a process by which the
learner builds new understandings from prior knowledge and new experiences (Webster-Wright,
2009). To this end, Duffy and colleagues (2006) suggest that professional learning is more about
teachers doing activities, instead of having activities done to them, such as through passive
activities like watching lectures or sitting through workshops. Instead, teachers need to
effortfully engage with activities for the activity to have greater impact. Active components are
intended to allow participants to connect PD concepts with their daily non-PD activities. With
different terminology toward this commitment, Wilson and Berne (1999) argue that PD
shouldn’t be viewed as something to be delivered on part of the provider, but instead activated
through participation and the subsequent use in practice by the teacher. Kazemi and Hubbard
(2008) agree with this idea, suggesting that for teachers to genuinely learn from PD, they need a
chance to actively connect new concepts, ideas, and insights during the PD by the subsequent use
of concepts and skills in practice. As an option toward meeting this goal, PD programs that
leverage active learning principles frequently employ activities that promote participants to be

creators of artifacts, content, and discussion rather than be mere consumers of such.
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TABLE I

COMMONLY CITED CATEGORIES OF THEORY-BASED PD DESIGN FEATURES

Theory-Based
PD Design Feature

Description and Processes

1. Active learning
2. Authentic learning, applied in

classroom contexts

3. Social learning through social
interactions

4. Reflection, introspection, self-
awareness in relation to practice

5. Ample, varied, and usable resources
and supports

Program activities should consist of teachers’ active engagement, as
opposed to passively receiving information.

Activities are embedded in teachers’ everyday work, tasks can be
directly used in classroom and school contexts. Teachers bring their
everyday work, knowledge, beliefs, and prior experiences to learning
opportunities, which will influence how they make sense of
information and interact.

Participants interact with other people, particularly other
professionals or experts in the field. Interaction with others that are at
the same level as the participant, as well as those more experienced
than the participant. Social interactions help participants collectively
make sense of phenomena and information.

Insights are gained by reflecting on and evaluating prior experiences.
Reflection can reveal new connections, things to try in practice, and
opportunities for improvement. Shifts can occur in a teacher’s
knowledge, skills, beliefs, interests, goals, and identities as they
evaluate their experiences.

Multiple on-demand resources and media are available to help
teachers better understand content and provide support to teachers
when needed. Media choices help communicate meaning in different
ways. Teachers learn well both structural supports and cognitive tools
to achieve PD objectives.

Similarly, PD design scholars frequently cite the necessity for a second category of

design features that foster authenticity in PD learning activities. This approach is particularly

important for professionals, as it avoids giving teachers experiences that they cannot directly use

in their everyday work (Darling-Hammond, Wei, Andree, Richardson, & Orphanos, 2009;

Hawley & Valli, 1999; Kazemi & Hubbard, 2008). It is equally important for PD designers to

account for and provide coherent alignment of PD activities with the practices that teachers

already perform in order to expect any positive change to occur (Anderson & Herr, 2011; Ball &
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Cohen, 1999; Hochberg & Desimone, 2010). To accomplish this, Ehman and colleagues (2005)
suggest that a good example of authentic PD is to have teachers generate classroom tools during
PD, such as lesson plans, worksheets, or data collection tools, that can be implemented in
classroom practice immediately and are tailored to teachers’ specific needs. To this end, they
further suggest that PD should also adapt to teachers’ ongoing needs and, if possible, base the
activities on teachers’ school-based, local classroom contexts.

One way that program designers have suggested that the level of authenticity of PD
programs can be increased is by recruiting teachers to cooperatively design PD programs
alongside instructional designers and researchers (American Federation of Teachers, 2008;
Desimone, 2009). Such direct involvement by teachers in the development process ensures that
teachers are examining topics that matter to their everyday practice and recognizes the expertise
of teachers in how their classrooms really operate (Ehman, Bonk, & Yamagata-Lynch, 2005;
Shulman & Shulman, 2004; Timperley & Alton-Lee, 2008). In addition, Hawley and Valli
(1999) argue that collective participation in the design of PD programs can additionally increase
motivation and commitment of teacher participants as they study issues of importance to them at
the time of the PD. Similar to teacher involvement with planning PD, The American Federation
of Teachers (2008) argues that it is essential to additionally connect PD activities to the
educational standards used by schools. A standards-based approach to PD would thus provide
teachers opportunities to consider applications of PD content to the policy contexts in which they
work.

In a third area of PD design, scholars have emphasized the importance of promoting
social interactions in PD programs. Professional learning is not an isolated activity, but instead

embedded in the multi-layered practices, experiences, and knowledge of teachers in their
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classrooms, local school communities, school districts, and the teaching profession as a whole
(Hammerness et al., 2005; Putnam & Borko, 2000; Shulman & Shulman, 2004). This emphasis
on social interaction originates from the body of research over the last three decades on
professional communities of practice and how professionals learn in their everyday work
contexts (Barab, Kling, & Gray, 2004; Lave & Wenger, 1997; Wenger, 1998). This feature
additionally draws on broader sociocultural perspectives of learning, which posit that learning is
a fundamentally social process. Learners continually build knowledge and understanding through
dialogue among participants, or through continual negotiation of meaning (Duffy et al., 2006).
People tend to learn well through regular practice in performing social activities as peers provide
feedback and opportunities to continually refine one’s understanding in a group setting, as
understanding and meaning making are largely socially-mediated practices (Rogoff, 2003;
Vygotsky, 1978). Therefore, opportunities to interact with other professionals and experts is
essential for not only understanding new content and practices that are the focus of PD programs,
but understanding how the content is contextualized in the authentic practices and challenges that
professionals experience.

The social emphasis design feature has been frequently implemented in PD programs
through systems that promote coaching and mentoring between novices and experts (Duffy et al.,
2006), the purposeful analysis of others’ insights and work and the integration of such into
participants’ own practice (Ehman, Bonk, & Yamagata-Lynch, 2005; Putnam & Borko, 2000), or
the provision of spaces for online collaboration and community development to allow teachers to
collaborate on real problems and challenges, as well as to build relationships with other
participants (Barab, Kling, & Gray, 2004; Darling Hammond et al., 2009; Hammerness et al.,

2005; Hawley & Valli, 1999).



31

Fourth, scholars have frequently cited the need for professional learners to reflect on
both the formal learning experiences they have in PD programs, as well as their everyday
practice (Duffy et al., 2006; Schon, 1983). For instance, Ehman, Bonk, and Yamaguta-Lynch
(2009) suggest that PD programs should systematically promote the reflective analysis of work
in PD programs in connection to authentic classroom teaching help teachers gain insights and
self-awareness of practice. Similarly, Hammerness and colleagues (2009) argue that reflection
and similar introspective meta-cognitive activities are an essential part of the learning process
that allow teachers to place lessons learned in PD into the contexts of their students and schools
needs. Again, per Hammerness and her colleagues, reflective activities align well with what is
known about student-centered learning processes in which learners, through taking time to
analyze past experiences and generate new insights, can transfer experiences from one context to
another (Bransford, Brown, & Cocking, 2000).

Reflective activity should not be “busy work,” but instead a constructive, valuable
activity that has the potential to provide insights not elsewhere gained. This allows for learners to
critically analyze past experiences to infer new knowledge and adapt practice accordingly.
Scholars have noted that this type of activity does not always come naturally to professionals, so
it should be scaffolded and modeled (Gikandi, 2013; Hoban & Hastings, 2006). Activities that
engage participants with their experiences and encourage them to examine their experiences
from multiple perspectives have the potential for insights that cannot be simply delivered in a PD
(Hammerness et al., 2005). Indeed, the commitment to reflective activities in PD is additionally
echoed by other scholars who have found the need to create structured opportunities for
reflection, which subsequently allows teachers opportunities to make actionable conclusions

about their PD experiences (Shulman & Shulman, 2004; Webster-Wright, 2009).
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Finally, a fifth common design feature in the PD literature emphasizes ample and varied
activities and resources available to teachers in PD programs to increase the potential for
creating a personalized learning experience (Antoniou & Kyrakides, 2013; Hochberg &
Desimone, 2010). For instance, Duffy et al. (2009) suggest that PD programs should offer
teachers opportunities to access and integrate a diverse array of information, worked examples,
and artifacts from other teachers to integrate into their own work based on their personal needs.
Similarly, they argue that PD activities that can be tailored to address the specific challenges that
a teacher experiences in their classroom. In addition to offering ample information and activities
for teachers based on their interests and needs, information should be represented by multiple
types of media and always available for teachers to access when they have a need (Fishman,
Marx, Best, & Tal, 2003). Information-rich resource offerings in PD programs allow for the use
and evaluation of multiple sources of information that can communicate meaning in different
ways based on teachers’ individual preferences (Hawley & Valli, 1999). Because they can be
accessed at any time via the web, oTPD programs are well-poised to offer access to such a
resource library or repository to teachers when they need it (American Federation of Teachers,
2008; National Research Council, 2007). To support meeting teachers’ specific interests in PD,
Antoniou & Kyrikades (2013) additionally argue that a dedicated expert coordination team is
useful for helping teachers connect PD informational resources with their interests and for
guiding participants toward productive outcomes. The personalized access of informational
resources and dedicated support is particularly important as PD programs are scaled up to meet
the needs of larger numbers of participants.

The need for feature-level analysis of interventions. Despite the general agreement in

the literature on the ideal principles for conducting PD, some challenges to the design-feature
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consensus have been persistently been raised by scholars. Regularly cited as the chief of these
concerns are that the links between the features and theories employed to enact change, teachers’
use of features in PD, and teacher and student outcome efficacy have not been extensively
investigated in empirical PD contexts (Fishman et al., 2003; Hill, Beisiegel, & Jacob, 2013). In
an important critique of the field’s experimental findings to date, Wayne and colleagues (2008)
suggested that the overall body of evidence that has currently been presented on PD efficacy is
substantially weak to support claims that popular PD features and the theoretical principles upon
which features are constructed actually work as intended. They further argued that when PD
intervention efficacy is in fact investigated, it is often examined at the whole-program level
without regard to the individual features that compose a program. Design principles and features
in PD reflect and are inextricably tied to the theories and assumptions about teacher professional
learning that are held by designers. In their argument, they remind the research community that
the PD features chosen by designers to promote interactivity and individual actions in programs
embody the theoretical commitments and expectations of designers. Therefore, PD studies
should specify and test the theoretical assumptions by investigating teacher interactions with the
individual features of the PD toward achieving program goals.

Similarly, Hochberg and Desimone (2010) have recently issued a challenge to the PD
community toward better specification and empirical testing of individual features in PD
programs toward providing evidence of the efficacy of PD interventions. Their argument stems
from the traditional approach of investigating PD programs as whole packages with single
treatment variables, or, alternatively, as “black boxes” within which the inner functions and
interactions are not accounted for in studies. They argue that it is no longer sufficient to examine

PD interventions as whole, packaged PD programs, as these types of studies would reveal little
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about the specific processes and expected outcomes as a function of each feature within the PD.
This point echoes the similar argument by Wayne et al. (2008) that suggests each feature should
be specified and tested in order to continually validate within the literature the theoretical
assumptions upon which PD features are built. When adopting this argument, evaluations of PD
need to specify and examine the individual design features of PD toward meeting the goal of
knowing whether PD interventions work. Additionally, although research methods might differ
within the PD literature, Webster-Wright (2009) emphasizes the importance of regularly testing
the assumptions and theories about teacher learning in order to build up the literature base and
the field’s knowledge on efficacious PD program design and to refine theory on teacher learning.
This can be accomplished in part through rigorous investigation of the effects of both whole
programs and individual interactive features in PD within peer-reviewed studies.

Developing an implementation consensus for oTPD. Additionally, although the design
consensus on the features and theoretical principles is widely held in the PD community, the
field is currently lacking a consensus on how these features should actually designed or
implemented in PD programs, such as making decisions on which technologies to use or how
participants should specifically interact. To this point, Rice and Dawley (2009) observe that
although there is indeed an array of choices regarding PD features and models for designers on
which details have been extensively published, designers often struggle with practical questions
on how to make a program or decide on features. Indeed, PD programs have shown substantial
variation in technologies, software, activities, patterns for interaction, and theoretical models
(Fishman et al., 2013). To complicate matters further, studies often lack the depth of design
reporting that is needed to promote replicability and comparison across design features (Wayne

et al., 2008). As a result, there has been reported in the literature an abundance of boutique PD
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programs with uniquely designed features, but scant sharing and adaptation of practical design
knowledge and little evidence of design feature efficacy. Evaluations of oTPD should then
document the theories and principles by which designers expect to meet the PD goals and details
on the specific features that were implemented, as well as the links between features and
theoretical principles.

These are challenges toward improving the value and validity of the design consensus
that the field has worked hard to achieve. Future evaluations of oTPD should provide rigorous
evidence toward the effects and processes related to design features to help both designers and
researchers make informed decisions about what features to implement and how to implement
them in effective ways. Because oTPD is frequently informed by traditional PD models, it is
worth examining both PD and oTPD studies toward taking an inventory of the interactive
features of oTPD (Dede et al., 2009). An evaluatory review of oTPD research on the features
reported in the literature can provide an important inventory of advances in the field, such as
documenting the relative popularity of certain features, identifying new features and
technological advances, and tracking changes in how design principles and theories are

implemented as a result of continued PD practice.

2.2.1.3 Specifying the Duration of PD

The literature has also frequently attended to the duration of PD interventions. Although
duration could be seen as a design feature that could be included in the discussion in the previous
section, it is unique among features as it can be highly varied in its own right and has been
examined in multiple ways. The duration, or amount of time spent participating in a designed

oTPD, is treated in this study as its own sub-dimension for investigation.
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PD interventions have historically exhibited substantial variation in program duration.
Traditionally, PD programs were offered at one single time characterized the so-called “one-
shot” workshops (Parsad, Lewis, & Farris, 2001). In a direct challenge to programs that last only
for a short duration, scholars have argued that PD designers should plan for an extended duration
for desired outcomes to take effect (Akerson, Morrison, & Roth McDuffie, 2006; American
Federation of Teachers, 2008; Darling-Hammond et al., 2009). Other scholars have argued that
longer-term and ongoing PD should provide teachers ample time to integrate, experiment with,
and adapt the content from PD in their classrooms, which doesn’t necessarily equate with a long
duration, but must be enough time to substantially influence teacher practice (Hawley & Valli,
1999; Kazemi & Hubbard, 2008). For example, Stanford-Bowers (2008) argues that online
learning programs can provide flexibility for working professionals, allowing participants to
interact when they are able to during a busy everyday schedule or when they perceive a need,
thereby adding to the authenticity of the learning opportunity. However, programs do not have to
be of infinite duration. Scholars have argued that PD programs should instead should be of a
sufficient sustained duration to meet goals and integrate into participants’ long-term, authentic
practices (Desimone, 2009; Hochberg & Desimone, 2010).

As reported in previous reviews, traditional one-shot PD programs typically lasted for as
little as an hour to 1-3 days (Goodall, Day, Lindsay, Muijs, & Harris, 2005). However, as
scholars have increasingly adopted a long-term view of PD, PD interventions have likewise
varied in duration to meet the ongoing needs of teachers, including programs that have been as
long as a year or more (Akerson, Morrison, & McDuffie, 2006). In addition, some types of
programs operate completely without time constraints or bounded start-stop times entirely, such

as with online communities (Booth & Kellogg, 2015; Barab, Kling, & Gray, 2004; Macia &
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Garcia, 2016) and ongoing, just-in-time programs for teachers to provide information to teachers
when they need it (Anderson, Wood, Piquette-Tomei, Savage, & Mueller, 2011; Riel, Lawless,
& Brown, 2017; Tour, 2017). To this end, the duration and other timing aspects of PD should be
regularly evaluated in the field as an aspect of program structural design, as variation in PD
program duration has been demonstrated to be a significant factor related to quality of participant

experience and outcome achievement (Penuel et al., 2007).

2.2.2 Focal area 2: Essential Research Designs for oTPD

2.2.2.1 Accounting for Experience with and Participation in Individual oTPD Design

Features

Those who use modern online, interactive technologies often have non-uniform
experiences as a result of affordances of personalization, time flexibility, open communications,
and user-generated content. In their review of experimental methods for use in PD research,
Wayne and colleagues (2008) suggest that if researchers view PD as a complete, whole package
(or, more colloquially, as a “black box”), researchers cannot account for differences in
experience that are afforded by modern technologies. This is important to capture in modern,
rigorous studies, as different functions and features within an online PD may mediate different
experiences and learning outcomes for participants. Also, as oTPD interventions are often a
complex mix of design features implemented with multiple technologies, it is reasonable to
expect that participants could interact in PD interventions to varying degrees, with each using a

different combination of features. According to Wayne et al. (2008), a lack of accounting for



38

variations in experience with or exposure to various PD features is problematic when
investigating program effectiveness because it obscures the links between how much the
intervention was used by participants and the measured outcomes. To illustrate their point,
Wayne et al. compare the measurement of the experience with or exposure to a PD intervention
to being similar to the value of measuring dosage in clinical medical drug trials. In this
argument, they state that PD studies should measure the participants’ exposure to the program’s
features to identify the degree to which the intervention had any role in the learning process. As a
result, measuring experience allows researchers to know the degree to which an intervention or
treatment was used within a study.

