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Question 4: In your pre-prelim document you expressed an interest in
examining the effectiveness of professional development efforts. How is
effectiveness defined in the literature and what information is needed to determine
effectiveness? Based on your readings for Questions 1-3, what other variables or
measures (dependent and independent) have been used in studies of professional
development for teachers and, more specifically, teachers of science? Have these
same variables been used in studies of online professional development? Do any of
these variables reflect the influence of pedagogical knowledge or pedagogical
content knowledge on student learning or teacher instruction? Given what you now
know, is effectiveness the most useful measure to employ in studies of online
professional development in science education?

Effectiveness as defined by the literature for professional development (PD) is
agreed by many to come down to one primary overarching central driver, that of
improving student learning (Banilower, Heck, & Weiss, 2007; Elmore, 2004; FeimanNemser, 2001; Garet, Porter, Desimone, Birman, & Yoon, 2001; Guskey, 2003; Hawley
& Valli, 1999; WestEd, 2000; Yoon, Duncan, Lee, & Shapley, 2008). Some define
student learning primarily as achievement scores measured by state and national
standardized tests (Yoon, et al., 2008), while others define student learning more broadly
and include improvement in student skills, attitudes, and knowledge (Banilower, et al.,
2007). Figure 1 and Figure 2 provide a comparison of two different, but similar logic
models that make the link between teacher professional development and student
learning. Notice in both logic models that a combination of high quality instructional

Al Byers Preliminary Exam

2

materials, curriculum, and assessment work in conjunction with professional
development to improve classroom teaching and instruction, which ultimately increases
student learning. Figure 1 elaborates on the supportive context necessary for effective
professional development. It includes the following: (a) time for teachers to plan and
collaborate, (b) administrator and community support, (c) sustainability components of
resources, capacity, and structures (Banilower, et al., 2007). Figure 2 omits these
components but shows the importance of student achievement as a feedback loop in
driving future PD, teacher learning and instruction (Garet, et al., 2001). Some espouse
looking at multiple student data throughout the year to assess the effectiveness of PD,
such as: (a) student journals and portfolios; (b) individual student annual progress plans;
(c) observation of student classroom discourse, projects, and presentations; and (d) test
and quiz scores (Blumenfeld, Fishman, Krajcik, Marx, & Soloway, 2000; Fishman, Marx,
Best, & Tal, 2003; WestEd, 2000). Others support and research the value of teacher
learning portfolios as a tool to guide individual inquiry, learning, and reflection, which
may lead to school-wide professional learning communities as portfolios are shared with
colleagues (Milman & Kilbane, 2005; Sherman & Byers, in press; Simon & Johnson,
2008; WestEd, 2000; Xu, 2003).
While the overarching goal of professional development to improve the learning
of teachers and in turn their students is not debated, making causal linkages between the
effectiveness of specific PD initiatives and student achievement is very challenging
given: (a) the complexity and inter-connectedness of the school system (Hewson, 2007),
(b) the sociocultural climate, teacher apprehension, and tendency to resist change in
school or district-wide reform efforts (Blumenfeld, et al., 2000; Darby, 2008; Elmore,
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2004; Fullan & Miles, 1992; Weinburgh, Smith, & Clark, 2008), and (c) inherent
difficulties in attributing the effects of PD to student achievement given the rapid change
in technology-based solutions and difficulties in executing experimental studies in K-12
classrooms (Blumenfeld, et al., 2000; Dede, Ketelhut, Whitehouse, Briet, & McCloskey,
2009; Penuel, Fishman, Yamaguchi, & Gallagher, 2007). Experimental design research
relating effective PD to student achievement as measured by state and national
standardized test are thin (Banilower, et al., 2007; Garet, et al., 2001; Yoon, et al., 2008).
Researchers are calling for studies that move beyond small qualitative case studies
(Wilson, Floden, & Ferrini-Mundy, 2002), or large distilled, and sometimes
uninformative, meta analysis (Guskey, 2003), to instead employ mixed method
approaches for larger PD deployments across multiple districts and providers to
determine the effectiveness of various models when looking to replicate efforts on a
national scale (Borko, 2004). Still others look to combine development, research, and
evaluation calling for design-based research methodology when technology-enabled
online PD models are being evaluated (Dede, et al., 2009). So it would seem that while
the methods to evaluate the effectiveness of professional development may vary, the
overarching purpose to improve teacher and student learning is a common thread among
most researchers, with broad agreement on the components of reform-based professional
development (Banilower, et al., 2007; Hawley & Valli, 1999; Hewson, 2007; Horizon
Research, 2006; Loucks-Horsley, 1999; National Staff Development Council, 2008;
WestEd, 2000). The following PD categories and models are cited across the literature:
1. Traditional PD typically provides training from one to many with the
purpose of demonstrating or disseminating theories, strategies, and
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techniques through workshops, conferences, institutes, or college courses,
and are usually delivered by some internal or external expert (Guskey,
2003; National Staff Development Council, 2008; U.S. Department of
Education, Institute of Education Sciences, & National Center for
Education Evaluation and Regional Assistance, 2008). If these traditional
PD experiences are not linked as part of an on-going school-based effort
with follow-up, these isolated or fragmented PD models are highly suspect
as to their effectiveness (Albert Shanker Institute, 2002; Elmore, 2004;
Garet, et al., 2001; National Staff Development Council, 2008).