From a general online learning perspective, Hrastinksi (2009) echoes the necessity for
accounting for experience or exposure to features of online learning interventions. In his review
of online participation concepts, Hrastinski argued that participation in online courses is indeed
the act of learning itself: it is through various interactions with the online system, information,
activities, features, and communications tools that learning occurs. Measuring the experience and
participation within different features of online learning environments gives measures of the
process of learning. To this point, he argued that to best know how online learning environments
work to promote growth in participants, the field needs to understand both the amount and
various types of interactions that occur within the various features of a designed environment.
This would ideally involve mixed-methods analyses of both the quantity and qualities of
participation in these environments.

Historically, PD studies have not been completely absent of measures that account for
variation in participation within PD. Because it is the act of participation that reveals how PDs

are used and to what ends, any study that investigates and describes the processes of learning
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within PD invariably involves the capture and analysis of data on the qualities of the experiences
of teachers in PD (Dede et al., 2009). Such studies also often seek to identify and describe
different types or categories of interactions that learners perform in PD, which is valuable to the
research community as measures are reported and validated (Greene, Oswald, & Pomerantz,
2015; Kovanovi¢, Gasevi¢, Dawson, Joksimovi¢, Baker, & Hatala, 2015; Oliver & Stallings,
2014; Perna, Ruby, Boruch, Wang, Scull, Ahmad, & Evans, 2014). From the perspective of PD
efficacy, the research community has sometimes used “counts” of participation to examine the
amount of interaction within an intervention. In typical studies, this has included counting the
number of clicks, website pageviews, forum or message board posts, and length or word count of
participant writing tasks (DeBoer et al., 2014; Kovanovic et al., 2015; Miyamoto, Coleman,
Williams, Whitehill, Nesterko, & Reich, 2015). Alternatively, the duration that a teacher has
participated in PD has also been used (Garet et al., 2001; Riel, Lawless, & Brown, 2016; Penuel
et al., 2007).

With today’s online media and its potential for collecting unobtrusive interaction data,
more opportunities are presented to researchers for understanding differences in experience. For
example, DeBoer and colleagues (2014) recently examined the myriad possibilities that are
possible from server log data in massive online courses. They reveal that many variables easily
obtained from unobtrusively collected interaction or clickstream logs can reveal information
about different levels and characteristics of a participant’s use of an online system. Possibilities
include a great number of ways to measure the online “presence” of a participant, the timing of
participant actions, the use of written communication or creative works, and the ability to track
participants along curricular sequences and paths. From a teacher PD perspective, the author of

the present review and his colleagues have also recently developed variables that investigate
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variation in levels of participation in oTPD and associated effects using web server logs from
oTPD environments (Riel, Lawless, & Brown, 2016; 2018). To this end, the literature
demonstrates many different ways that experience and exposure to PD interventions could be
measured, which signals the possibility of substantial variation in how participants might interact
in an online PD environment. However, despite the historic presence of measures of experience
and exposure in the PD field, the use of these types of measures in oTPD studies has been
sporadic, with most studies opting to examine PD experience variations in simple binary terms of
treatment and control assignment (Wayne et al., 2008).

Kreijins, Kirschner, & Joschems (2003) have reminded the research community that just
because technologies and design features afford certain desired actions for participants, it does
not mean that these desired behaviors will necessarily occur. They further argue that multiple
factors and conditions are likely required in order to engage participants to perform expected
behaviors, such as goal expectations, perceived value and purpose of PD activities, usability of
technologies and features, design, teacher motivation, and teacher perceptions. As such, it cannot
be assumed that oTPD programs and their individual features will work according to expectation
and design just because they are present. Similarly, Motteram (2006) reminds researchers that it
is not entirely possible to capture all of the work or interactions that teachers perform in oTPD
interventions, particularly those that occur offline in support of online activity. However, despite
this limitation, many interactions are required to be performed online, and can be recorded using
unobtrusive capture methods, such as server or clickstream logs as participants interact with the
intervention. To this end, measuring how and the degree to which PD features are used is

essential to understanding their effects on learning.
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Modern data collection technologies as part of websites and digital applications provide a
prime opportunity for the evaluation of oTPD to account for the different types and effects of the
participation patterns, types of experience, and levels of exposure with the interactive features
within a PD intervention (Dawson, 2006; Dede et al., 2009). The evaluation of experience and
exposure should also be a fine enough grain size to examine participation not at the whole
program level, with a special focus on analyses that capture data at the feature level to identify
what elements of PD designs work as expected (Hochberg & Desimone, 2010; Wayne et al.,
2008). Thus, the sentiment from the research community again reflects the importance for
researchers to specify the individual features that compose oTPD programs to aid in the
evaluation of PD efficacy. In addition to its research value, participant exposure and experience

provides practical usability data that can inform future oTPD development.

2.2.2.2 Productive Research Foci to Inform Future Design and Investment

oTPD studies have historically asked research questions aimed at both the advancement
of theory and the improvement of programs. Although the goals of any oTPD programs is
program efficacy, research studies do not always investigate the degree to which programs had
an effect on participants or students (Desimone, 2009; Fishman et al., 2003; Lawless &
Pellegrino, 2007; Penuel et al., 2007). In addition to efficacy studies, other common themes of
research questions or foci have been observed in recent years that investigate multiple aspects of
program design and interaction. In their review of oTPD before 2008, Dede and colleagues
(2009) observed four research foci that were common to the literature: (1) program design
reports, (2) program effectiveness, (3) program technical design, and (4) studies on learner

interactions. Similarly compatible to the list of foci by Dede et al. are the categories forwarded
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by Lawless and Pellegrino (2007) that can be used to sort technology-based PD studies based on
their research questions and design. These categories include (1) program descriptive reports or
evaluations, (2) qualitative case studies that are designed to investigate details of learner
processes and interactions, and (3) experimental approaches designed to investigate questions of
efficacy. The varied approaches to PD investigation highlighted in these reviews illustrate the
value of investigating oTPD interventions across multiple lines of inquiry. The two above-
mentioned literature reviews highlight four common research foci. These four categories are
drawn from the categories of research foci by Dede et al. (2009), which are further examined and
expanded upon below based on issues raised by members of the research community.

First, many PD studies have been observed over the years that focus on providing design
reports and program descriptions. Dede et al. (2009) describe this category of studies as
containing rich descriptions of programs and informally measured evaluations of program
attainment of anticipated goals. Also included in this category, and echoed in the review by
Lawless and Pellegrino (2007), are evaluations that gauge the satisfaction of participants as to
the perceived value, interest, or applicability of course experiences. However, although
satisfaction studies provide valuable indicators of the participant’s experiences, such self-report
measures do not provide observable accounts of teacher behavior, skill, or application of
knowledge gained as a result of the PD. Additionally, a research focus on design or descriptive
evaluation does little to provide empirical evidence on the efficacy and underlying theory of PD
programs (Wayne et al., 2008). Although studies with this focus often richly describe the
programs under study and offer anecdotal evidence about the value and satisfaction of programs
might be provided, such reports often do not follow the rigorous evidence standards for efficacy

set by the community and fails to answer “what works and why” in a robust way.
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As a response to the need for rigorous evidence, a second group of research studies focus
on program effectiveness. Dede et al. (2009) describe that research on efficacy typically
compares one group of participants in a PD program with a group that either does not participate
in the program or participates in an alternate PD program that is not the focus of the study.
However, additional scholars contest that the literature exhibits a dearth of research that focuses
on “what works” (Borko, 2004; Dede et al., 2009; Lawless & Pellegrino, 2007; Wayne et al.,
2008)). When performed, program effectiveness research has often followed a conventional
experimental “treatment and control” approach to provide measurable comparisons between
participant groups on various outcome measures (Desimone, 2009; Fishman et al., 2003; Garet et
al., 2001; Penuel et al., 2007). Additionally, programs often compare a single group of PD
participants over multiple time points to see if the program had any effect, which can be
described as “observational-type” efficacy studies that do not use a randomized control condition
(Shadish, Cook, & Campbell, 2002; Wayne et al., 2008). Although observational studies do not
necessarily compare two groups of participants, nor are participants randomized, these
approaches are useful for providing “proof of concept” toward identifying what works in PD
(Hochberg & Desimone, 2010; Wayne et al., 2008). However, true randomized experimental
studies are often difficult to implement, can be costly, and often are not feasible based on the
goals or intent of the PD (Desimone, 2009).

It is perhaps most important to the field that PD program efficacy be investigated to
provide researchers, designers, and policymakers with information on how goals can be best
achieved and how to allocate investments in PD (Wayne et al., 2008). In addition, basic PD
research is rarely funded or conducted, with most of the field’s research being conducted in a

secondary nature on pre-existing PD programs or programs that were designed to support
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curricular research initiatives that are the primary focus of research agenda and designs
(Hochberg & Desimone, 2010; Marrongelle, Sztajn, & Smith, 2013). Despite these challenges,
multiple reviews of the process and agenda of PD research have cited the increased need for
evaluating the efficacy of programs when possible and following best practices for rigorous
research when possible (Borko, 2004; Dede et al., 2009; Desimone, 2009; Lawless & Pellegrino,
2007).

Third, a program’s technical design might be investigated. Dede et al. (2009) describe
research on program technical design as a focus specifically on one element or technology of a
PD to better understand how it works in combination with the PD and how participants interact
with it. From this perspective, in their classification in this category, the focus is on evaluating
the individual technology or design feature, and not necessarily on the participant or the program
as a whole. This focus is helpful for informing future iterations of the technology design, but
again does not necessarily address larger questions about overall program efficacy or investigate
how participants function within PD interventions with the intent of advancing theory on
professional learning.

Fourth, participant interactions and processes within a PD program have been examined
by researchers to better understand the contexts and processes by which participants learn in a
PD program. According to Dede et al. (2009), these types of studies frequently exhibit rich
descriptive accounts of how learners progress in PD, follow sequences or patterns of interaction,
and exhibit changes throughout the learning experience. In addition, variables that represent
learning interactions can also be quantitatively measured and tested through efficacy trials if the
theoretical processes are clearly specified (Borko, 2004; Desimone, 2009; Wayne et al., 2008).

The examination of process and interaction in learning is a valuable approach for theory
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generation and refinement, but by design have historically not examined the efficacy of programs
(Dede et al., 2009; Hochberg & Desimone, 2010; Lawless & Pellegrino, 2007; Marrongelle,

Sztajn, & Smith, 2013).

2.2.2.3 Toward Promoting Salient Research Questions and Rigorous Methods

To answer the questions associated with the research foci examined in the section above,
scholars have implemented a variety of methods to collect and analyze data associated with PD
programs. In their review of technology-based PD programs, Lawless and Pellegrino (2007)
observed the use of multiple research methods, many of which mirror that of general social
science research. From their review, program evaluations and surveys that gauge participant
satisfaction and perceptions are some of the most common methods employed in PD research.
Although they are empirical, they do not typically respond to whether outcomes were observed,
nor if outcomes were achieved as a result of participation in the PD program. Descriptive case
studies are also often used by scholars that seek to answer questions about the processes of
learning and interactions by participants. Similar to case studies, rich descriptive design reports
that carefully explain design decisions and technical specifications are also a frequently observed
method in PD studies, as scholars often implement actual PD programs with the primary intent of
promoting participant learning and not necessarily basic laboratory research. Although they
contain much practical design information and are essential to the field, design reports often do
not rigorously investigate research questions associated with PD and are subsequentially
inadequate to respond to questions as to what works and why with PD (Lawless & Pellegrino,

2007).
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Of particular importance concerning the methods observed in their review, Lawless and
Pellegrino (2007) highlight methods that allow for quantitative comparison of groups to
determine the efficacy of PD interventions. The three types of comparison methods include pure
randomized experimental field trials, quasi-experiments, and single-group observational studies.
However, despite being cited as important to the field, efficacy studies in general have
represented only a small portion of studies as observed in previous reviews of the literature
(Dede et al., 2009; Desimone, 2009; Garet et al., 2001; Lawless & Pellegrino, 2007).
Experiments in which the participants are randomly assigned to multiple groups are the most
desirable for providing rigorous evidence of efficacy as they eliminate selection bias and
improve internal consistency of the experiment (Hochberg & Desimone, 2010; Wayne et al.,
2008). Truly randomized field trials have been historically difficult to implement with PD
interventions because of the “real-life” implementation of PD interventions in which research is
often secondary to the intervention, as well as the fact that PD interventions to date have largely
been composed of voluntary, self-selected participants (Desimone, 2009; Wayne et al., 2008). To
this end, some of these structural challenges might be impossible to overcome in PD. Wayne and
colleagues (2008) have responded to this issue by stating that the difficulties with completely
randomized field trials in PD studies can be mitigated through careful design in both quasi-
experimental and single-group observational designs, such as through participant group weighing
and sorting by participant demographic. Careful efforts to increase internal validity would allow
for high-quality efficacy studies to be conducted, even when experimental conditions are not at
their most ideal.

For oTPD interventions specifically, Dede and colleagues (2009) have challenged

scholars to respond to the field’s emerging research agenda by using methods for data collection
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and analysis that meet specific affordances and needs associated with oTPD programs. First, they
suggest that oTPD researchers should increasingly leverage design-based research (DBR) or
design experimental approaches (Brown, 1992; Barab & Squire, 2004). DBR approaches work
well in contexts that involve the collaborative design of learning environments and the prioritize
the iterative testing of technologies and activities as they are used in authentic learning contexts
(Wang & Hannafin, 2005). Researchers, designers, and participants can engage in continual
cycles of inquiry to investigate how and why interventions are working and how participants
engage with them. DBR-type studies typically result in rich descriptions of interventions that are
useful for subsequent designs and transfer to other PD contexts (Barab & Squire, 2004; Dede et
al., 2009). As a result of the rich descriptions of interactions that appear in the literature, DBR
approaches can also inform learning theory through the specification and description of learning
processes and logic models, as well as identifying factors that might influence learning
interactions (Brown, 1992; Wang & Hannafin, 2005).

Second, Dede and colleagues (2009) encourage scholars to take advantage of the rich
data collection opportunities that online learning environments naturally afford. This includes the
use of system-generated data, server logs, and user clickstream records to determine with
precision what, when, and how participants use the various features of online environments. The
emerging fields of learning analytics and educational data mining all exemplify the promise that
the use of web analytics data sources can provide to educational research, including that for
oTPD efficacy. For instance, because these types of data typically include timestamps, the
influence of sequence, timing, and duration in learning environments can be examined in detail

(DeBoer, Ho, Stump, & Breslow, 2014; Riel, Lawless, & Brown, 2016). Additionally, because
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these data can be both measured quantitatively and examined qualitatively, the opportunities for

mixed-methods approaches to answering the research agenda are also promising.

2.2.3 Focal Area 3: Units of Analysis

A third focal area for evaluating oTPD programs is concerned with the units of analysis
and variables of interest in studies. To this end, researchers have historically examined three
types of units of analysis or categories of variables in the PD literature: program, teacher, and
student (Lawless & Pellegrino, 2007). When concerning the goals of PD programs and the
directions in which the oTPD research agenda has moved over the last two decades, these three
categories are reasonable and can be used to answer necessary questions unique to each category.

First, program-level analyses are important for understanding the composition and value
of programs to teachers and their schools. Program-level units of analysis are used to examine
programs as a whole as the primary interest of a study. These studies have typically been
composed of program evaluations, case studies, or satisfaction surveys from participants.
However, multiple scholars have argued in recent years that studies that utilize program-level
units of analysis should advance past conducting solely satisfaction studies, design reports, or
descriptive program evaluations and additionally investigate questions of program efficacy that
employ rigorous measures and standards for evidence (Dede et al., 2009; Wayne et al., 2008).
Program-level variables, however, remain an important aspect of understanding how PD
interventions work, especially when investigating the effects of PD programs at scale, or

comparing the effects of multiple PD programs.
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Second, as teachers are the primary recipients of PD programs, research studies
frequently examine changes in teacher participants as units of analysis. Typical variables in this
category include level of participation (Henrie et al., 2015; Hrastinski, 2009), teacher dialogue
and communications during PD (Kazemi & Hubbard, 2008; Putnam & Borko, 2000), individual
teacher written artifacts and other creative works (Gikandi, 2013; Hoban & Hastings, 2006),
video analysis of teachers’ practice (Borko, Jacobs Eiteljorg, & Pittman, 2008), and assessments
and surveys that gauge teacher self-reported knowledge, attitudes, and behaviors (Borko, 2004;
Desimone, 2009; Lawless & Pellegrino, 2007). Teacher-level units of analysis have been helpful
for the examination of the processes of learning in which teachers engage in PD programs, as
well as for determining whether desired changes occurred with participants as a result of the PD
program (Desimone, 2009). Indeed, as has been discussed at length in the literature, analyses of
change in teachers’ knowledge, behavior, and beliefs should be prioritized as a part of the
ongoing oTPD research agenda (Dede et al., 2009; Hochberg & Desimone, 2010; Marrongelle,
Sztajn, & Smith, 2013; Lawless & Pellegrino, 2007). However, scholars have argued that
teacher-level analyses should prioritize the investigation of actually observed behavioral changes
in teachers during PD in contrast to self-reported changes in behavior. Such observations are
especially important for objectively determining the efficacy of PD programs and whether they
meet their goals (Koziol & Burns, 1986; Lam & Bengo, 2003). The continued inclusion and
analysis of teacher-level variables, especially those that are directly observable, will be essential
for the advancing the oTPD research agenda.