2. Reform or integrated PD, is typically part of a school-wide reform or
improvement plan, and includes teachers reflecting on their own practice
in light of student data and may include the following strategies: (a) study
groups, (b) coaching or mentoring, (c) peer-observation and assessment,
(d) curriculum integration, (e) inquiry-action research, or (f) individually
guided activities (Garet, et al., 2001; Guskey, 2003; Hewson, 2007;
National Staff Development Council, 2008; Penuel, et al., 2007; U.S.
Department of Education, et al., 2008). If these efforts are perceived as
top-down, punitive, or do not involve collaborative management,
teamwork, and stakeholder input from teachers that acknowledges their
career experience and expertise, the reform efforts may inculcate teacher
apprehension, fear, anger, and lowered self-confidence levels, leaving
teachers disenfranchised and disengaged from the reform effort (Darby,
2008).
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3. Immersive PD opportunities are typically long duration experiences and
provide teachers of science with in-depth learning opportunities in science
as they work with scientists helping them conduct authentic research onlocation through internships, fellowships, or summer field work ("America
Competes Act ", 2007; Locks-Horsley, Stiles, & Hewson, 1996; National
Research Council, 1996; U.S. Department of Education, et al., 2008).
From the large scale reviews of experimental, quasi-experimental, and teacher
self-report studies, it appears effective professional development needs to be of sufficient
intensity and duration to affect change in teacher practice regarding integration of reformbased curriculum. Researchers suggest at least 49 to 80 hours of PD over the course of a
school year, and not administered as a single “one-shot” experience, but linked to
authentic classroom instruction (Banilower, et al., 2007; Garet, et al., 2001; Supovitz &
Turner, 2000; Yoon, et al., 2008). One of the biggest challenges for effective professional
development is that of providing sufficient time for teachers to reflect, discuss, create,
analyze, and plan both individually, and with colleagues to craft improvements in
instruction based on student work and student assessment data (Fullan, 2007; Fullan &
Miles, 1992; National Staff Development Council, 2008; Penuel, et al., 2007; Penuel &
Means, 2004; WestEd, 2000). When one juxtaposes the total hours of PD completed
against the large scale survey data discussing the amount of time teachers receive for PD
over the course of a school year, one begins to see the challenge in administering
effective PD solutions. A review of the 2003-2004 federal Schools and Staffing survey,
conducted by the National Center for Education Statistics found that 57% of all teachers
received less then 16 hours of professional development during their prior school year,
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and only 23% received more then 33 hours of PD over the same period (National Staff
Development Council, 2008). Research suggests a threshold of at least 30 hours of PD to
effect change in teachers’ classroom practices (US Department of Education, Institute of
Education Sciences, National Center for Education Evaluation and Regional Assistance,
& Regional Educational Laboratory Southwest, 2007), with significant results occurring
after 49-80 hours (Banilower, et al., 2007; Supovitz & Turner, 2000; Yoon, et al., 2008).
Given this deficit, one can see we are already failing to empower our teachers with
adequate opportunities to make substantive changes in their classroom practice.
In addition to the dependent variables of frequency and duration as measures of
effectiveness, other research suggests PD that targets increasing teachers’ science content
knowledge and pedagogical content knowledge as worthwhile variables to improve
student learning, rather then PD that focuses on generic pedagogy or teacher classroom
behavior strategies (Garet, et al., 2001; Heywood, 2007; Kennedy, 1998; Parker, 2004;
Penuel, et al., 2007; U.S. Department of Education, 2000). The linkage between teachers’
knowledge of science content and pedagogical content knowledge as subject matter for
effective professional development in science education at the K-8 grade levels is
strongly supported in the literature regarding conceptual change, science education, and
how students learn (Appleton, 2007; Bransford, Brown, Cocking, Donovan, & Pellegrino,
2000; Driver, Asoko, Leach, Mortimer, & Scott, 1994; Driver, Guesne, & Tiberghien,
2000a, 2000b; Feiman-Nemser, 2001; Heywood, 2007; Monk, 1994; Posner, Strike,
Hewson, & Gertzog, 1982; RMC Research Corporation & Center on Instruction, 2008).
Teachers’ abilities to effectively plan and facilitate students’ construction of knowledge
in making sense of the world around them is intimately tied to: (a) teachers’ deep
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understanding of the science content, (b) awareness of common challenges students may
encounter in dealing with science phenomenon, and (c) knowledge of strategies,
representations, and models that might be used to bridge between the gap between
students existing knowledge and that under instruction (Bransford, et al., 2000; Brown,
1992; Brown & Clement, 1989; Feiman-Nemser, 2001; Luera, 2005). This said,
sensitivity should apply regarding the complexity of science content knowledge for
elementary teachers who are generalists and responsible for teaching a wide range of
subjects (Heywood, 2007; Luera, 2005; Parker, 2004). For a detailed review of this area,
please see prelim question three regarding pedagogical content knowledge. In spite of the
insufficient hours of overall PD provided for teachers, the emphasis on content
knowledge and how to teach it appears to be focused correctly, with 83.4% of teachers
reporting their PD targeted how to teach specific content over the 2003-2004 school year,
which is also corroborated with 23% of all teachers requesting content-related PD as the
number one priority for their professional development (National Staff Development
Council, 2008). These results are buttressed by a large sample survey discussed in prelim
exam question one, finding elementary teachers lack confidence in both science subject
matter as well as how to teach via inquiry-based methods (Horizon Research, 2001,
2002). Thus, professional development for elementary science teachers that facilitates a
deeper understanding of science content within a conceptual framework using inquirycentric pedagogy would seem worthwhile and research supports this as an effective
means to learn the science content for prospective elementary teachers (Hanuscin & Lee,
2008).
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Given this data, one observation regarding professional development might not be
focused on teachers’ inabilities to successfully implement inquiry-based lessons, but
administrators’ challenge to appropriate adequate funding, time and the structure
necessary to enact improvements called for in the literature regarding “effective” schoolbased PD reform models (Elmore, 2004; National Staff Development Council, 2008; U.S.
Department of Education, et al., 2008; WestEd, 2000). To briefly elaborate, features of
“reform-based” professional development seem to be converging on school-based models
that have the following components: (a) clear, agreed upon student learning goals and a
common school vision to focus and shape teacher learning; (b) an expanded array of
aligned PD opportunities that include formal, informal, and internal and external
expertise and partnerships; (c) teacher learning that is on-going, job embedded and
involves iterative improvement through group review of student work and data; (d)
shared governance and collaborative team decision making for larger school-wide issues;
(e) structured time for teachers to collaboratively meet both within grade and across
grades as student progress is regularly monitored and actions are adjusted in light of data;
and (f) distillation and enactment of broader school-wide improvement plans through
individual teacher-developed action plans and portfolios (Darby, 2008; Elmore, 2004;
Fishman, et al., 2003; Hawley & Valli, 1999; Locks-Horsley, et al., 1996; Milman &
Kilbane, 2005; Sherman & Byers, in press; Simon & Johnson, 2008; WestEd, 2000; Xu,
2003). In essence, researchers are supporting the importance of professional learning
communities or collective school participation that is centered on increasing student
learning as part of an on-going culture of continuous improvement (Darby, 2008; Elmore,
2004; Fishman, et al., 2003; National Staff Development Council, 2008; Penuel, et al.,
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2007). When PD is not part of a school-wide culture of improvement, teachers involved
in PD initiatives may encounter significant backlash from other teachers not part of the
PD, undermining the impact of the entire effort (Owston, Sinclair, & Wideman, 2006;
Weinburgh, et al., 2008). Within these broad strokes of effective school-based PD
reform, implementation strategies may incorporate some combination of the following:
(a) mentoring or coaching which may involve both internal or external expertise, (c)
study groups or collective school-wide participation, (d) peer observations and
collaboration, (e) action-research inquiries, (f) individual PD activities as part of a long
term growth plan, and (g) curriculum implementation efforts (Darby, 2008; DarlingHammond & McLaughlin, 1995; Fishman, et al., 2003; Garet, et al., 2001; Guskey, 2000;
Hawley & Valli, 1999; National Staff Development Council, 2008; Penuel, et al., 2007;
Penuel & Means, 2004). Thus, when evaluating or designing “effective” professional
development, possibly looking at the existence and combination of the following
components is prudent: (a) consider how the PD may be catered to the local needs and
contexts in which it is deployed, (b) determine the degree of fidelity to which the
program is implemented, (c) consider the technical support resources necessary for
implementation, and (d) consider how the PD program components are enacted with