Third, as students are the ultimate, albeit indirect recipients of PD interventions, some
studies have historically included student-level variables to account for changes in student

achievement as a result of PD (Fishman et al., 2003; Garet et al., 2001; Lawless & Pellegrino,
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2007; Penuel et al., 2007). In order to understand “what works and why” in PD, studies should
increasingly analyze student-level data to investigate whether achievement occurs from novel
curricula and standards initiatives, and the degree to which supportive PD interventions play a
role in mediating achievement from such curricula or standards (Darling-Hammond et al., 2009;
Hochberg & Desimone, 2010; Wayne et al., 2008). Studies need not exclusively examine the
effects of PD interventions on student achievement or learning processes, but some effort should
be made by the community to investigate student-level measures when appropriate to provide a
continued source of evidence for the efficacy of PD programs (Fishman et al., 2003; Hill,
Beisiegel, & Jacob, 2013; Wayne et al., 2008).

Each category of variables is essential to answer the full set of questions about PD
efficacy. However, as the ultimate goal of PD is student achievement, multiple scholars have
called for an increased focus on student-level analysis in PD studies (Fishman et al., 2003,
Fishman et al., 2015; Lawless & Pellegrino, 2007). In addition, these three units of PD analysis
can be simultaneously examined during PD evaluations to explore questions of program value
and alignment to the field (Garet et al., 2001; Penuel et al., 2007; Wayne et al., 2008). Such
investigations are essential for the continued development of the field’s understanding of
whether the interventions being designed by the community actually work and to advance the
theories upon which these programs are built (Hochberg & Desimone, 2010; Lawless &

Pellegrino, 2007).
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2.2.4 A Framework for Evaluating and Constructing oTPD Research

The three focal areas discussed in the sections above highlight issues that scholars have
outlined as essential for both PD and, by extension, oTPD research in future years. To synthesize
these criteria presented by the scholarly leaders of the field, I use an adapted version of the multi-
dimensional evaluation framework as utilized in Lawless and Pellegrino (2007) for organizing
the field’s current thoughts and criteria specifically on oTPD research and program design as a
subset of broad teacher professional development. In describing their PD evaluation framework,
Lawless and Pellegrino state that such a framework “can be used retrospectively to classify
programs and research studies and prospectively to define possible research and evaluation study
designs” (p. 582). Such a framework allows for the systematic investigation of interventions in
the field’s peer-reviewed literature that can focus on and respond to the research agenda items
laid out by the scholars in the field and accounts for unique aspects of conducting investigations
of oTPD. In addition, the framework can be applied to future oTPD studies to emphasize the
areas that should be both specified and investigated in published reports regarding the design of
programs and research studies.

In a single oTPD study, the three focal areas might each be discussed and investigated
based on the study’s research questions. Toward this goal, it is entirely feasible that each of the
three foci can be described in future studies enough detail by scholars to provide the necessary
evidence for comparing programs, design features, and outcomes with sufficient rigor. This is
particularly useful in today’s digitally ubiquitous oTPD landscape where unique implementation
and research challenges have been recently observed when using complex web-based
technologies. Figure 1 provides a graphical representation of the three focal areas as a framework

for oTPD evaluation and analysis of program effectiveness. When examined together, these three
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focal areas provide a comprehensive snapshot of individual PD programs and represent a guiding

framework for evaluating the degree to which the research mandates that have been stressed by

scholars in recent years have been addressed.

oTPD EVALUATION

PROGRAM
STRUCTURE

PROGRAM GOALS

DESIGN FEATURES

PROGRAM DURATION

RESEARCH
DESIGN

MEASURING
EXPOSURE &
EXPERIENCE

RESEARCH FOCI

METHODS EMPLOYED

UNITS OF
ANALYSIS

PROGRAM

TEACHER

STUDENT

Figure 1. Three-foci oTPD evaluative framework (Extended from Lawless & Pellegrino, 2007)

2.3 Review of the Literature: oTPD Research from 2007 to 2017

Two significant reviews of 0TPD programs have been conducted in recent years. First,

Lawless and Pellegrino (2007) surveyed empirical studies on technology-based professional

development to examine how the PD interventions and research methodologies were structured

in studies to date. Additionally, they sought to synthesize the empirical findings of the PD

research community. However, they concluded that inconsistencies were evident across the

field’s collective body of work in three areas: (1) that there was substantial variation in how
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research was designed, often in ways that did not meet the measures of rigor defined by the
research community; (2) that scholars lacked agreement on what designs or technologies work
best in PD to meet certain goals; and (3) that when taken as a whole, the body of technology-
based PD research had few synthesizable empirical findings on what works or why.

In a similar approach, the review by Dede et al (2009) reviewed oTPD programs
specifically to identify how studies to date had met the research goals and challenges set by the
community. Similar to that of Lawless and Pellegrino, their conclusion found that the literature
exhibited a broad selection of research goals and findings. Many of the oTPD studies
additionally failed to address the unique challenges posed by the research community for
conducting research of oTPD programs. In addition to the lack of evidence and consensus on PD
design in both of the above-mentioned reviews, the technological landscape has also
significantly shifted and likely influenced the design and efficacy of oTPD.

Alongside the introduction of modern mobile devices in 2007, substantial technological
shifts include the advent of online social networks and media, the proliferation of internet-
connected mobile phones, tablets, and computing devices, the growing popularity of online
games and massive online virtual worlds, the growing ubiquity of internet access and connected
devices via the internet of things, and the surge of massive open online courses and other forms
of distributed online learning. Each of these changes over the last decade has had potential to
alter the fundamental ways in which professionals interact and learn. Due to the substantial
number of technological advances in the last decade, a new review of the research trajectories
and findings of oTPD studies is timely.

Literature review procedure. In Section 3, a collection of empirical oTPD studies from

2007 to 2017 were systematically reviewed using the three-layered evaluatory framework
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discussed in Section 2.6. The ten most recent years are specifically examined because of the
significant technological changes and ubiquity of web-connected devices that have occurred in
recent years, such as the advent of online social media, mobile smartphones, and widely
accessible wifi and data networks. In addition, the two most recent reviews on technology-based
PD for teachers examined studies up to 2007 (e.g., Dede et al., 2009; Lawless & Pellegrino,
2007), meriting a renewed examination of the field’s advances.

Peer reviewed journal articles that focused on an empirical oTPD intervention were
evaluated to (1) examine what advances the field has made in intervention and methodological
design, (2) identify the oTPD features that have been implemented in programs based on features
that are known to lead to “good” PD, (3) determine how effective oTPD programs have been at
realizing teacher development and student achievement, and (4) determine the degree to which
the issues and challenges raised by the research community have been addressed within studies
over the last ten years. As online, mobile, and social interactive technologies mature and as
connected digital technologies become further ubiquitous in educational settings, regularly
identifying the direction that scholars have taken with research regarding oTPD and prioritizing
the research challenges that remain to be addressed will be essential for the field’s continued
success.

In August 2017, a citation search was conducted using The Web of Science (by Clairivate
Analytics, formerly ISI Web of Knowledge, www.webofknowledge.com). Any citations and
abstracts that were delivered for the following search string were examined for initial inclusion:
[(“Professional development” OR pd OR oTPD) AND (online OR internet)].
1032 citations were found with this search. To be considered for inclusion in this review, an

oTPD study was required to meet each of the following criteria:
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(1) be from a peer-reviewed journal;

(2) be an oTPD program (as defined in Section 2.1) that is designed for currently

practicing K-12 teachers (i.e., primary and secondary teachers and not pre-service

teachers); and

(3) be an empirical investigation, that is, must have analyzed data collected from an
actually implemented oTPD program.

The formality of a program (e.g., an informal learning community, sponsored PD
workshops) or its duration (e.g., one-shot, one-year, ongoing) were not criteria for inclusion and
were equally added to the study if they met the criteria in the paragraph above. Papers without
empirical analysis were not sufficient for inclusion, such as those that only forwarded PD or
oTPD frameworks, theoretical designs without data from an actual intervention, literature
reviews, or investigations of teacher perceptions and beliefs about PD in general without a
specific PD in which subjects participated. As oTPD programs are the focus of this study,
multimedia or computer-based PD approaches were not sufficient in and of themselves. Instead,
it was required that multimedia-based programs to have participant interactions that were
conducted over the Internet to some degree. Hybrid PD programs that used both face-to-face and
online interactive components were included in the study if the selection criteria were met.
Finally, the subject matter or content of the oTPD, or specific K-12 grade level taught by the
participants in a study (e.g., elementary, middle) were considered for inclusion in the review if
the selection criteria were met.

An initial review was conducted of the abstracts of the 1032 citations from the search for
evidence of the review criteria. The initial collection of 1032 papers was reduced to 95 for closer

review after the titles and abstracts were determined to either sufficiently meet the inclusion
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criteria or did not clearly merit rejection at the initial review. The largest rejection reason was
that papers were largely focused on professional development for careers other than K-12
teaching (e.g., medical, higher-ed, legal). A second prominent reason for rejection was that
studies were not empirical, but instead discussed professional development at a theoretical or
survey level. After a thorough reading of each of the narrowed collection of 95 studies, a final
count of 54 studies met all of the inclusion criteria. The 54 studies were subsequently analyzed
using the three areas of evaluation discussed in Section 2.

oTPD studies were published in peer-reviewed journals each year since 2007. Although
studies are well-represented in each year over the decade, a higher frequency of studies was
published in each the most recent years compared to early in the study period. Figure 2 illustrates

this distribution of the frequency of studies by year.
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Figure 2. Frequency of oTPD studies, by year

In the sections that follow, I review the previous ten years of oTPD research in the
contexts of each of the three general evaluative focal areas discussed in Section 2. For each
subsection that follows, studies are categorized based on similarities, and multiple exemplar

studies from each category are described.

2.3.1 Structural Elements of oTPD Programs between 2007-2017

2.3.1.1 Goals of oTPD Programs

Over the previous decade, oTPD programs have been designed with multiple goals to

promote the professional growth of teachers. It is well accepted that the goals of a PD
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intervention is the foundation upon which outcomes and subsequent research questions about
process and efficacy can be investigated (Borko, 2004; Desimone, 2009; Wayne et al., 2008).
Taking an inventory of the most recent years’ oTPD goals is useful first step for understanding
the direction that the field has taken toward identifying “what works and why” (Lawless &
Pellegrino, 2007). To this end, multiple studies established goals to promote teacher professional
growth in knowledge and practice, as could be expected based on prior reviews on PD and oTPD
(e.g., Dede et al., 2009). In addition, a substantial number of studies stated goals toward
promoting teacher behaviors that occur specifically within PD activities that are thought to be
beneficial to learning. However, such PD-specific behaviors were less concerned with the subject
content or classroom practice goals that commonly underlie PD programs but instead expressing
goals that specifically promoted positive PD behaviors among participants. The many layers of
PD program goals that were observed can ultimately influence participants at different points of
their practice, including during PD activities and in the classroom. In this section, the goals that
were specified by authors of oTPD programs from 2007 to 2017 are consolidated into five
general categories based on goal or content similarity. As an oTPD program could exhibit
multiple goals, studies could belong to more than one category. Table II summarizes the

observed categories of oTPD program goals.
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OBSERVED STATED GOALS AND CONTENT OF OTPD PROGRAMS, 2007-2017

Goal No. of Description
Studies

Knowledge and affective goals 17 Primary goals of the oTPD program to promote
knowledge growth (e.g., content knowledge,
familiarity with curriculum) or positive affective
outcomes (e.g., self-efficacy, interest).

Pedagogy and implementation practice goals 11 Goals to influence behaviors of teachers; to
promote certain pedagogical practices or the
implementation of curriculum.

Technology practice goals 11 Goals to promote skills and use of specific
technologies.

PD interaction goals 31 Goals to encourage teachers to interact in the PD
program in specific ways (e.g., discussion,
reflection).

Ad-hoc goals 15 Goals are undefined at the development stage;

goals are defined by participants as they join and
engage in activities,

Knowledge and affective goals. Within the first category of knowledge and affective

goals, 17 oTPD studies expressed goals or included instructional material in an oTPD program

that promoted the development of teacher content or pedagogical knowledge, or intended to

bring about shifts in teacher dispositions, affect, or beliefs. In general, the oTPD programs in this

category were concerned with providing teachers with opportunities to build knowledge and gain

familiarity with new concepts, pedagogical strategies, or disciplinary content as new information

in the field or research becomes available. As a typical example of knowledge-based goals, Shea,

Mouza, and Drewes (2016) provided an oTPD program to teachers to promote development of

climate change content knowledge for use in science courses, as well as information on
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approaches to teaching about climate issues. Similarly, the oTPD reported by Wang, Hsu,
Reeves, and Coster (2014) was designed to provide teachers opportunities to learn about and
gain familiarity with concepts related to new literacies, digital media, and approaches to using
inquiry skills in the classroom. El-Hani and Greca (2013) also regularly distributed on-demand
information about student-centered pedagogical approaches to teachers to help them develop
their knowledge during oTPD participation. These examples illustrate the common goal of 0TPD
to impart information to teachers and develop their knowledge on the topics of study.

Related to the development of teachers’ knowledge on various topics, some oTPD
programs also sought to promote positive beliefs about and dispositions toward disciplinary
subjects and pedagogical approaches. For instance, Moore, Haviland, Moore, and Tran (2016)
reported on an oTPD that was designed around a goal to increase teacher self-efficacy and
positive beliefs around the use of GIS technologies in the classroom. In an second example,
Wang et al. (2014) encouraged the development of teacher self-regulation and planning skills
with an informational resource database to be used in their everyday practice. Additional
affective goals that were observed included the development of positive attitudes toward
pedagogical practices (Marrero, Woodruff, Schuster, & Riccio, 2010; Owston, Sinclair, &
Wideman, 2008; Seraphin, Philippoff, Parisky, Dengan, & Warren, 2013; Walker, Recker, Ye,
Robertshaw, Sellers, & Leary, 2012) and the development of teachers’ identities, such as
teachers seeing themselves as technology innovators or leaders in their schools (Ching & Hursh,
2014; Hanuscin, Cheng, Rebello, Sinha, & Muslu, 2014).

Pedagogy and implementation practice goals. The second observed category,
pedagogy and implementation practice goals, is composed of 11 studies that were intended to

affect changes in teacher behaviors related to pedagogical practices and teachers’
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implementation of curricula (as opposed to developing general knowledge about skills and
behaviors). Over the last decade, oTPD programs were commonly offered alongside new
curriculum or standards reforms. In these cases, oTPD was intended to promote teacher
implementation of pedagogical approaches or curricular activities with a high degree of fidelity
(Donnelly, & Boniface, 2013; Fishman et al., 2013; Riel, Lawless, & Brown, 2017).
Exemplifying these behavior-based goals are those outlined by Fishman et al. (2013), in which
the oTPD reported in their study promotes the use of observable student-centered pedagogical
approaches and practices related to the curriculum that they were helping teachers enact. In
effect, they sought to encourage a high degree of curriculum implementation fidelity as a result
of oTPD participation. To this end, Fishman and colleagues sought to affect demonstrable
changes to teacher classroom practices with their oTPD by having teacher participants actually
perform classroom activities with support from the PD providers and by giving teachers chances
to analyze the outcomes of their practice. In addition to this example, multiple oTPD programs
sought to promote certain pedagogical approaches within oTPD programs (Berger, Eyelon, &
Bagno, 2008; Cho & Rathbun, 2013; Masters, de Kramer, O’Dwyer, Dash, & Russell, 2010), as
well as the implementation of specific in-class activities as parts of novel curricula (Donnelly &
Boniface, 2013; Seraphin, Philippoff, Parisky, Degnan, & Warren, 2013).

Alternatively, some oTPD programs had goals that promoted teachers’ preparation
practices that take place before instruction, such as the reflective planning and adaptation
practices that were encouraged within the oTPD by Polly et al. (2016). In this program, Polly and
colleagues’ specified goals were to promote positive changes to teaching approaches that can
occur only after teachers had a chance to try activities in the classroom and use the outcomes

from the classroom to reflect on their subsequent plans. Similarly, the oTPD by Walker et al.
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(2012) emphasized teachers’ out-of-class use of online resources and materials shared within an
online community of teachers to promote teachers’ creation of custom lessons and class
materials. Thus, in addition to in-classroom practice, the promotion of beneficial pre-classroom
preparation practices of teachers were also valuable goals among oTPD providers over the last
decade (El-Hani & Greca, 2013).

Technology practice goals. The third category, fechnology practice goals, represents 11
studies that promoted teachers’ familiarity and use of novel technologies or technological
processes in the classroom. Albeit similar to the goal of teacher pedagogical practices, this set of
goals is particularly focused on developing teacher expertise of assistive digital tools that would
be used with students, ancillary to curricular or pedagogical practices. For instance, the oTPD by
Moore et al. (2016) provided a significant focus on teachers’ use of geographic information
system (GIS) and cartographic technologies to support a variety of curricular activities in social
studies and science. Similarly, Shea et al. (2016) promoted in their oTPD teacher familiarity with
climate data and mapping technologies to support a range of curricular goals related to climate
change, ecology, and general science. However, personal skill with technology is often not
sufficient in itself. The goals of the program by Ching and Hursh (2014) emphasize the
additional need for teachers to have skill in modeling the use of assistive technologies for their
students, which can be developed during oTPD among groups of teachers through peer modeling
and demonstration.

PD interaction goals. Comprising the largest proportion of observed goals, the fourth
category PD interaction goals consists of 31 studies that specified goals intended to promote
positive teacher behaviors solely during activities within an oTPD program. To this end, the most

frequently promoted of these behaviors were those related to social and community-based
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interactions between oTPD participants. As an example, the oTPD by Prestridge (2010) had a
specific goal to promote collegial dialogue and sharing among participants. Similar goals were
expressed in the oTPD by Gu, Zhang, Lin, and Song (2009), as the authors encouraged teachers’
support of each other during PD through activities for participants to gather and share resources
related to issues being faced in the classroom. Finally, like many other studies in this category,
Chai and Tan (2009) expressed a desire the outset of the oTPD design to encourage collaborative
knowledge building in the oTPD from their study and embedded these goals into the activities
they designed.

However, from a more individual participant perspective, some studies in the PD
interaction goals category also focused on personal actions that supported PD participation. For
instance, studies by El-Hani and Greca (2013) and Dalgarno and Colgan (2007) had activities
specially designed to meet goals that addressed teachers’ personal logistical needs as they
emerged as they participated in the PD. In these studies, the oTPD activities or content could
change based on teachers’ needs, or the types of expected interaction by individual participants
could be personalized to make participation easier. From an alternative perspective, studies by
both Chai and Tan (2009) and Kale, Brush, and Saye (2009) addressed the need for productive
PD practices. This was accomplished in these studies by embedding activities that supported
critical thinking, reflection, and desirable types of participation by teachers as they engaged in
the PD activities. Finally, Gamrat, Zimmerman, Dudek, and Peck (2013) specified goals for
participants that encouraged them to make productive decisions while using the oTPD program.
To meet this goal, Gamrat and colleagues implemented a digital badging system to provide
teachers an enhanced awareness of the level of their participation, engagement, and decisions

that they made during the oTPD. In combination, studies within this category were often more
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concerned with promoting activities or other interactions that take place only during oTPD
programs and had less emphasis on content-related goals. This category represents an important
set of goals, as PD programs that have weak or no participation can all be guaranteed to have no
effect on teachers or students (Guskey, 2000; Hrastinski, 2009).

Ad-hoc goals. Finally, a fifth category called ad-hoc goals was observed in 15 studies
within, which the goals of the oTPD program were intentionally not set ahead of time when the
oTPD was designed. Instead, the oTPD providers would address the specific goals and project
ideas that teachers brought to the oTPD as they joined and participated in the PD. Instead of
specific objectives to be achieved at the time of oTPD recruitment, the foci were instead the
development of a community of learners and a promise to collaboratively engage in activities
and goals decided by the group that formed. One instance of this type of ad-hoc goal-setting was
reported by Salmon, Gregory, Dona, and Ross (2015) in which participants were encouraged at
the first moments of the oTPD to share their experiences, classroom challenges, and knowledge
on challenges to set the agenda for the remainder of the program. Similarly, Ostashewski,
Moisey, and Reid (2011) employed an online social network for their oTPD in which activities
and topics for discussion were drawn from the everyday posts by participants only after they
joined the community. In a broader context, Rolando, Salvador, Souza, and Luz (2014) reported
an oTPD that offered no specific goals to participants at the time they joined the program but
emphasized the ability to leverage a strong community of biology educators with whom
problems could be posed and solved. These examples are just some of many that were observed
that offer participants with open-ended activities or undefined goals and encourage participation
by emphasizing the depth of the participating teacher community and presence of structured

activities once goals are established by the group (e.g., Cavanaugh & Dawson, 2010; Owston,
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Sinclair, & Wideman, 2008). OTPD programs are indeed well-poised to meet the needs of
teachers as they emerge by using web-based technologies to offer robust methods for
communication and a strong foundation for communities of teachers in ways that are still new to
the field (Barab, King, & Gray, 2004; Ho, Nakamori, Ho, & Lim, 2014; Rolando, Salvador,
Souza, & Luz, 2014). However, it remained to be seen in these studies that if a goal-agnostic
approach and a predominant focus on PD recruitment led to the achievement of ad-hoc goals. To
these ends, the achievement of ad-hoc goals in OTPD programs is a valuable focus for future
research.

The essential goals for oTPD outlined by the research community have been well
represented by the five observed categories of goals in this review. However, not all of the oTPD
program goals that have been previously emphasized by the field of PD researchers were
observed. Student achievement is typically an assumed distal outcome of PD programs, but only
one study in this review expressed such goals. Although students naturally did not directly
participate in the oTPD designed by Fishman et al. (2013), the program was specifically intended
from the outset to improve students’ subject knowledge and disciplinary skills that are associated
with curricula that the students’ teachers were learning how to implement in the oTPD program.
Despite being the sole example of expressing student achievement as part of the up-front goals
and design of 0TPD programs in this review, the program designed by Fishman and colleagues is
a valuable exemplar for future studies in the specific consideration of student achievement in the
design of oTPD programs. Movement in a similar direction will continue to advance the field’s
research agenda toward identifying what works and why in oTPD for both teachers and students.

The specification of goals in oTPD programs is the essential first step toward identifying

whether oTPD programs are addressing the realistic issues that teachers encounter in their
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everyday work. Although the specification of goals in itself does not provide the evidence of
goal achievement and PD program efficacy that has been demanded by the community, it is an
important aspect of PD structure and design that has been frequently neglected in research
reports (Guskey, 2000). Specification and measurement of the goals of PD programs are an
essential component of measuring program efficacy. With the new trends of ad-hoc and flexible
goal setting that have emerged in recent years, extra care will be needed to track the
establishment and shifting of goals through a program’s duration. In summary, the previous ten
years of oTPD research has reflected multiple critical learning goals that are important to
teachers. These goals reflect the commitments of the research community toward supporting
teachers’ ability to implement reforms, including the more nuanced approaches to supporting
teachers’ personal needs as they emerge through ad-hoc goal establishment in ongoing PD
programs. Therefore, extra care has to be made within the design of programs to support the
flexibility of content and activities to meet the demands of both pre-established and shifting

goals.

2.3.1.2 Theory-Based Design Features and Approaches to Their Implementation

oTPD providers implement design features and activities that will realize the goals
established for the oTPD program and maximize learning. To this end, varied design features
were observed in oTPD studies over the last decade. Although the PD research community
generally agrees on the features that maximize professional learning, the approaches used to
implement these features were highly varied. With today’s digital ecosystem offering myriad
technologies and activities that can be implemented, an inventory of design features in oTPD

from the previous decade provides timely and valuable design knowledge to providers of oTPD,
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as well as highlights the collective theoretical commitments of the field (Rice & Dawley, 2009).
In addition, the specification of design features in oTPD literature is essential for comparison of
oTPD programs, as it is difficult to reliably investigate the differences between interventions
with either entirely different or unknown features (Hochberg & Desimone, 2010; Wayne et al.,
2008). In this section, the presence of design features and how they were implemented in each
study were evaluated based on the five types of features that have been deemed essential for PD
design by the research community, as described in Section 2.1. The categories of observed
design features in reviewed studies are additionally summarized in Table III.

Social Learning. Social learning features were those most frequently observed in this
review. 40 studies reported the implementation of social communications and sharing activities
that were mediated by web-based technologies. This large number of studies with social features
also exhibited the implementation of social interactions in substantially varied ways. Foremost,
multiple scholars intended for the social communication tools in oTPD to provide the
opportunity for teachers to form engaged communities within which they could work together to
achieve common goals and learn from each other, such has been suggested in the work of Barab,
King, and Gray (2004), DuFour and Eaker (1998), and Wenger (1998). Many of the social
communications tools implemented by studies in this review were often intentionally left open-
ended to encourage their use outside of any scheduled or prompted social or discourse-based

activities.
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OBSERVED DESIGN FEATURES IN OTPD STUDIES, 2007-2017

Design Feature

No. Studies

Description

Social learning

Instructional resources, information, and

multimedia choices

Active learning

Authentic learning experiences

Reflective activities

Studies lacking feature specification

40

37

28

28

12

Participants interact with other people,
particularly other professionals or experts in
the field. Interaction with others that are at the
same level as the participant, as well as those
more experienced than the participant. Social
interactions help participants collectively
make sense of phenomena and information.

Multiple on-demand resources and media are
available to help teachers better understand
content and provide support to teachers when
needed. Media choices help communicate
meaning in different ways. Teachers learn well
both structural supports and cognitive tools to
achieve PD objectives.

Program activities should consist of teachers’
active engagement, as opposed to passively
receiving information.

Activities are embedded in teachers’ everyday
work, tasks can be directly used in classroom
and school contexts. Teachers bring their
everyday work, knowledge, beliefs, and prior
experiences to learning opportunities, which
will influence how they make sense of
information and interact.

Insights are gained by reflecting on and
evaluating prior experiences. Reflection can
reveal new connections, things to try in
practice, and opportunities for improvement.
Shifts can occur in a teacher’s knowledge,
skills, beliefs, interests, goals, and identities as
they evaluate their experiences.

Little to no specification on design features or
their implementation was provided.




69

Multiple oTPD designers who adopted this strategy anticipated that the use of open-
ended community spaces could encourage teachers to flexibly and collaboratively solve
challenges as they arise and develop collegial relationships outside of structured PD activities
(e.g., Bates, Phalen, & Moran 2016; Duncan-Howell, 2010; Kellogg, Booth, & Oliver, 2014;
Moore 2016). As an example, Albers, Pace, and Odo (2016) created multiple digital spaces for
teachers to interact in the oTPD to meet other teachers and interact, such as the simultaneous use
of message boards, private messaging, and image and video sharing capabilities to meet
teachers’ correspondence needs and interests. Through another approach, Qasem and
Viswanathappa (2016) integrated an online social network into the regular activities of their
oTPD and encouraged teachers to use the network in an open-ended way to communicate, share
information, and support each other’s learning. To this end, the use of new technologies for
participant social interactions was occasionally observed, such as with the use of social networks
(Rolando, Salvador, Souza, & Luz, 2014; Ostashewski, Moisey, & Reid, 2011). However, classic
online message board and forum technologies were the most popular formats used among oTPD
designs that implemented social features (e.g., Al-Balushi & Al-Abdali, 2015; Martin et al.,
2016).

Despite the potential benefits of open social spaces for teachers to interact and
collaboratively solve problems, multiple authors commonly reported limitations of open-ended
or unstructured social interactions in that they often failed to realize any substantive discussions
or contributions by participants (Marrero, Woodruff, Schuster, & Riccio, 2010). In recognition of
this limitation, structured social activities were also frequently observed as part of o TPD
offerings to encourage participation. Structured social features took many forms, which included

the facilitation of scheduled online discussions among teachers in breakout groups (Hjalmarson,
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2017; Salmon, Gregory, Dona, & Ross, 2015), synchronous instant messaging chats and
interactive webinars among participants (El-Hani & Greca, 2013), periodic message board and
forum posting expectations (Al-Balushi, & Al-Abdali, 2015; Martin et al, 2016), regularly
scheduled sharing of resources found on the Internet and examples from actual classroom
experiences (Ho, Nakamori, Ho, & Lim, 2016; Polly et al., 2016; Qasem & Viswanathappa,
2016), and the use of staff moderators to further engage participants after they initially post to
forums (Hull & Saxon, 2009; Seraphin et al., 2013; Unwin, 2015). Although many studies in this
review indeed offered open-ended community spaces, these types of desired interactions did not
necessarily happen organically, especially as the communities were in the early stages of
formation (Schlager & Fusco, 2003). To address this challenge, an expectation of social
interaction through structured activities was implemented by the above-mentioned oTPD
providers to impress on participants that social interaction was a condition of participation.

The use of mentoring and coaching with non-participant experts was also an important
social feature in oTPD, which was implemented 10 of the studies. These arrangements were
moderated through both on-demand direct communications media (e.g., email, instant message)
and conventional asynchronous message boards aimed toward use by the whole community.
Using these technologies, participants could interact with content experts and other more
experienced teachers on the material being studied in the oTPD. Notable examples from the
studies in this review included (a) an oTPD by Cavanaugh and Dawson (2010) where
participants could privately message science experts when needed; (b) a program by Kale, Brush,
and Saye (2009) in which teachers were contacted regularly by more experienced teachers to ask
them about their thoughts on the connections between the PD and their classroom practice; and

(c) an oTPD reported by El-Hani and Greca (2013) where participants and experts both discussed
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topics on a forum to support collaborative knowledge creation and the development of science
pedagogical content knowledge to support local classrooms.

In addition to discourse-only social activities between participants, teachers in six oTPD
programs collaboratively developed usable tools for classroom use and other knowledge objects
that would persist after the PD was over. In one instance, Chen, Jang, and Chen (2015) expected
teachers to collaboratively build a wiki over the course of the oTPD, which would be used to
describe and analyze phenomena that teachers experienced in the classroom while teaching
science. In another example, El-Hani and Greca (2013) requested that teachers collaboratively
develop a wiki, as well as a group blog to document the activities in the PD. Similar to the
creation of long-lasting projects, teacher participants in four of the oTPD programs from this
review recorded actual classroom teaching sessions and shared these recordings with other
teachers for annotation, evaluation, and discussion (Hjalmarson, 2017; Owston, Sinclair, &
Wideman, 2008; Zhang, Liu, & Wang, 2017; Zhang, Liu, Chen, Wang, & Huong, 2017). As
participants collaborated on creative media projects, social interaction and communication were
necessary conditions for successfully completing projects. As a result, socially creative works
and group analysis of media objects added additional avenues for teachers to learn together
outside of activities that were focused solely on discourse.

A novel approach to encourage social interaction that has risen to prominence in the
previous decade is the use of hybrid (or blended) format programs. Often cited as a method for
increasing the the potential for social learning, hybrid programs are defined by having
implemented both face-to-face and online components (Matzat, 2013; Owen, 2017; Walker et al.,
2012). With the primary intent to maximize social benefits of face-to-face interaction 17 of the

reviewed studies were structured in a hybrid (or blended) format. One commonly observed
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hybrid model was implemented through the use of traditional face-to-face graduate-level courses
for practicing teachers (e.g., Chen, 2015; Ching & Hursh, 2014). Similar to traditional university
courses, Shea, Mouza, and Drewes (2016) described an informal one-year oTPD in which face-
to-face meetings were scheduled to occur multiple times to compliment the ongoing online
experience and improve the camaraderie of the group. This staggered face-to-face meeting
approach was used by other informal hybrid oTPD programs as well (e.g., Moore, Haviland,
Moore, & Tran, 2015; Polly et al., 2016). However, in contrast to regular face-to-face meetings,
some other hybrid oTPD programs only used a single up-front face-to-face experience to prepare
participants for long-term web-based interactions (Hanuscin et al., 2014). One illustrative
example of this is the program by Fishman et al. (2013), which provided an up-front face-to-face
workshop to offer training with the technology environment that participants would use in their
forthcoming oTPD and ensured that participants were otherwise prepared for the upcoming
weeks of the program. In general, designers of hybrid programs expressed intention to promote
social learning and engagement among participants by leveraging the benefits of physical
presence to some degree. As a result, complimentary in-person meetings were frequently used as
they are thought to provide greater context for interacting with other participants and offer
memorable, focused in-person experiences (Berger, Eyelon, & Bagno, 2008; Hjalmarson, 2017;
Marrero et al., 2010).

Instructional resources, information, and multimedia choices. The second-most
frequent feature to be implemented in oTPD was the commitment to providing informational
resources and participant supports using multiple complementary media. 37 programs provided
such pre-made instructional media and information sources to participants. Representing the

most frequently observed format of informational resource delivery in studies was through
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instructional media or tutorials within course sequences or modules. For instance, Cavanaugh
and Dawson (2010) provided sequences of video lessons to participants on pedagogies for
teaching science, which were accessed one after another and each video lesson built upon
previous content. In the same way, Graham and Fredenberg (2015) provided a series of
instructional tutorial videos and texts on how to plan and teach using connectivist principles in
participant teachers’ classrooms. The instructional materials and informational resources used to
implement this feature often closely mirrored that of traditional classroom education, with
participants interacting with texts and media to learn about ideas and skills related to teaching.