respect to supporting teachers’ actual classroom practice (Linn, 2006; Penuel, et al.,
2007; Penuel & Means, 2004; Varma, Husic, & Linn, 2008). Elmore (2004) posits that
school-wide student learning as a result of school-based professional development is not
a linear progression, but one that iteratively rises and plateaus as the effects of certain
initiatives are achieved. He and others recommend the assistance of external partners,
such as universities, may be valuable in observing classroom practices of individual
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teachers and facilitating “next step” discussions as schools strive to make continued
improvements as plateaus are reached (Darby, 2008; Elmore, 2004; Fishman, et al., 2003;
National Staff Development Council, 2008; Penuel, et al., 2007). Given the level of
accountability mandated to teachers and schools by the federal government, Elmore
(2004) argues that “the law of reciprocity” (p. 251) warrants administrators are equally
charged to empower teachers with the opportunity to be successful in what they are asked
to achieve in the classroom. For teachers are the agents of change in student learning,
operating at nexus of curriculum, instruction and assessment (Cuban, 1990; Elmore,
2004). From the discussion above, and looking at the data regarding the duration,
intensity, and type of PD currently provided to elementary science teachers, education
administrators at all levels (e.g., school, district, state and federal), play a crucial role in
providing the resources, capacity, and structures necessary to sustain effective PD as
depicted in Figure 1.
Another critical area that is of primary concern in effective PD, including those at
the elementary level, deals with addressing teachers’ beliefs and orientations toward
science education, their perceptions regarding their confidence in how to teach science,
and their epistemological and ontological beliefs regarding the nature of science and
understanding of science concepts, respectively (Howitt, 2007; Kang, 2007; Pajares,
1992). As addressed in prelim question three regarding pedagogical content knowledge, a
large body of research shows that beliefs, attitudes, perceptions, and personal experiences
affect part of a larger belief system that is deeply seated, resistant to change, and
inconsistent. Ultimately, this belief system affects the pedagogical strategies elementary
teachers employ, the content areas they emphasize and desire to learn , and the
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instructional time they allocate to different subjects in their classrooms (Brickhouse,
1990; Horizon Research, 2003; Jones & Carter, 2007; Kang, 2007; C. A. Lee & Houseal,
2003; Morine-Dershimer & Kent, 1999; Munck, 2007; Nespore, 1987; Pajares, 1992;
Parker, 2004; Posner, et al., 1982; Schmidt & Buchman, 1983; Simmons, et al., 1999;
Tobin & Fraser, 1990; Wenner, 1993; Yerrick, Parke, & Nugent, 1997). Literature at the
elementary level documents the generality that many elementary teachers tend to have a
lack of confidence in their understanding and ability to effectively teach science content,
as well as a fear or even dislike for the discipline (Appleton, 2002, 2007; Czerniak &
Lumpe, 1996; W. Harlen, 1997; Howitt, 2007; Jones & Carter, 2007; O. Lee, 1995;
Shallcross, Spink, Stephenson, & Warwick, 2002). Transfer of professional development
into classroom practice may be enhanced if one is able to increase teachers’ self-efficacy
in inquiry-based instruction and content knowledge, if teachers believe it will positively
affect student learning (Bandura, 1977; Duran & Duran, 2005; Plourde, 2002). Similarly,
the independent PD variable of coherence, has been shown to be a significant predictor of
teachers’ implementation of PD curriculum (Garet, et al., 2001; Penuel, et al., 2007).
Coherence is typically defined as teachers’ perceived alignment of PD to: (a) local
curriculum and other PD experiences, (b) teachers’ personal PD needs, and (c) student
learning goals (Garet, et al., 2001; Penuel, et al., 2007). Given this knowledge,
professional development that hopes to be effective attempts to address teachers’ beliefs,
self-efficacy, and prior experiences by: (a) acknowledging these and requesting teachers
monitor their beliefs reflectively through journals and portfolios; (b) facilitating teacher
discourse to share their views with colleagues in a safe environment; (c) developing
teacher confidence through modeling effective strategies with hands-on practice in situ;
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(d) video-tapping ones’ lessons, then reviewing and discussing them with colleagues; and
(e) providing on-site follow-up via coaching models that may include in-school peer
collaboration and classroom observations (Akerson, et al., 2009; Asbell-Clarke & Rowe,
2007; Fishman, et al., 2003; Glasson & Lalik, 1993; W Harlen & Doubler, 2004; Howitt,
2007; Krall, Straley, Shafer, & Osborn, 2009; Varma, et al., 2008; WestEd, 2000). It
should be noted that teacher attitudes, which in part represent an outward expression of
ones’ beliefs (Munck, 2007), when measured via simple attitudinal surveys are not
always representative of more deeply held tacit beliefs (Yerrick, et al., 1997). Similarly,
attitudes are not necessarily predictors or representative of later classroom practice in
elementary science instruction (Munck, 2007; Simmons, et al., 1999; Yerrick, et al.,
1997).