However, in some programs, instructional media were not intended to be linearly
sequenced or accessed in a specific order, as researchers and developers often assumed that
teachers’ needs might arise unexpectedly, or teachers might independently desire additional
information as they progress through oTPD activities. In the most prevalent example of on-
demand, instant-access informational support, 27 programs reported that a browsable repository
of informational resources was provided with which participants could browse and use materials
at any time, in any order based on their needs. In these cases, information was sorted using
categorization approaches to help with browsing, such as by tag, topic, author, or expertise level,
were also sometimes searchable using keywords (Gu et al., 2009; Walker et al., 2012), and
provided participants with the capability to view, manipulate, annotate, and archive
informational resources (Ostashewski et al., 2011).

The reviewed programs also often delivered informational resources through multiple
media formats. These media include video lectures in both pre-recorded and live formats
(Hjalmarson, 2017; Seraphin et al., 2013; Zhang, Liu, & Wang 2017); interactive quizzes and

polls within course sequences (e.g., Rolando et al., 2014), printable materials to help teachers as
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they perform PD activities, such as worksheets and organizers (e.g., Malanson et al., 2014), and
instructional or tutorial “how-to” documents for using technology or teaching lesson plans (e.g.,
Seraphin et al., 2013). To this end, many of the observed studies have employed the same web-
based media that have been common components in online courses over the previous two
decades.

Despite an abundance in multimedia resources in oTPD programs, Jimenez and
colleagues (2016) emphasized the importance of not just providing different forms of media as a
matter of principle. Instead, they held the assumption that providing multiple media
representations on the same topic, but with each media choice covering material in a slightly
different way, can be used to maximize learning by leveraging the strengths of each media
choice to effectively communicate ideas. To meet this commitment, Jimenez et al. provided
informational resources with differing media covering the same topic. However, each media
format provided different, but complementary information to the other formats. The goal was not
to provide duplicate information across formats but tell stories and deliver information about
topics in ways that maximize the potential of a given format, such as video providing visual
representations and multiple nonverbal cues, while text provides rich descriptions using
language. Cho and Rathburn (2013) and Fishman et al. (2013) echoed this sentiment, as their
oTPD programs provided informational content on the same topic by using multiple parallel
complementary media that could all be used by participants without the feeling that each media
choice duplicated other choices. In other words, the authors of these programs hold that ideas can
be communicated differently via different media, and multiple media used in combined way can
help learners create a clearer understanding of what is being conveyed (Kozma, 1991; Morrison,

1994).
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Finally, 12 programs embedded both synchronous and asynchronous dedicated staff
support mechanisms. Dedicated staff support was offered as an on-demand information resource
focused on the operation and logistics of the PD, monitoring teacher participation, responding to
PD participation challenges that were encountered by teachers, and encouraging participation if
teachers were not active for some time. For instance, Rolando et al. (2014) monitored the levels
of participation in their program based on number of posts in forums and subsequently offered
check-ins and guidance to participants from tutors to those with lower participation levels.
Similarly, Cho and Rathbun (2013) monitored the participants’ levels of activity, specifically
their click and submission frequency. If participation was low, they reached out to participants
and offered support and encouragement. In the reviewed programs, a dedicated staff presence
was readily available to help participants on social media (Ostashewski, Moisey, & Reid, 2011),
message boards or forums (Hull & Saxon, 2009; Wang et al., 2014), and live chat or scheduled
interactions (Albers, Pace, & Odo, 2016; Malanson et al., 2014). Because oTPD occurs online,
active participation is essential to ensure that the program will have any benefit. In summary,
oTPD programs that have dedicated support staff can promote successful operation of the
program and increased participant satisfaction by ensuring that participants can easily interact
with the program and that logistical challenges are readily solved (Cho & Rathbun, 2013; Hull &
Saxon, 2009; Kale, Brush, & Saye, 2009).

Active learning. Active learning was the third most frequent design feature employed by
oTPD researchers in the reviewed studies. Similar to social learning, the principle of active
learning engages participants by using instructional materials and media through some kind of
project instead of simply passively receiving the information without any application. Authors of

28 studies stated that active learning principles were included in the design of oTPD. This feature
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was almost universally implemented as activities where participants created useful items or tools
that they could use in their classroom. The most frequent example of this was through the
creation of lesson plans by using information and media obtained during the oTPD. In many
programs, such lesson plans were written individually by teachers for use in their individual
classroom. However, Walker and colleagues (2012) emphasized that teachers need to be active
creators during PD in any way possible, even if not creating new products. To this end, they
encouraged teachers to write lesson plans and other materials for use in the classroom, but also
emphasized other creative work, such as making adaptations to existing plans based on what was
experienced during the PD. Although plans were often written individually, in some cases these
lesson plans were additionally shared with other participants with the expectation of feedback.
Examples of this include the oTPDs by Shea, Mouza, and Drews (2016) and Salmon, Gregory,
Dona, and Ross (2015), where teachers would submit lesson plans to a discussion forum and
other participants would provide feedback toward plan revisions.

Additional classroom tools that were developed by teachers during PD included
worksheets and graphic organizers (Gu, Zhang, Lin, & Song, 2009; Polly et al., 2016), written
reports and interpretive activities related to classroom data or outcomes (Qasem &
Viswanathappa, 2016; Rolando, Salvador, Souza, & Luz, 2014), and written blog posts that
report activities, events, and outcomes in teachers’ classrooms (Graham & Fredenberg, 2015;
Hanuscin et al., 2014; Ming, Murugaiah, Wah, Azman, Yean, & Sim, 2010). It is evident that the
focus of the designers committed to implementing active learning features have emphasized the
creation of useful items for participants instead of simply providing them information related to

the topic of study.
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Although the creation of useful items is the predominant feature associated with active
learning, some studies additionally exhibited innovative approaches to actively engage
participants. In one example, to demonstrate novel pedagogical approaches, the program by
Seraphin et al. (2013) had structured activities where teachers would use the very pedagogical
strategies that were being studied by participants in the oTPD. Teachers taught small lessons to
each other using the procedures they would be subsequently attempting in their work with
students. Although this is not necessarily a novel educational approach to promote active
learning, this uniquely observed experience in an oTPD was cited as providing teachers with
direct, active experiences with new skills and real-time feedback from facilitators. From a
different perspective, Berger, Eyelon, and Bagno (2008) promoted active learning by requiring
participants to find and share informational resources related to the PD, then subsequently
analyze and critique these informational resources. In contrast to simply consuming media and
informational resources, Berger and colleagues had participants instead create new knowledge
from media by actively analyzing web resources found by the group for strengths, shortcomings,
and potential for classroom application. In all, the multiple approaches in these studies represent
the commitment by scholars to innovatively approach the challenges of interactivity in oTPD and
leverage the unique ability for web-based technologies to connect participants to people and
information.

Authentic learning experiences. Well-represented within the reviewed studies was the
commitment to authentic learning experiences. As part of authenticity, experiences should be
well-aligned to teachers’ everyday work. 28 studies exhibited design features intended to help

teachers put activities directly into practice and use their classroom experiences, the needs of
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their students, and the challenges they encounter to place oTPD learning activities in the context
of teachers’ practice.

oTPD programs that specified authentic learning features predominantly used teachers’
personal experiences as the context or set the agenda for activities (21 studies). Similar to the
activities observed with active learning features in the above section, some oTPD designers
merged active learning generative activities with authentic learning principles. This was
commonly done by requiring participants to create resources and tools that can be used in their
personal classroom. Examples of this approach included teachers’ creation of lesson plans and
organizing tools (Ching & Hursh, 2014; Gu et al., 2009; Wang et al., 2014), the development of
learning activities that link to educational standards used in the classroom (Cavanaugh &
Dawson, 2010; Polly et al., 2016), and the recording videos of teachers’ classroom activities to
be used as discussion cases by colleagues in the PD (Bates, Phalen, & Moran, 2016; Ming et al.,
2010; Unwin, 2015). To this end, Berger, Eylon, and Bagno (2008) summarized well the need
for authenticity in oTPD programs and how programs should hold a commitment to prioritizing
the real, relevant reasons that teachers would participate in their oTPD program. In its most basic
sense, they argued that oTPD has to ultimately help teachers do their work. In their program,
activities were only subsequently constructed after teachers expressed the reasons they wanted to
participate in PD, as well as the personal growth areas in which they wanted to see improvement.
Such rapid, ad-hoc activity design is afforded by oTPD as the timing of participation ¢
an be more flexible than face-to-face programs.

Reflective activities. 12 of the studies featured activities that supported participant
reflection, or the critical examination of past experiences to synthesize new inferences about

practice and create new knowledge. Among the reviewed studies, self-reflective features were
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largely implemented as writing tasks that were prompted or regularly scheduled. These writing
tasks typically encouraged participants to analyze and draw inferences from their teaching
experiences or to evaluate the activities of the PD in which they were participating shortly after
completion, which was mostly implemented on message boards or community forums (Shea,
Mouza, & Drewes, 2016; Wang et al., 2014). In the program by Wang and colleagues (2014),
participants could also receive comments and insights from peers in the PD course on their
reflections through the use of threaded conversation and reply features.

However, message boards or forums were not the only technologies that were used by
designers to promote reflective activities. Participants were encouraged to fill in online journals
(Hjalmarson, 2017), post short reflections on PD activities on social media (Ostashewski et al.,
2011), earn digital badges from completing and evaluating PD experiences (Gamrat et al., 2014),
or receive automated notifications that remind participants to perform regularly scheduled
reflections (Gu et al., 2009). Reflective features have not only been implemented by oTPD
designers as scheduled or prompted activities, but also in recent years as functions of reminding
and notifying teachers to reflect on their experiences to address challenges with participation in
PD. This has been particularly true in the context of teachers increasingly busy schedules,
particularly with routine activities like reflective prompts and journaling (Gu et al., 2009;
Hjalmarson, 2017; Owston, Sinclair, & Wideman, 2008).

Studies lacking design specification. A challenge to the conduct of robust research in
the oTPD field is the lack of specification in design features in formal reports. 8 programs lacked
any specificity on the design features employed and descriptions on how any features were

implemented other than that the program was conducted online. Although these studies were
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analyzed in this review, they unfortunately could not be included in this analysis with any

substantial depth.

2.3.1.3 Duration of oTPD

As discussed in Section 2.2, PD scholars have generally agreed that PD programs should
be of sufficient duration to promote long-term learning and the integration of new knowledge
into practice. Because of the ubiquity of digital connectivity that can be achieved with web-based
technologies today, oTPD providers have the potential to offer PD programs with either long-
term or undefined durations. In the reviewed studies, a broad range of program durations was
observed among oTPD over the previous decade. Figure 3 illustrates the variety in duration for

oTPD programs that was reported in the reviewed studies.
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Figure 3. Histogram of oTPD duration of programs from 2007 to 2017, by number of weeks

In general, multiple studies reported programs that were truly long term in duration, with
some lasting up to a year or more (Hanuscin et al., 2014; Masters et al., 2010; Martin et al.,
2016; Unwin, 2015). Although web-based technologies afford the opportunity to operate long-
term oTPD programs, a substantial number of programs also operated over a period shorter than
three months or one academic semester, with short-term durations ranging from four weeks
(Ching & Hursh, 2014; Sherman, Beyers, & Rapp, 2008, Zhang, Liu, & Wang, 2017) to twelve

weeks (Hull & Saxon, 2009; Rolando et al., 2014; Walker et al., 2012). In addition, almost all of
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the reviewed programs were reported to have spread out interactions over multiple sessions
instead of one single session or even a few. This is an important distinction, as some programs
were designed to spread out participants’ interactions over time instead of having participants
interact at only one time, such as “one-shot” programs (Albers, Pace, & Odo, 2016; Shea,
Mouza, & Drewes, 2016; Unwin, 2015).

Two similar trends that have emerged over the last decade related to duration are the rise
of both open-timeframe and self-paced oTPD programs. First, with the rise of digital
communities and spaces for ongoing interaction among practitioners, multiple programs did not
place a bounded duration or schedule for the program. Instead, participants could interact with
each other for as long as they desired, even indefinitely if enough interest was maintained. As a
result, voluntary participation is often a distinguishing characteristic of open-duration oTPDs.
Examples of these programs implemented open communities in multiple ways, which included
the development of a teaching wiki as an environment (Donnelly & Boniface, 2013), discussion-
based communities to regularly engage in topics that teachers encountered in their work
(Duncan-Howell, 2010; EI-Hani & Greca, 2013), and a social network where teachers’
immediate questions and needs related to practice could be discussed among group participants
(Ostashewski et al., 2011). The general goal of these programs was for open-duration PD
communities to interact indefinitely and continue learning with structured activities for as long as
teachers participated. In addition, because interest in the community was seen as a driving force
behind participation, it was essential for activities to be motivating and valuable to teachers, else
they would simply leave the oTPD program. It is then argued that these flexible, open-duration
environments gave teachers relevant experiences that met their specific needs and time

constraints (Ostashewski et al., 2011).
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Second, although most oTPD programs employed bound timeframes, some allowed
participants to work on projects entirely at their own pace with a low emphasis placed on the
timeframe for completion, particularly with activities that used instructional media (Fishman et
al., 2013; Marrero et al., 2010; Polly et al., 2016; Sherman, Beyers, & Rapp, 2008). Such
asynchronous, self-paced oTPD allowed teachers the flexibility to complete activities according
to their personal scheduling needs. Some programs also spread out multiple self-paced scheduled
activities over longer periods of time to encourage ongoing participation in lengthy oTPDs. Such
activities included regularly scheduled synchronous follow-up meetings with facilitators or peers
(Francis-Poscente & Jacobsen, 2013; Martin et al., 2016; Walker et al., 2012) and the ongoing
introduction of new topics through activities or instructional course modules each month (Albers,
Pace, & Odo, 2016; Unwin, 2015). Similar to open-duration programs, the observed examples of
self-paced oTPD allowed participants a great range of flexibility in their interaction with
instructional materials and program activities to meet their personal needs and goals.

Several long-term programs also encouraged teachers to immediately use newly gained
skills and knowledge directly in their classrooms at the same time as the oTPD program, thereby
engaging in long-term cycles of PD activity and classroom teaching. For instance, both
Hjalmarson (2017) and Zhang et al. (2017) had teachers repeatedly implement lesson plans that
were developed in PD and return to the program after each implementation to reflect with peers
and post outcome reports on personal blogs or community message boards. Similarly, Sherman,
Beyers, and Rapp (2008) solicited reports from teachers’ daily teaching as they participated in
the oTPD. With this information, they provided custom, on-demand information to teachers as
they needed based on what teachers were experiencing in their classrooms as they tried out new

approaches from the PD. The ability to simultaneously to participate in PD try out ideas in actual
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classrooms is best suited for longer-duration ongoing oTPD programs, as teachers would have
more opportunities to engage with material encountered in the PD with their students as they
participate in oTPD parallel to their own classroom teaching (Owston, Sinclair, & Wideman,
2008). To this end, oTPD affords opportunities for authentic learning and connectivity, as web-
based platforms afford asynchronous participation in oTPD activities parallel to classroom
teaching.

Finally, 18 studies failed to mention the duration of their programs. Because of the
significant differences in timeframes that can be realized with oTPD, the duration of programs
should be included in future reports to allow scholars to rigorously compare intervention designs
and their effects.

Considered as a group, the studies of the previous decade illustrate a significant
commitment by designers to provide long-term oTPD programs to teachers. The signature
affordance of oTPD is that it can provide ongoing and regularly active PD experiences for
teachers through connection via the Web. Ongoing, just-in-time, and self-paced flexible PD is
possible with these technologies in more ways that years past. Toward this goal, the field has
substantially expanded the offerings of long-term PD programs to teachers, meeting a critical

need expressed by scholars in the field.

2.3.2 Research Designs for Studying oTPD between 2007-2017

oTPD programs have been formally researched in multiple ways by scholars in recent
years. The foci and methodologies employed by scholars from 2007 to 2017 presented evidence
about oTPD from many different angles. However, the research designs observed in this review

have only barely addressed the challenges issued by Wayne et al. (2008) and Hochberg and
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Desimone (2010) to account for variation in participation and experience within each design
feature of an oTPD program. In addition, the research foci, questions, and methods employed by
researchers were largely focused on how participants interacted with programs, with less
emphasis was placed on investigating oTPD program effectiveness to address the field’s need for
understanding what makes an efficacious PD program (Dede et al., 2009; Desimone, 2009;
Lawless & Pellegrino, 2007). The following paragraphs discuss the trends that were observed in
the research design and foci of the past decade of oTPD studies, with an emphasis on areas of
improved methodological robustness that have been recently promoted by members of the PD
research community, as well as highlighting areas that have not been as well developed in recent

years.

2.3.2.1 Accounting for Experience, Participation, and Exposure to PD

As online and other digital learning environments are less structured and allow flexibility
in the timing of work, the multiple types and levels of teachers’ participation and interaction with
design features serve as an important indicator of the degree to which an oTPD intervention is
used. To this end, oTPD programs from the previous decade largely acknowledged that variation
of participant experiences exists within the multiple design features that are often implemented
in a program. However, most studies did not formally account for these differences within the
implemented research designs through the inclusion of varied levels and types of participation in
analyses. Table IV illustrates a rank ordering of the degree to which experience and participation

within oTPD programs were examined by researchers.
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TABLE IV

LEVEL OF ACCOUNTING FOR EXPERIENCE AND
PARTICIPATION WITH OTPD FEATURES

Description

Level No. Studies
1. Systematic measurement of 2
participation

2. Systematic description of participant 14

experience

3. Acknowledgement of variation in 23

experience

4. No account for variation in 15

participation, or use of binary measures

Researchers systematically defined and measured
participation or level of experience; used these
measures in the formal study

Researchers systematically described in detail the
variations in experience of participants, categorized
and identified themes of different experiences with
oTPD features and activities.

Researchers acknowledged that differences in
experience or participation existed, but did not
investigate these as part of the formal study.

Researchers did not account for differences in
participation or experience. Or, researchers
assigned a binary condition to participants, which
considered all participants equally.

Systematic measurement of participation. During the previous decade, only two

studies systematically measured teachers’ participation or interaction with PD features and

subsequently used this data to account for teacher change as a possible function of differences in

experience with a PD intervention and their features. In the first of these studies, Rolando et al.

(2014) developed an inventory of the 10 different ways that teachers could participate in their

virtual learning community. To create the inventory, they identified and categorized the

qualitative differences in interaction that the oTPD environment afforded, such as didactic

communication, personal study, and socialization. From these 10 interaction types, Rolando and

colleagues tallied the frequency by which teachers engaged in each of the interaction types and

compared these interactions to teacher classroom behaviors, finding little connection between the
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two. In founding their study, Rolando and colleagues recognized that it was important to first
clearly define the types of interactions that can occur in the oTPD to enable measurement of
teachers’ experiences with each of the features. Similarly, Fishman et al. (2013) presented a
traditional experimental field trial to investigate oTPD efficacy in which participants were
assigned to a treatment or control condition denoting participation in the oTPD program.
However, they also accounted for variations in the amount of time spent by participants in the
various online components as a part of their experiment. Although they found no significant
differences based on the amount of time spent with oTPD features to teacher outcomes in the
oTPD condition, they recognized the importance of accounting for variation in experiences
among participants. They also held that it was a possibility that differences in time spent could
influence participants’ experiences, and as a result, experiences should not be assumed to be
equal in an online program. Because of this, the level of exposure that participants had with the
PD intervention likely represents a necessary mediating variable that likely has value in efficacy
studies.

Studies with systematic description of participant experience. In a less formalized,
but likewise systematic approach to accounting for the amount and type of interactions with
oTPD features, authors of 14 studies presented descriptive narratives and process-based analyses
that addressed the different ways that participants interacted with oTPD features. Descriptions in
this category typically relied on both quantitative and qualitative data, and were most frequently
coupled with investigations of PD learning processes and technical evaluations instead of
program efficacy. Although this approach does not examine variation in participation in the
context of program efficacy, such process-based analyses are equally important to the field for

identifying the types of interaction opportunities within common oTPD features (Beach, 2017;
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Owen, 2017; Prestridge, 2010). Descriptions offered by scholars included analyses of the ways
participants posted in online communities or message boards (Chai & Tan, 2009; El-Hani &
Greca, 2013; Zhang, Liu, & Wang, 2017; Zhang et al., 2017), the different procedures by which
mentors and mentees interacted with multiple communications media (Owen, 2017), and
variations in the different types of personal writings and reflections by participants in
conjunction with how they used other PD features (Unwin, 2015).

Detailed descriptions commonly offered with this approach are also important to the field
for advancing theoretical understandings of professional learning processes. As an illustration,
Wang et al. (2014) qualitatively observed and documented how teachers used oTPD features to
identify factors that could be influencing teachers’ high or low levels of participation, such as
level of technology skills, time availability, or lack of access to technology. Descriptions of
participant experiences and participation in PD can continue to compliment efficacy studies as
researchers can detail the different ways and qualities by which participants interact with oTPD
features, which in turn can be used to define measures that account for exposure to and
experience with PD features (Hull & Saxon, 2009; Rolando et al., 2014). As such, this approach
is necessary, but not sufficient for answering all of the questions regarding the degree to which
oTPD interventions and their constituent features are used and with what effects (Wayne et al.,
2008). However, when possible, rich descriptions of the varied ways in which participants
interact in a PD system would complement well any formal measures and accounting for such
interaction in studies.

Acknowledgement of variation in participation, but not accounted for in study. In
comparison to the above-mentioned categories, many studies in this review did not

systematically operationalize or procedurally describe how and to what degree participants
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interact within the oTPD. However, this did not mean variation in participation was completely
absent from these studies. 23 authors informally discussed the variation in the oTPD experiences
of teachers. These distinguishing characteristics of this category compared to that of those that
used systematic description above was that the present variation was only unexpectedly or
anecdotally observed during an investigation into some other aspect of the oTPD, and not a part
of the official research design. In one noteworthy example, researchers’ use of commonly
available online server logs and clickstream data often plainly revealed that participants in their
oTPD programs did not use features in the same way. In this way, Bate, Phalen, and Moran
(2016) reviewed Google Analytics logs from their oTPD website as a part of their main research
question unrelated to participation. As a result, they also noticed in parallel that participants
accessed videos and other information in non-uniform ways with enough variation that even a
casual observation of the website analytics data indicated substantial differences. In another
example, although it was not a focus of their formal analysis of how teachers performed
connectivist practices in their classroom, Graham and Fredenberg (2015) noticed clear
differences in how participants interacted during oTPD. In response, they suggested that
participation differences were likely related the behaviors that they were investigating and would
make for an interesting area of examination, which was noted by other scholars who also
informally used server log data to observe participant interaction differences (e.g., Kale, Brush,
& Saye, 2009; Seraphin et al., 2013; Walker et al., 2012).

In a similar trend, scholars often casually observed that although not part of their main
analysis, the frequency and content of teachers’ written works during oTPD often differed among
participants. (Hanuscin et al., 2014). For example, Chen, Jang, and Chen (2015) noted multiple

differences in the experiences teachers had during oTPD, as reported in teachers’ reflective
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journals during the program. To this end, Chen and colleagues suggested that these differences
merit additional study. Often, different teachers chose to share more or less in the social or
creative components of the PD, which was echoed by multiple other scholars (Hou, Sung, &
Chang, 2009; Liu, 2012; Polly et al., 2016). Although these indirect observations of variation
may indeed lead to analyses in and of themselves, the examples presented above were not used
in the formal analyses in the studies in which they were reported. In other words, they were
offered in a way that supplemented the narrative of the design and research report, but were not
directly used in the research design of the study. The studies in this category highlight examples
of unexpected trends in variations in participation that occur within online environments that
researchers encountered during their original analyses, but which merit some discussion in
research articles.

Studies without mention of or accounting for variation in participation, or used
binary measures. Finally, in contrast to the above-mentioned studies, 15 studies did not account
for the possibility of variations in teacher participation or interaction with multiple PD features.
Studies in this category either made no mention of variation in participation or interaction (e.g.,
Cavanaugh & Dawson, 2010; Ostashewski et al., 2011; Shea, Mouza, & Drewes, 2016), or
treated participation within the formal analysis uniformly, with each participant’s experience
being assumed as the same. Most often, studies in this category generally held teachers as equal
participants, regardless of variation in their levels of participation or different patterns of
interactions (Kellogg, Booth, & Oliver, 2014; Martin et al., 2016; Qasem & Viswanathappa,
2016; Sherman, 2008). It is certainly simpler to implement studies with such an “everyone has
similar PD experiences” assumption, as it can be held that there was at least a basic uniformity

among experiences and observed and that any observed changes could be attributed to a general
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PD experience offered to all participants (Francis-Poscente & Jacobsen, 2013). However, such
an assumption withholds useful participant interaction data from any analysis that could allow
researchers to identify which elements work or didn’t work as expected.

Uniform participation was indeed formally included in some studies but did not qualify
for an accounting of variation in teacher participation during oTPD. Such measurement was
typically captured in a binary way through experimental treatment and control conditions. An
example of such a binary participation measurement assigned a score of 0 to participants
representing a control condition of receiving “no PD” and a 1 to those representing “received
PD,” which exemplifies traditional field trial and experimental approaches to examining PD
efficacy. As a result, these studies did not account for interactions that occurred within the “black
box” of a PD’s inner workings and features (Wayne et al., 2008). The level of participation
within this conception is held uniform by design across participants regardless of the
combination of features that appear within an oTPD program and the various combinations of
patterns in which participants can use them (e.g., Ho et al., 2016; Malanson et al., 2014; Masters
et al., 2010). As a result, the assumption of uniform participation makes it difficult for readers of
research know the degree to which participants’ experiences differed within oTPD interventions
and the degree to which the intervention and its features were used.

The discussion above highlights a significant gap in oTPD literature that accounts for the
potentially infinite ways that teachers can participate in and experience PD that use online
interactive tools. As an intervention realistically has no effect unless participants use it, it is
important to qualitatively and quantitatively assess how participants use these interventions.
Because the most frequently cited affordance of online technologies for PD is personalization

and flexibility, researchers need to emphasize the measurement of how interventions are used in
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order to examine if differences in experiences or exposure to PD elements have effects on

outcome achievement (Dede et al., 2009; Wayne et al., 2008).

2.3.2.2 Foci of oTPD Research and Methods Used

The research questions appearing in oTPD publications from the previous decade have
generally aligned well with the previously observed categories of research foci by Dede et al.
(2009) on the contents of 0TPD research from before 2008. The observed research questions
within these foci also closely align with the “methodology” dimension of oTPD studies that was
observed in the review by Lawless and Pellegrino (2007). In this section, the reviewed studies
were categorized by research foci and research question using a four-category scheme modified

from those observed by both the studies from Dede and colleagues and Lawless and Pellegrino.
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RESEARCH FOCI OF OTPD STUDIES AND METHODS USED TO INVESTIGATE
RESEARCH QUESTIONS, 2007-2017

Research Foci

No. of
Studies

Description

Methods Commonly Used

Descriptive Accounts

Program Effectiveness

Technical Feature
Analysis

Processes of
Professional Learning

26

14

13

17

Studies that describe, in detail,
oTPD interventions; General
program evaluations.

Studies that investigate whether
program goals were met, based on
measured outcomes.

Technology-centric studies that
examine how and with what effect
a specific technical feature
operated in an oTPD.

Investigation of professional
development processes and
interactions within oTPD
interventions.

Descriptive evaluation reports
Case study

Randomized experiments

Quasi-experiments

Observational quantitative
comparison (single-group)

Observational quantitative
comparison (single-group)
Case study

Case study

Social network analysis

Basic qualitative study

Mixed methods thematic analysis

Note: categories are not mutually exclusive, as studies could have multiple foci or research questions

These four categories account for multiple trends that have appeared in studies regarding

advancements in web-based technologies over the last decade and calls by the research

community toward understanding “what works and why” in PD (Lawless & Pellegrino, 2007).

These research foci include (1) providing descriptive accounts, (2) demonstrating program

effectiveness, (3) analysis of technical features, and (4) analysis of processes of professional

learning. In addition, multiple studies had more than one research focus, so some studies

appeared in more than one foci category. Table V summarizes these four categories of research

foci, as well as the frequency of studies using each focus. Included in the table are the research
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methods that were commonly used by researchers to investigate oTPD programs in each
category.

Descriptive accounts. In the first category, the authors of 26 studies focused on
providing general program-level descriptions and evaluations of the oTPD or its participants. To
enrich these descriptions, authors often used quantitative measures of design features, program
outcomes, or participant interactions to supplement their descriptions. Within this category,
researchers often reported descriptions of program design, researchers’ perceptions of how
programs achieved goals, participants’ general perceptions of programs, and whether programs
met the designers’ expectations. An illustrative example of this approach is in the descriptive
account of an oTPD performed by Owston, Sinclair, and Wideman (2008) in which they
described and reflected on how their program was conducted after one implementation. As a
result of this evaluation, they found that teachers generally had high levels of satisfaction after
the program, as well as found the program’s hybrid learning format valuable. Using a
combination of server clickstream logs and participant writing, Owston and colleagues also
explored whether their expectations regarding how the PD was used were met, finding that
participation was lower than expected. In another example, Vu et al., (2014) provided a rich
description of their PD program by using surveys and activity logs to narrate how their program
both met and fell short of expectations for both the designers and participants.

Another observed trend in descriptive-type evaluations of oTPD was the study of
participant satisfaction and participants’ perceived value from programs. This trend is certainly
not new to the field, as it was also commonly observed by both Lawless and Pellegrino (2007)
and Dede et al. (2009) in their previous reviews of PD programs. To this point, both Lawless and

Pellegrino and Dede and colleagues suggested that the practice of basic evaluation was no longer
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advancing the PD/oTPD field in a productive way. Although such studies are easy to complete
through a post-participation questionnaire or survey, they little to demonstrate how and with
what effects participants engage in oTPD. In the studies in this review, satisfaction-type studies
were largely completed with qualitative or anecdotal reporting of survey data from participants,
or asked participants to self-report their level of learning only at the end of the program, such as
with only a post-program survey (Duncan-Howell, 2010; Edinger, 2017; Salmon et al., 2015).

Although multiple authors of studies indeed provided evaluatory reports and overviews
of their programs, they also often investigated additional research questions and had multiple
categories of research foci. In fact, of the 26 programs that performed program evaluations, only
a handful only included basic evaluations or surface-level analyses of programs (8 studies).
Instead, oTPD publications in this category investigated most often other more robust research
questions and were supplemented by program-level evaluations. Therefore, the field appears to
have shifted from predominantly discussing the satisfaction of participants or simply describing
oTPD programs to performing more in-depth investigations on the processes and effects of
oTPD programs. This shift has been promoted by multiple reviewers and scholars in the field
over the previous two decades as necessary for a more robust understanding of PD theory and
efficacious design (Dede et al., 2009; Desimone, 2009; Hochberg & Desimone, 2010; Lawless &
Pellegrino, 2007; Wayne et al., 2008). To this end, program-level evaluations remain useful
toward adding context and design information within publications, but should not be the sole
focus of investigation.

Program effectiveness. To demonstrate program effectiveness, 14 studies quantitatively
analyzed oTPD program efficacy with varying methodologies. Over the past decade, scholars

performed oTPD efficacy studies by either investigating whether outcome measures that reflect



96

program goals were higher at the conclusion of the program than at the start (e.g., pre-post
measures), or by examining whether the PD intervention as an independent variable had any
statistical effect on outcome variables. To accomplish this, two methodological approaches were
typically used within the studies in this category. First, some studies had an experimental or
quasi-experimental structure, with the PD intervention being a treatment condition in comparison
to some other control condition in which teachers did not participate in PD and participants were
randomly assigned treatment conditions. Second, efficacy was also examined through
observational comparison, in which a single treatment group was observed for changes in
measures based on the goals of the PD program.

First, some researchers used experimental procedures to examine program efficacy on
dependent outcome variables. Fishman et al. (2013) and Masters et al (2010) are the only two
authors in this review that utilized full randomized experimental approaches in their studies. In
the most illustrative case, Fishman and colleagues completed the most traditional-style
randomized field trial of the studies in this review by examining randomly assigned groups of
teachers who had either face-to-face or online PD. According to Fishman et al., only the location
of the PD was different between conditions -- teachers were provided the same content and
similar interactions in both types of PD. They concluded that they could observe no
distinguishable difference between online of face-to-face conditions, if PD content and activities
are held constant. However, the study experienced some major criticism from Moon et al. (2014)
toward its findings that there was no difference between face-to-face and online PD. At the heart
of Moon and colleagues’ response to Fishman and his co-authors was whether the face-to-face
and online interactions and features that were held “constant” in the experiment were indeed

providing the same experiences as they were assumed to be. Instead, it was argued by Moon et
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al. that participants could experience these PD conditions in unique ways within both the face-to-
face and online approaches based on their prior experiences and the affordances of the specific
PD design. In other words, the interactions in face-to-face and online PD may not be equal, even
if participants do the same #ype of activity. To this end, Moon et al. encouraged the research
community to consider if whether comparisons between the two conditions could be made with a
high degree of validity.