Some find that isolated summer PD institutes with intermittent follow-up are not
in and of themselves sufficient to affect long-term changes in teachers’ beliefs and
pedagogical practices (Akerson, et al., 2009; Yerrick, et al., 1997). Supporting this claim
Guskey (1986) offers a unique perspective stating that teacher beliefs and attitudes do not
change as a result of being “pitched” the value of a particular method or approach, but
change after a teacher has implemented an approach in his or her classroom and observed
its effectiveness with students. Only then is the teacher “sold” on the approach and will
incorporate a positive impression of the method into his or her belief system. The old
adage, seeing is believing seems to apply, where first hand experience confirming the
success of a particular strategy, program, or technique serves as a prerequisite before a
teacher’s commitment to the strategy will become part of his or her regular classroom
practice (Briscoe & Peters, 1997; Guskey, 1986). Posited over 20 years ago, this
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approach is essentially what occurs with on-going school embedded PD that analyzes
student work and data, iteratively improving and refining pedagogical methods over time
to increase student learning. There is emerging research utilizing these reform-based
models and school-based strategies which show promising and positive results (Darby,
2008; Fishman, et al., 2003; WestEd, 2000). With the broad strokes of variables
considered for effective PD discussed that include the importance of addressing: (a)
science content and pedagogical content knowledge, (b) teacher beliefs, (c) duration and
frequency of PD, and (d) various strategies of reform-based PD, a more detailed look at
several studies will enumerate the dependent and independent measures examined within
professional development.
Dependent Measures in Professional Development
As shown in the selection of various PD studies in Table 1, dependent measures
in science education PD research typically examine treatment for changes in: (a) teacher
attitudes, beliefs, perceptions, and self-efficacy concerning science content or inquirybased pedagogical skills (b) teacher content knowledge, (c) teacher pedagogical content
knowledge or inquiry-based pedagogical skills (d) classroom practice and application of
content learned through PD, and (e) student learning or attitudes in science as a result of
the professional development. As discussed before, measuring effects of PD on student
learning, while considered by many as the “holy grail” for professional development,
present a myriad of challenges given: (a) direct measurement is difficult given the
complexity of schools and socialcultural dynamics at play (Hewson, 2007), (b) the costs
necessary to obtain data on a large scale as many teachers are needed to detect small
effects (Penuel, et al., 2007), (c) difficulty in employing rigorous experimental designs
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without proper planning and district cooperation (A.J. Wayne, Yoon, Zhu, Cronen, &
Garet, 2008) , and (d) the necessity to corroborate results longitudinally across a variety
of PD programs and providers (Borko, 2004). Several of the studies listed in Table 1 are
discussed above (WestEd, 2000), or are discussed in detail in prelim questions one and
two regarding online professional development and what is possible in online learning
(e.g., remote labs, blended PD, etc.) and as such, will not be discussed in detail here
(Asbell-Clarke & Rowe, 2007; Berger, Eylon, & Bagno, 2008; del Valle & Duffy, 2009;
W. Harlen, 2004; Krall, et al., 2009; Owston, et al., 2006; Varma, et al., 2008). In
addition to the dependent variables that look at teacher and student impact as a result of
PD, Table 1 also shows there are a wide variety of delivery models utilized in PD across
all grade levels.
Independent Measures in Professional Development
Independent measures in science education professional development vary, but in
general at the programmatic level they may include: (a) barriers to implementation of PD
(e.g., release time, administrator support, school culture, access to and type of technology
employed); (b) technology support provided; (c) type of PD activities employed (e.g.,
traditional versus reform-based, hands-on active engagement versus passive lecture-based
learning); (d) time span and duration of PD; (e) coherence of PD (e.g., perceived PD
alignment to curriculum, teacher, and student needs); (f) cost to deliver PD; and (g)
feedback on the PD model itself, evaluating design parameters such as location, structure,
delivery mode, media, support provided, and selected content (Akerson, et al., 2009;
Asbell-Clarke & Rowe, 2007; Berger, et al., 2008; Fishman, et al., 2003; Garet, et al.,
2001; W. Harlen, 2004; Krall, et al., 2009; Linn, 2006; Overbaugh & Lu, 2008; Penuel, et
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al., 2007; Penuel & Means, 2004; Varma, et al., 2008; A.J. Wayne, et al., 2008; WestEd,
2000). With respect to the independent variables regarding teacher characteristics,
researchers have looked at many variables, which include: (a) years teaching experience;
(b) certification or licensure within teaching area, or national board certification; (c)
major, minor, or graduate degree in teaching area; (d) number of college courses taken in
the field one is teaching; (e) major or minor in science as compared to general education
degree; (f) gender; (g) grade levels taught (e.g., elementary, middle high school); (h)
teacher SAT and GPA scores; and (i) quality of college or institution attended. While
some of these variables are included in larger PD studies, like gender or certification
held, and usually find no significant effects, many of these variables are part of a series of
studies which examine the factors that attempt to measure what constitutes a “highly
qualified” or “effective” teacher. Primarily generated from the education production
literature these studies use the proxy measures above to see if there is a relationship
between independent teacher characteristic variables and student achievement as
measured by state and national standardized tests (Druva & Anderson, 1983; Economic
Policy Institute, 2003; D. Goldhaber & Anthony, 2007; D. D. Goldhaber & Dominic,
2000; Monk, 1994; National Bureau of Economic Research, 2007, 2008; Rivkin,
Hanushek, & Kain, 2005; US Department of Education, et al., 2007; Andrew J. Wayne &
Youngs, 2003; Whitehurst, 2002). Not related to PD research, these studies generally find
it difficult to disaggregate proxy measures and show large significant effect sizes for any
single teacher characteristic on student achievement, but collectively, the measures
demonstrate a positive correlation with student achievement at the secondary level in the
following areas: (a) undergraduate degree and major in science, (b) number of
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undergraduate college courses in science, and (c) years experience within the first three
years of teaching (Economic Policy Institute, 2003; Whitehurst, 2002).
After a review of selected experimental and quasi-experimental studies,
Whitehurst (2002) concludes that individual teacher characteristics pale in comparison to
the main effects of school-wide reform-based PD on student achievement, which is also
corroborated by case study research (Darby, 2008; WestEd, 2000). Still other researchers
preempted Borko’s (2004) and Wayne, Yoon, Zhu, Cronen, and Garet’s (2008)
recommendations to look across large scale PD programs for common features shown to
be effective (Garet, et al., 2001; Supovitz & Turner, 2000), and even though Borko
(2004) and Wayne et al. (2008) differ in their preferred methodology, research is
beginning to emerge in response to this call (Banilower, et al., 2007; Buzhardt,
Greenwood, Abbott, & Tapia, 2006; Penuel, et al., 2007; Penuel & Means, 2004; Varma,
et al., 2008; Yoon, et al., 2008).
Collectively, these studies tend to focus on dependent variables concerning the
fidelity of the PD program being implemented (e.g., features, duration, time span,
providers, costs, and rate of implementation), and changes in teacher knowledge, selfconfidence and classroom practice. When looking at the variables analyzed in online PD,
as discussed in prelim question one, Dede et al. (2006; 2009) calls for examining a
program’s impact on student learning within the context of research that: (a) creates a
transformative and lasting change in teachers, (b) is scalable and sustainable, and (c)
employs an iterative design-based approach incorporating formative assessment as well
as summative impact. While these outcomes are similar in nature for face-to-face PD
goals, Dede (2009) and others recommend different measures to gauge learning impact,
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given what is afforded in online environments such as: (a) web logs, (b) critical discourse
analysis (Lowes, Peiyi, & Yan, 2007), (c) “click-through” footprints (del Valle & Duffy,
2009), (d) content creation capability (McLoughlin & Lee, 2008), and (e) goal level
attainment within immersive games (The Education Arcade & Massachusetts Institute of
Technology, 2009). Online professional development adds a layer of technology-enabled
complexity and transactional distance (Moore, 1993), discussed in prelim questions one
and two. These additional layers of complexity, while affording access to content, tools,
and expertise that might not be available otherwise, bring with them potential barriers and
additional overhead with respect to capacity and resources, such as: (a) technology
access, (b) on-site and off-site technical support, (c) Internet connectivity, and (d) teacher
technical acumen necessary to imbibe in the program (Blumenfeld, et al., 2000; Linn,
2006; Overbaugh & Lu, 2008). This supports why Dede (2009) suggests a design-based
research approach that explores the effectiveness of PD program design, seeking not only
to confirm what or if learning is occurring, but also, why and how it transpires, and how
it may be iteratively improved. As reflected in Table 1, dependent measures for PD
appear stable across all forms of PD, online or otherwise, regardless of grade level, but
the mechanisms for delivery and measures for evaluation vary considerably, depending
on the context and purpose for the professional development. This variance in models is
corroborated by Fishman, Marx, Best, and Tal (2003) and others (Blumenfeld, et al.,
2000), who argue that no model of PD should be advocated as the single “best” approach.