These arguments are similar to those made by Kozma (1991) in earlier years of
educational technology research. In a series of famous debates about “media effects” that played
out over series of published articles over close to a decade, Kozma suggested that each media
type or content delivery mechanism used in a learning environment likely affords unique types of
interactions, understandings, and opportunities to use information (Clark, 1991; Kozma, 1994;
Morrison, 1994). On the other side of the debate, Clark (1983) claimed that media choices and
delivery mechanisms in digital learning environments were “mere vehicles,” and it was only a
matter of finding the right combination or amount of media to gain understanding or achieve
designs that would yield similar results in different learning environments. Although the
arguments have become more nuanced between these two groups, the similar type of claims
about media between Fishman et al. (2013) and Moon et al. (2014) reveals that theoretical
assumptions about media use and the “delivery” of PD programs remain to be an important area
of debate in the field (and, as a result, demonstrably lacking a consensus). However, despite the
modern challenges with experimental approaches in PD, the study by Fishman et al.
demonstrates a worthwhile attempt to demonstrate program efficacy in a way that was
appropriate based on its contexts and did not put participants in the control condition in a

disadvantaged position.
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Unlike the study discussed above by Fishman et al. (2013), random assignment between
experimental conditions is often difficult or impossible to achieve based on the mission of
providing PD to any teacher wishing to participate. Quasi-experimental approaches were used by
five scholars to address challenges with participant selection and condition randomization in
complex oTPD environments (Malancon et al., 2014; Qasem & Viswanathappa, 2016). One
illustrative example of an oTPD efficacy quasi-experiment is by Ho and colleagues (2016), who
sorted participants into experimental condition groups based on their demographics to achieve
balance among participant groups and examined teachers’ knowledge, self-efficacy, and
satisfaction as a result of participating in the program. Similarly, Walker et al., (2012) conducted
a quasi-experiment to examine teachers’ knowledge, skills, and technology integration practices
based on the science content covered in the PD. They used a generalized estimating equation
model to also examine the subsequent effect of PD on students, in which the examination of
student effects was rare among studies in this review. Although the selection of participants was
not truly random with these studies in comparison to the full-experimental method described
above, they all examined statistical differences in quantitative outcome variables between two or
more groups of participants that were selected by the researchers with some degree of rigor to
address challenges in selecting participants at random for a voluntary, informal oTPD program.
In a second approach to efficacy methodology, quantitative single group analyses were
performed by scholars, which are often called observational studies by experimental
methodologists (Shadish, Cook, & Campbell, 2002; Wayne et al., 2008). This approach was used
in 7 studies to examine program effectiveness. It was typically accomplished using a pre-post
measurements of variables of interest and use of basic statistical methods, such as t-tests or

ANOVA models, or if multiple independent variables are used, linear regression and ANCOVA
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models. An example that collectively illustrates these seven studies is that of Moore et al. (2016),
who used basic statistical tests to examine differences between pre and post assessments of
participants’ frequency of use, feeling of preparation, content knowledge, and perceptions of
alignment of the PD to goals. There was only one subject group in this study as the PD program
was offered to all participants without an alternative program that was offered to serve as a
control. With oTPD programs, there is usually no control or alternative subject group that is
commonly present in an experimental study, as programs are more focused on providing high
quality professional development to their teachers and investigating new approaches to PD rather
than conducting a multi-group experiment. Although the inner workings of the PD were treated
as a “black box” and obscured from the research model, Moore and associates observed
significant positive changes in teachers’ preparedness and knowledge after participating in the
PD, while not observing any change in teachers’ perceptions of relevance of the PD or their own
level of empowerment to enact the material from the PD.

The observational-type studies examined the effectiveness of programs based on
differences within the treatment group alone to determine if goals were met. Although they are
not defined as experiments and are thus limited in their ability to describe causal relationships,
observational approaches nonetheless provide opportunities researchers who are unable to
complete experimental trials with their PD programs and should not be discounted. When
designed well, observational approaches offer tools that provide evidence to the oTPD field on
efficacy of individual programs and features, as well as insights into factors that might influence
the achievement of outcomes (Wayne et al., 2008).

A more novel third approach also was observed in this review. In an excellent example of

simultaneously investigating both theory-based processes and efficacy in oTPD, Wang et al.
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(2014) conducted a design-based research (DBR) study of their program. As the only example of
DBR observed in this review, the study examined changes through multiple iterations and
changes of the program design and documented changes in both qualitative processes and
quantitative outcome measures. Working with a group of 25 teachers, Wang and colleagues
organized part of their study to include four quasi-experimental studies that measured and
compared multiple groups’ changes in teacher practice, knowledge, and student outcomes over
four design iterations. However, despite qualitatively describing differences in participant
experiences as part of their complementary investigation on processes of learning, neither Wang
et al., nor any other author of efficacy studies in this review included independent variables of
variations to participation or interaction with PD features in their designs. This type of measure
has been suggested by Wayne et al. (2008) to formally account for dosage or exposure to PD
interventions in statistical efficacy research models and increase rigor in experimental
approaches. However, Wang and colleagues addressed the challenge of simultaneously focusing
on iterative design and efficacy using DBR in oTPD, which was specifically called for by Dede
et al. (2009) in their previous review of the field’s literature.

However, at least two observational-type studies in this review were conducted with less
levels of rigor than has been encouraged the oTPD community, including the use of single time
points to argue for program effectiveness. The study by Edinger (2017) is a useful example to
illustrate the challenges of rigor that still appear within the field’s peer-reviewed research. In the
study, Edinger departed from the field’s conventional pre-post design to document changes in
teachers and examined PD efficacy from a single group at a single time point, despite this being
a less robust approach to make claims about observable changes in teacher skills and knowledge.

At the close of the PD program, Edinger collected self-reported data from teachers on their
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perceived behavioral and knowledge changes as a result of participating in the PD and examined
differences based on participant demographics. With only a single time point and few (if any)
independent variables related to the intervention to account for intervening influences, it is
difficult for the field to infer any change or effect of the PD program on teachers’ knowledge or
practices.

Although randomized field trials are often regarded as the “gold standard” of behavioral
research, the use of observational-type analyses for efficacy are just as important in the field of
oTPD. Randomized experimental analyses are indeed more difficult to conduct in authentic,
informal oTPD settings because the participants themselves are usually volunteers and, as such,
participants self-select themselves by default from the outset (Borko, 2004). As a result, it may
be impossible to achieve large-scale, full-program true randomized experiments within the oTPD
field, making observational-type studies useful toward advancing research in the field. In
addition, PD interventions in general are aimed to help anyone that desires improvement, making
the possibility of being sorted into a control condition undesirable as the participant would not
receive the designed research intervention. Observational-type studies with a single treatment
group have an increased risk of selection bias, which is a concern with conducting experimental
research from which causal claims about theory and interventions are made. Despite this
limitation, observational-type efficacy studies still provide useful analytical approaches that may
only be available to single-group program design (Desimone, 2009; Hochberg & Desimone,
2010; Wayne et al., 2008). In other words, observational single-group efficacy studies are likely
better than nothing, if conducted in a rigorous way.

Despite the methodological challenges associated with performing efficacy research,

additional care by researchers can be made to improve studies’ methodologies to be as robust as
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possible to measure efficacy. Both experimental and observational-type methods can be used
where appropriate based on program structure and the type of participants interacting with the
program, and thoughtfully interpreting the data with consideration for whichever method was
used in order to make claims about program efficacy (Borko, 2004; Dede et al., 2009; Wayne et
al., 2008). In the case of observational-type methods, certain procedures can be integrated to
reduce experimental error and bias during participant selection and the conduct of the study.
These include estimating treatment effects with measures of known factors that correlate with
PD participation and student outcomes (e.g., having a degree or advanced training in the subject),
or the use of information about the degree to which teachers generally join or don’t join PD
programs to balance the pool of subjects (Wayne et al., 2008). In addition, as mentioned in the
section above, the use of participation or interaction data from within the PD would likely be
valuable variables for both experimental and observational-type efficacy studies for investigating
the dosage or exposure to the PD intervention and its various features, and increasing the
robustness for evidence-based arguments of efficacy, either through experimental effects or
observational-type changes (DeBoer et al., 2014; Hochberg & Desimone; Wayne et al., 2008). In
the case of oTPD, such data are readily available in the form of server log files, user
clickstreams, and other learning analytics that can be automatically generated as participants
interact with digital systems.

Technical feature analysis. Similar to program efficacy, this category was first
identified by Dede et al. (2009) as substantially different enough of a research trend to merit its
own category. Indeed, this category remained relevant for the most recent decade of oTPD
research. 13 programs separately examined procedures of how and with what effect participants

used specific features within an oTPD program. Described another way, this category takes a
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feature-centric approach by essentially asking the question: “how did this specific feature
perform.” The features in this category are also typically novel to the field or exhibit new
functionalities that are being explored in PD contexts. This could include investigations of how
participants use the feature or how effective the feature was at achieving goals. Examples of
singular features examined at this level include message boards or forums (Kellogg, Booth, and
Oliver, 2014; Seraphin et al., 2013; Sherman, Beyers, & Rapp, 2008), the use of technologies for
the classroom (Martin et al., 2016), teacher portfolios or journals (Seraphin et al., 2013), badges
and achievements (Gamrat et al., 2014), and use of instructional modules (Wang et al., 2014).
Case studies of specific feature implementations were utilized by four scholars to examine how
and to what end features were used. In one example, to examine how the interactive
communications features were used within their program, Chen, Jang, and Chen (2015)
performed an interpretive case study. Procedurally, the discourse characteristics of teachers were
openly coded by Chen and colleagues from teachers’ writings from the communications tool and,
from this single case of program implementation, categories of discourse that occur within the
oTPD were identified by the study’s authors. Taking a slightly different approach, Gamrat et al.
(2014) examined the use of digital badges in an oTPD program by comparing and contrasting
teachers’ experiences within a collective case study. Although it examined only one
implementation of a badging program, their case study was termed collective as the researchers
simultaneously considered the experiences of 8 teachers within the single implementation.
Through continual comparison, Gamrat et al. identified themes of activities that teachers do with
the badging system through a thematic analysis of teacher’s written data that reflects their

experiences with the badging system.
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In addition to case studies, six scholars used other qualitative approaches to investigate
features in programs. Scholars performed more general or “basic” qualitative studies that were
guided by the systematic and iterative thematic categorization of data sources as interpreted by
researchers to investigate feature use (Merriam, 2009). A typical example of this appears in
Unwin’s (2015) study on the process of how digitally moderated discussions influence teacher
inquiry. To investigate how people use discussion tools toward activities of inquiry, Unwin
examined and categorized through qualitative coding a number of written works by and
interviews with teachers. Each new category that was observed was compared with existing
categories and defined in detail. The iterative analysis of these data allowed Unwin to interpret a
number of categories of actions that influence teachers’ inquiry behaviors, ultimately leading to
new understandings toward how and with what ways the discussion modules in the course were
used to achieve these goals. Similar interpretive qualitative approaches also appear in the work
by Francis-Poscente and Jacobsen (2013), Liu (2012) and Prestridge (2010). Alongside the
studies that used only qualitatively derived data, Bates, Phalen, and Moran (2016) sought to
investigate the use of video in their program by employing a mixed-methods approach. With a
goal of defining learning processes and factors that influence use, they used both quantitative
learning analytics collected by the online PD system as well as qualitatively categorized video
ratings and personal reviews of videos to understand important aspects of video in their program.

This group of studies partially addresses the need to describe and measure the use of
multiple design features of oTPD programs that has been prescribed by Wayne et al. (2008),
Hochberg and Desimone (2010), and Borko (2004). However, these studies are distinguished
from the rest as they do not account for whether the overall program met desired goals, nor

describe all features within a program in detail. Instead, studies following this trend typically
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described a single feature or technology in detail and rarely described multiple features being
used in combination. This approach then is useful toward investigating the use of specific
technologies or features in oTPD programs, but is generally not sufficient to respond to questions
about what programs work best toward achieving goals and subsequently promoting investments
in programs that work.

Processes of professional learning. Another popular focus within studies from the
previous decade were those that sought to advance theories of professional learning by either
identifying and tracing processes and interactions in professional learning, or investigating
external factors that influence individual professional learning. 17 studies adopted research
questions and methods that align with this focus.

Of these studies, four scholars indicated that they used case studies of specific oTPD
implementations to describe and unpack the learning activities of teachers (e.g., with procedures
similar to that described by Yin, 2009). By design, case studies do not have to be purely a
qualitative endeavor, which is useful in oTPD environments that can generate significant
amounts of quantitative interaction data. In such a case, Kellogg, Booth, and Oliver (2014)
performed a mixed-method case study of an oTPD implementation to examine peer interaction
structure and patterns. By looking at a combination of social network analysis, learning analytics,
and a qualitative analysis of participants’ posts in forums, Kellogg and colleagues identified and
triangulated the various structures that were present among participants’ interactions with each
other in the context of a single PD program. Using case studies in another way, Chai and Tan
(2009) examined the discussion forums of an oTPD called The Knowledge Forum. Within the
context of this PD, they adopted a mixed-methods approach for their case study by using a

qualitative interaction analysis model and social network analysis to examine teachers’ text posts
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to identify the different ways that people interact in a social PD environment and factors that
influence discussion (such as intent or purpose of conversations). Their analysis also included the
use of quantitative participation data to contextualize variations in interaction between
participants. Although the reviewed process-focused papers that used case studies do not address
program effectiveness, these reports can be useful to designers who wish to better understand the
types of interactions that might be expected within certain oTPD contexts.

The remainder of the studies in this category used other qualitative or mixed methods
approaches to investigate the processes of learning within PD. A portion of these studies were
collectively focused on understanding how professionals collaboratively build knowledge. For
instance, Zhang et al. (2017) performed both a structured content analysis on written posts by
teachers in the oTPD and lag analysis using behavioral learning analytics to describe the
processes of social learning and collaboration that teachers use within an oTPD program. Using a
different approach toward a similar question, Albers, Pace, and Odo (2016) completed what they
termed an interpretivist qualitative study to describe the processes of knowledge construction by
teachers through negotiation and reflection. In addition to the qualitative portion of their study,
Albers and colleagues also used learning analytics from online interactions to support their
qualitative findings. Other studies in this category asked a similar set of research questions, but
instead investigated social phenomena at a different grain size than those projects listed above.
These studies were more broadly interested in the composition of PD communities and the
primary ways that teachers performed work within their communities of practice (Dalgarno &
Colgan, 2007; El-Hani & Greca, 2013).

Similar to social knowledge construction, another small group of studies in this category

were focused on how participants found and used information within an oTPD. In an illustrative
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example, Berger, Eyelon, and Bagno (2008) performed a descriptive content analysis to identify
how use of the oTPD environment how themes of teachers’ inquiry and practice in the oTPD
over 9 months were continually connected, or alternatively were broken up into smaller thematic
segments of information and online community use in the oTPD system. To generate themes of
learning activities by both duration and continuity of patterns of reasoning, they utilized a
grounded theory approach in which messages posted by teachers in the environment, web log
data, and transcripts from meetings with teachers were continually analyzed until themes
emerged. Other methods used to investigate processes of informational use and subsequent
learning include basic thematic qualitative analysis (Unwin, 2015), an inductive analysis of the
system and social interactions within online PD modules (Polly et al., 2016), and analysis of
similarities and differences between processes using qualitative descriptions and tracking of
teachers’ clickstreams, screen captures, and think aloud dialogue within an oTPD system (Beach,
2017).

It is also important to note a new trend within this body of oTPD work: process-based
studies and descriptions in this category often did not rely solely on qualitative analyses. Indeed,
many qualitative approaches that have been common in the education literature were present in
the reviewed studies. However, multiple oTPD papers in this review also used quantitative
learning analytics data from online environments to complement qualitative analyses to some
degree (e.g., Albers, Pace, & Odo, 2016; Hou, Sung, & Chang, 2009; Renninger, Cai, Lewis,
Adams, & Ernst, 2011; Zhang et al., 2017). This trend toward the use of both descriptive and
predictive quantitative analytics in process-based studies reflects an added benefit that
researchers gain from providing oTPD opportunities and the ease of collecting interaction data

online. As a result, clear instances and sequences of interactions can be captured in the data, and



108

qualitative claims can be better evidenced through triangulation of sources than when relying on

qualitative analysis alone.

2.3.3 Units of Analysis in oTPD Studies between 2007-2017

Lawless and Pellegrino (2007) identified that technology-based PD programs before 2007
featured research questions and variables of interest that reflected three general units or groups of
analysis: teacher-level, program-level, and student-level. Each of these units of analysis reflect
different layers in the typical professional development chain of theory, or logic model, with PD
programs typically intended to influence more immediate proximal changes in teachers, which
subsequently influence more distal changes in students through interaction with their teachers
who participated in PD (Wayne et al., 2008). The studies presently reviewed largely aligned with
the same categories of units of analysis observed by Lawless and Pellegrino. Therefore, in this
section, studies were reviewed based on the three levels of subjects that were typically
investigated: teachers, students, and whole programs. Within each unit of analysis, additional
sub-units or grain sizes were also observed, which are also further described in this section.

Table VI provides a summary of these three categories and their included studies.
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TABLE VI

UNITS OF ANALYSIS OBSERVED IN STUDIES FROM 2007 TO 2017

Unit of Analysis No. of Studies
Teacher-level 53
Program-level 23
Student-level 6

Although at least some studies appeared in each of the three categories, the number of
studies appearing in the teacher-level category was substantially larger than that of the other two
categories. This same trend was observed in the prior findings by Lawless and Pellegrino and by
Dede et al. (2009), indicating that little change has been made in this area toward including
program and student-level units of analysis in oTPD research. This includes few findings
observed in this review concerning the scaling of PD programs (a program-level unit of analysis)
or changes in students’ learning outcomes as a result of their teachers participating in PD (a
student-level unit of analysis).

The concepts of research foci and units of analysis in this review are similar, but they
differ in an important way. With the research foci discussed in Section 3.2, studies were
categorized by both the type of research question asked and the goal of the study. In considering
units of analysis in this section, studies are categorized by the level of analysis or grain size of
data that are analyzed. This section is concerned with the subjects of the study, or who or what is
being studied. Studies in this review were also eligible to be included in multiple categories if

they demonstrated multiple units of analysis. For example, a study with a research focus of
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program effectiveness can simultaneously investigate multiple units of analysis, such as

teachers and their interactions and outcomes, as well as student outcomes.