While several studies in Table 1 have already been discussed, a brief look at two
additional studies will highlight the variables and the impact of their PD approach related
to science education at the upper elementary and middle school levels.
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Exemplars: Two Professional Development Studies
Sound instructional design principles recommend using exemplars and nonexamples to facilitate learning; the same approach will be used herein to provide
contrasting case examples. The first study will highlight the components of an effective
PD design that is: (a) tied to the local school curriculum, (b) iterative over time, (c)
delivered in partnership with external expertise and teacher input, and (d) driven by
student data. This study ultimately increased the effectiveness of teacher practice and
showed significant gains in student learning directly linked to the PD provided (Fishman,
et al., 2003). The second non-example, while at first blush appears to have some of the
components of effective professional development, demonstrated less then optimal results
(Akerson, et al., 2009).
School-Based Design Driven by Student Data
Fishman et al. (2003) provide a thorough research design that makes use of
multiple data measures such as classroom observations, student assessment data, and
teacher self-report data to track the effectiveness of their professional development
evaluation study, making the causal link between PD and student learning. Fishman et al.
(2003) state they are not advocating any particular PD model, but an approach to study
the impact of PD with the goal of increasing its effectiveness and efficiency. Through a
standards-based reform model focused on inquiry-oriented science education with
embedded technology to facilitate learning, Fishman et al. (2003) demonstrate the linkage
from teachers’ learning through PD to improved student learning as the PD curriculum is
actively applied and monitored in the classroom. Shown in Figure 3, their model for
teacher learning incorporates teachers’ knowledge, beliefs, and attitudes as affected
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through the enactment of PD design elements and the curriculum, which then, based on
evidence of student performance, cycles back to affect changes in teachers’ attitudes, as
well as an improvement in teachers’ content knowledge and pedagogical skills as student
learning is increased (Fishman, et al., 2003). This approach incorporates the logic posited
by Guskey (1986), and that is successfully demonstrated in other reform-based studies
(Darby, 2008; Duran & Duran, 2005). The PD framework Fishman et al. (2003) apply
seeks to blend the four elements of content, strategies, sites, and media to improve
teacher and student learning. The Fishman et al. (2003) approach begins by answering the
simple question typically posed by instructional designers (Dick, Carey, & Carey, 2008):
What is it that we want the students to learn as a result of the professional development
(Fishman, et al., 2003)? Through a model that begins by looking at student assessment
data to guide the selection of PD needed, rich discourse with teachers diagnose reasons
for student learning challenges, which then leads to planning and later implementation of
targeted PD (Fishman, et al., 2003). In the case of this study, the targeted PD was
administered over multiple six-hour face-to-face Saturday workshops. Fishman et al.
(2003) observed classrooms and student performance as they continued to improve the
PD necessary to increase teachers’ abilities and knowledge, which then lead to a
significant increase in student learning over time. Converse to measuring impact through
distal and remote measures such as state and national standardized assessments
respectively, Fishman et al. (2003) argue these measures are too far removed to observe
the impact of local PD efforts, and instead suggest “close,” “immediate,” and “proximal”
measures such as student classroom discourse, student journals, embedded assessments,
and end of unit curriculum tests as more effective (p. 646). This PD approach
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demonstrated significant gains in student learning using student pre- and post-tests results
over successive years of a unit on watersheds and water quality for middle school
students. Fishman et al. (2003) argue because PD is contextually linked to the unique
needs of students, teachers, and the environment in which it is targeted, no one model is
more effective then another, but instead recommend PD providers focus on: (a) jobembedded PD that is designed with the input of teachers, and (b) iterative improvement
driven by student learning outcomes over time. This design approach seems to be
effective for the dependent measures of import to professional development. Contrast this
approach with another PD study that sought to increase teachers’ knowledge of inquiry,
the nature of science (NOS), and scientific modeling, which was not explicitly linked to
local curriculum or driven by improving student learning, and the results were less
substantive (Akerson, et al., 2009).