2.3.3.1 Teacher-Level

As oTPD programs are designed for teachers, they are the closest to such interventions.
could be readily expected then that research questions and findings in oTPD studies from the
previous decade mostly concerned with teachers, with 53 studies having teacher-level units of
analysis. These studies examined grain sizes of both individual teachers and teacher groups.
Concepts of interest in these studies included teacher development of knowledge, skills, beliefs,
practices, implementation of pedagogy, dispositions, and processes of learning within PD.

One subset of the teacher-level analysis category included studies that investigated
teachers’ development of knowledge or beliefs regarding content, technology, and teaching in
the disciplines. Particularly common among this subset of studies were examinations of increases
in teachers’ content knowledge related to specific disciplinary topics in oTPD programs (e.g.,
Fishman et al. 2013; Owston, Sinclair, & Wideman, 2008; Sherman et al., 2008; Walker et al.,
2012). For example, Masters and colleagues (2010) examined teacher gains in English language
arts content knowledge from an oTPD, which was compared to teachers who participated in an
in-person PD. Using a pre-post experimental design, they found that both PD groups scored
higher on knowledge and confidence in language arts content, but those that participated in
oTPD exhibited higher effect sizes on increased levels of knowledge and confidence than that of
the control group. Additionally, some studies investigated teachers’ development in knowledge

about and attitudes toward new technologies to be used in the classroom (e.g., Ching & Hursh,
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2014; Renninger et al., 2011; Walker et al., 2012). Although these examples are just a few of the
many in this review that explored elements of teacher knowledge and attitudes, the examples
also demonstrate that multiple simultaneous layers of psychological phenomena continue to be
investigated in relation to oTPD programs, making it a popular area of research during the
previous decade.

Another subset of teacher-level analysis can be characterized by investigations into
changes in teacher practices or use of pedagogical approaches. Within this subset, it was
common for studies to investigate how teachers’ classroom teaching was influenced by
participating in an oTPD program. Examples of this include the measurement and description of
how teachers use new technologies for teaching purposes (Moore et al. 2016; Walker et al.,
2012) and how teachers prepared for everyday interaction with students (Shea, Mouza, &
Drewes, 2016; Unwin, 2015). Some studies also investigated how and to what degree teachers
perform certain teaching strategies as a result of oTPD participation, including strategies to
promote student creativity (Al-Balushi & Al-Abdali, 2015), use of connectivist teaching
practices (Graham & Fredenberg, 2015), and student-centered pedagogical approaches (Martin et
al., 2016). Also in the category of teacher-level practices were studies that questioned how and to
what degree teachers implemented new curricula or pedagogies with a high level of fidelity. For
instance, Fishman et al. (2013) specifically intended their oTPD to support teachers’ high fidelity
of implementation of a novel curriculum. In an experiment between oTPD and traditional face-
to-face programs, they found that both groups exhibited high levels of fidelity and knowledge
gains, but no differences were observed between the oTPD and face-to-face teacher groups.
Although this is only one example, the findings by Fishman and colleagues exemplify the type of

evidence that is useful to the field for determining the appropriate contexts in which to employ
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oTPD programs to meet goals for improving teacher practice and promote sound PD investments
(Fishman et al., 2013; Hochberg & Desimone, 2010; Moon et al., 2014).

A third subset of studies was concerned with examining teachers’ interactions in oTPD
environments and the processes that teachers employed for learning within oTPD programs.
However, it is appropriate in this discussion on units of analysis to highlight that studies in this
category examined teachers’ learning processes at various “grain sizes.” To this end, the most
common grain size observed in this review was that of the single teacher, with which studies
contrasted participants with their peers to gain insights about professional learning processes. For
this subset of studies, data sources for investigating teachers’ interactions were typically
generated from teacher work artifacts in oTPD environments, such as writing tasks or online
discussion forums (e.g., Ching & Hursh, 2014; Duncan-Howell, 2010; Kale, Brush, & Saye,
2009). For instance, Albers, Pace, and Odo (2016) studied participants’ messages that they
posted in a forum about their activities within an oTPD to identify the different ways that
participants were using the PD. Similarly, by using teachers’ surveys on PD activities, Liu
(2012) revealed themes of teachers’ perceptions of valuable processes in a social oTPD,
including participation in a learning community, self-reflection, group discussion, activities that
promote “noticing” effective teaching, activities that have participants revisit teaching practice,
and aligning PD activities with everyday workload to reduce difficulty in participation. In
another example, Rolando et al. (2014) investigated whether teachers performed expected tasks
within an oTPD, noting that most teachers performed above the level of minimum expectation
within the studied program. By contrasting teachers, Rolando and colleagues also found that

certain actions in the PD can be used for more than one purpose, such as the viewing of
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discussion forum posts for information gathering, exploration, network building, and
camaraderie.

In contrast to the use of individual teachers’ data for the grain size of interest, some
studies also examined group-level dynamics of teachers to explain PD processes. Laurillard and
colleagues (2016) investigated five massive open online courses (MOOCs) used for oTPD to
investigate how online communities form and interact with content. By analyzing community
interactions and group collaboration, their finding was humbling in that teachers found it difficult
to engage in collaborative activities due to structural constraints of online environments that can
make social interaction sometimes less personal and difficult to work together on projects with
people that don’t work closely together in person. Using another approach, Kellogg, Booth, and
Oliver (2014) studied teachers’ social interactions within a PD MOOC to identify types of
participation. Using teachers’ social messages within a MOOC as a data source, they used social
network analysis to identify teachers who were both core and peripheral participators within the
program, investigated whether different social groups within the program interacted in the same
ways, and identified the types of knowledge that were shared among groups. An important
finding from this study revealed that the network structure of groups within the oTPD that was
studied mimics the network structures of other social phenomena, such as communities of
practice and face-to-face professional learning networks.

Although it is true that the varying grain sizes in the aforementioned teacher-level studies
each represent different units of analysis in their own right, each of these layers also reflect
teachers only. Based on these results, the field has been engaging in answering pressing
questions about the influence of PD on teacher practice as a component of effective PD (Ball &

Cohen, 1999; Dede et al., 2009; Desimone, 2009; Garet et al., 2001; Lawless & Pellegrino,
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2007). However, although there were many investigations on teacher-level knowledge and
practice in the previous decade related to oTPD, this focus on teachers did not necessarily mean
that these studies answered critical questions about the efficacy of oTPD programs and their
constituent features. In fact, as discussed previously in Section 3.2 on research methods, only a
handful of the studies with teacher-level units of analysis in this review employed an efficacy-
style design. This leaves the field with unanswered questions about the degree to which the rich
variety of oTPD programs over the previous decade met their intended goals of influencing

teacher knowledge, beliefs, and practices.

2.3.3.2 Program-Level

In contrast to the teacher-level, some scholars employed units of analysis that measured
aspects of oTPD programs as a whole unit, with 23 studies utilizing program-level units of
analysis to some degree. The types of studies that employed program-level units of analysis
included holistic program evaluations and analyses related to how programs are provided at a
larger scale or are implemented in different contexts.

The largest proportion of studies that utilized program-level units of analysis were those
that performed evaluations of a whole “packaged” oTPD intervention, with 19 studies using
program-level units toward this end. A general trend within this category is characterized by data
to answer research questions of whether implemented interventions (considered at the whole or
single-program level) performed with adequate levels of expected performance or satisfaction for
both the designers and participants. In one example, Cavanaugh and Dawson (2010) provided a

detailed description of an oTPD implementation, as well as a brief evaluation of whether the
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various features performed to the expectations of the researchers. The researchers investigated a
number of program-level variables that were largely measured with thresholds of adequacy that
could be measured in a yes/no fashion, such as whether program features were valuable to
participants, whether features allowed participants to interact in the way they were intended, and
whether the program delivered the intended content. In this case, the number of subjects for each
variable they used was one, which represented the individual program itself. In looking at similar
aspects of oTPD, Cho et al. (2013) described the implementation of an oTPD intervention by
investigating whether an implemented program was able to provide desired types of interactive
affordances by the researchers. Again, the number of subjects in this analysis was one: the single
implemented oTPD program. Although many of the reviewed evaluations in this category also
included teacher-level variables and associated research questions, the above-mentioned studies
investigated program-level variables to some degree by providing rich descriptive narratives that
provide readers with an understanding of the design and features of the PD.

Although they are empirically based, the descriptive program evaluations that were
observed in this review largely failed to provide the level of rigor that scholars have determined
as necessary in the field for both identifying the effective elements of oTPD programs (Hochberg
& Desimone, 2009; Lawless & Pellegrino, 2007; Penuel et al., 2007) or for testing theories of
professional learning (Dede et al., 2009; Wayne et al., 2008). As mentioned in Section 3.2.2.,
holistic program evaluations that use rich descriptive accounts for methodology are valuable for
the continued development of design knowledge and for understanding the contexts in which
programs operate. However, within this review, program evaluation reports and other descriptive
accounts complemented well other rigorous research questions, such as studies that included

both program evaluative descriptions and examined program efficacy (Al-Balushi & Al-Abdali,
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2015; Martin et al., 2016; Wang et al., 2014) or processes of learning (Francis-Poscente &
Jacobsen 2013; Ming et al., 2010; Seraphin et al., 2013; Shea, Mouza, & Drewes, 2016).

Albeit much less prominent than that of program evaluations, another trend in the use of
program-level units of analysis was the investigation of questions related to how oTPD
interventions perform in different contexts so that they might be delivered at a larger scale. Two
studies illustrate this trend well. First, Fishman et al. (2013) investigated the feasibility of
almost-identical PD programs that only differed in their location of delivery (face-to-face and
online). As a result, they found no significant differences between the implementation of the two
programs across several variables, including participant satisfaction, the use of program features
and activities, and amount of time spent by participants between the two conditions. In this rare
example, these scholars offered virtually the same program in multiple contexts to specifically
address questions about the feasibility of program scale. Similarly, Seraphin et al. (2013)
examined multiple implementations of an identical program in different face-to-face and online
contexts, finding that only the informational content that was delivered by programs and
discussed among participants tended to differ between programs, as participant groups in
different contexts will naturally drive conversations about professional learning topics based on
their particular needs and interests. As such, they recommend a degree of flexibility around
content be afforded in oTPD programs in order to promote adaptive scalability.

Toward goals of scalable PD programs, scholars in recent years have repeatedly
expressed the importance for the field to ask questions about scalability of PD programs, for
which program-level units of analysis are appropriate (Borko, 2004; Garet et al., 2001; Hochberg
& Desimone, 2010; Penuel et al., 2007). oTPD is well poised to offer professional learning

opportunities at a large scale with considerably lower resources when compared to its face-to-
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face and hybrid counterparts. However, as of this previous decade, it appears that this area of

research continues to be underdeveloped with only two studies addressing these questions.

2.3.3.3 Student-Level

A persistent challenge in the field of PD research is the need to link teachers’
participation in PD to student achievement. Scholars have contended for years that an additional
focus on student outcomes is essential for the advancement of the PD field (Fishman et al., 2003;
Garet et al., 2001; Lawless & Pellegrino, 2007; Penuel et al., 2007). Despite this mandate from
the field’s scholars, the previous decade of 0TPD research has demonstrated little growth in
general research trends toward examining student outcomes.

Only 6 oTPD studies from the previous decade examined student-level variables in
connection with teacher participation in oTPD interventions. In an excellent illustrative case of
the use of student-level units of analysis, Fishman and colleagues (2013) sought to investigate
differences between online and face-to-face PD programs with identical content and activities.
As expected, they investigated whether programs differed on teacher-level outcomes, finding no
significant differences between online and face-to-face PD with teacher-level outcomes such as
knowledge, confidence, and fidelity of implementation of curriculum as a result of participating
in either PD. However, Fishman and colleagues also investigated whether teacher participation in
either PD type had any demonstrable effect on their students as well. Gathering achievement data
from the individual students in each of the teachers’ classrooms, they additionally observed no

significant differences with student learning outcomes between PD types.
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In a similar fashion, Malancon et al. (2014) investigated an oTPD designed to support
teachers’ fidelity of implementation of a high-school science curriculum by investigating
changes in teachers practice as teachers participated in an ongoing oTPD intervention, in
addition to improvements in students’ knowledge. Along with teacher-level data, Malancon and
colleagues also collected student-level data at both the beginning and end of the oTPD in a pre-
post observational design. Although student changes were indirectly influenced through their
teachers’ implementation of the curriculum, they concluded that the oTPD program supported
student achievement as students showed significant growth between the pre- and post-PD
assessments on biomedical science content knowledge and science skills. It is true that this was
not an experimental study that utilized a control condition, nor was the study able to determine
the unique effect that the oTPD intervention had on student outcomes. However, this
observational-type study demonstrated an important step toward including student-level data in
assessing whether oTPD programs achieve the more distal goal of influencing student
achievement.

Finally, Wang et al. (2014) utilized a design-based research (DBR) approach to
iteratively design and subsequently improve an oTPD for teachers, with an expressed goal of
influencing student learning outcomes. To accomplish this, Wang and colleagues tracked
successive years of an oTPD and the changes to the program design each year, with each year
accounting for both teacher-level and student-level outcome variables. If measured in a rigorous
way, the authors argued that evidence of changes between years can be used to infer at least
partial influence of oTPD on teachers and students through the changes made. They also
recognized the realistic limitations of doing traditional experimental efficacy studies in

educational settings with both students and teachers, as their study uses the same teachers but
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different students for each year because of students moving to the next grade. However, despite
these limitations, Wang and colleagues compared the sequential yearly iterations of PD to track
changes in teacher practices and student achievement, finding that student content knowledge
and skill outcomes were higher with each successive year. Wang and colleagues recognized that
oTPD programs are intended to ultimately influence student achievement. By tracking student
achievement across the years, they were able incorporate empirical evidence about program
efficacy toward student achievement into their process of successive design iterations.

The three exemplars discussed above that used student-level units of analysis reflect
important steps toward the field’s goals of recognizing the ultimate impact of oTPD on student
achievement. However, with only 6 of 54 studies in this review having included student-level
variables, there has not been a substantial trend toward investigating student impact resulting
from oTPD. Research designs that incorporate the field’s mandate for student-level analyses will
bolster the mission of the oTPD community to provide meaningful and effective programs to

support both teacher and student learning.

2.4 Gaps in the Literature: Measuring Program Efficacy while Accounting for Teacher

Participation in Individual oTPD Program Features

The review of the literature in the sections above illustrates the collective direction of the
field from 2007 to 2017. In general, the three focal areas reveal an alignment of the scholarly
work from the past decade with a few of the concerns and mandates raised by the research
community concerning the design and research of PD programs. However, this broader research
agenda set by the field has only been partially addressed by these studies, with some areas of the

agenda not demonstrating any progress over the decade. Toward this agenda, this review
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additionally identified areas for research that remain underdeveloped, which largely echoes the
findings of past reviews on PD from different time periods (Dede et al., 2009; Lawless &
Pellegrino, 2007). In summary, multiple areas within oTPD structure, research design, and units
of analysis continue to have gaps in the type of work that has been deemed necessary for
continued growth in the field.

The authors of the studies in this review have often provided rich descriptions of the
different features within oTPD, how features were implemented, and how these features worked
in practice. Rich descriptions will be increasingly necessary in future years as new technologies
are developed, are refined, and applied by researchers in new ways for oTPD. A second positive
trend among studies was that researchers have made many advancements in understanding the
processes of learning and how participants interact in a variety of oTPD contexts, particularly
within social dimensions of PD. Indeed, much focus has been recently cast on the social
elements of oTPD programs, as demonstrated by the large number of studies in this review that
investigated multiple aspects of teacher learning and PD processes in socially mediated oTPD
programs, either between peers, or also with coaches and PD staff. Social oTPD programs have
promise to afford teachers a more authentic form of learning from which they can learn from
their peers’ experiences in the classroom, which can be connected to their everyday work.
Toward meeting the research agenda, work that provides inventories and rich descriptions of
social processes in oTPD has been valuable to understanding the different ways that teachers
interact in interventions.

Many new positive trends have additionally emerged over the last decade regarding the
design and conduct of oTPD programs and research, as well. For instance, scholars have been

attentive to the novel affordances that cloud computing, mobile devices, and ubiquitous internet
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access can provide to oTPD programs. Technologies such as social networks, notifications,
badging, and even synchronous and asynchronous communications have significantly increased
in their capacity to connect people. Additionally, because oTPD programs afford greater
flexibility to participants through the use of web-based technologies, scholars have embraced
opportunities to provide personalized experiences to teachers. This includes the substantial
increase in studies that report hybrid learning experiences that aim to leverage the best parts of
both online and face-to-face PD, as well as an increased emphasis on providing long-term and
flexible-duration oTPD programs (including self-paced programs). In addition, the commitment
to providing social 0TPD experiences is both well-grounded in the theoretical literature on
professional learning but is also more feasible today than ever with the ubiquity of internet
connectivity and the ability to equ