Summer Institutes with Follow-up Workshops and Classroom Support
Akerson et al. (2009) delivered a K-6 PD model for 10 active elementary teachers
as part of a university-school district partnership that involved a two-week summer
institute with two follow-up workshops during the succeeding school year. This model
also included on-site classroom support (i.e., modeling of inquiry lessons and materials
support) that was administered through graduate students and an education outreach
coordinator in the life sciences. Researchers documented a case study of four educators
and confirmed research about elementary teachers’ lack of mature knowledge concerning
NOS and inquiry-based instruction (Appleton, 2007). While positive gains were reported
in teachers’ ability to design and conduct inquiry-based lessons, initial gains in
understanding NOS and scientific modeling faded as the teachers returned to the
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classroom. The researchers posit the following recommendations to ameliorate this
effect: (a) tighter coupling between summer and follow-up workshops focusing on how
NOS and modeling play into inquiry-based lessons, (b) increase the frequency of followup workshops, and (c) decrease the cognitive load for the PD program goals that
attempted to facilitate acquisition and application of inquiry, NOS and scientific
modeling (Akerson, et al., 2009). Interestingly, a prior study by Akerson, Morrison, and
McDuffie (2006), found a similar fade effect for prospective elementary teachers after an
entire semester focused on learning about the nature of science. The Akerson et al. (2009)
study highlights two important perspectives given the literature on elementary teacher
professional development.
First, as previously discussed throughout these preliminary exam questions,
teachers’ classroom instruction is affected by their belief system and prior education
experiences, which for many elementary teachers, does not include exposure to inquiry or
constructivist-based pedagogy, such as the learning cycle (Glasson & Lalik, 1993;
Hanuscin & Lee, 2008), thus highlighting a critical area for effective elementary teacher
PD (Banilower, et al., 2007). Research from conceptual change and science education
literature (Akerson, Flick, & Lederman, 2000; Appleton, 2002; Driver, et al., 2000a;
Feiman-Nemser & Parker, 1990), how people learn research (Bransford, et al., 2000),
and findings from national teacher surveys and classroom observation studies (Horizon
Research, 2002, 2003, 2006), stress the necessity to couple science content knowledge
within its pedagogical implications to facilitate inquiry-based lessons as a crucial area of
importance in PD at the elementary and middle school grades (Duran & Duran, 2005;
Luera, 2005). This makes sense within the K-8 grade levels given there are many teachers
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who have generalist K-8 teaching certificates that provide little background in their
preservice training focused on science (Horizon Research, 2001; Luera, 2005). It may not
be an “either/or” proposition, deciding if elementary science PD should highlight content
knowledge or NOS and inquiry, but instead we might focus on facilitating learning both
science content and inquiry-based strategies in a blended approach incorporating features
such as: (a) individual teacher reflections and collaborative discourse (Bryan & Abell,
1999; Duran & Duran, 2005), and (b) knowledge of how students learn including
strategies and representations of phenomenon to facilitate students’ understanding
(Bransford, et al., 2000; Shulman, 1986, 1987). Hanuscin and Lee (2008) demonstrated
combining science content knowledge and inquiry-based pedagogy as a model for teacher
learning has yielded very positive results for prospective elementary science teachers,
which helped them to identify their own science content misconceptions and didactic
teaching styles. In essence, the model doesn’t have teachers learn physical science as
separate and distinct from learning inquiry, but in learning how to teach physical science,
teachers also learn the science content knowledge situated within the context of inquirybased practice and discussion of how students’ learn.
Secondly, the Akerson et al. (2009) model did not appear to be part of a schoolwide effort, or tied into local school-based study groups, which may partially responsible
for it lack of sustained impact. The Akerson et al. (2009) research is very similar to
another study that utilized a two-week summer institute at a university campus approach
with follow-up site visits using the same FOSS hands-on inquiry kits (Duran & Duran,
2005). In the PD model by Duran et al. (2005), they phased in their delivery of school
support and PD content over several years with more follow-up visits to an apparently
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greater impact as reported in their results for teacher self-efficacy and implementation via
a school-based reform model. Although, the duration of PD contact and frequency of
follow-up visits does not in and of itself guarantee success as Brisco and Peters (1997)
provided a three week summer institute for elementary teachers with classroom visits
twice a month for an entire semester, but found in-school peer-collaboration groups as a
critical factor for success. Also, the work of Barab, Barnett, and Squire (2002) provide an
insightful qualitative vignette of tensions that are at play with a community, which are a
necessary part of its evolution as one attempts to maintain a thriving community over
time.
For those that seek to provide follow-up PD support throughout the school year,
as expressed in the Akerson et al. (2009) study, they may be well served to consider
incorporating a higher degree of technology-enabled support tools that can assist in
facilitating on-going collaboration via networked communities of practice (Barnett, 2002;
Signer, 2008). Although, research shows even the best technological solutions and
instructionally sound designs for online communities will not necessarily guarantee a
high volume of teacher participation (S. Barab, The ILF Design Team, Makinster, Moore,
& Cunningham, 2001; Schlager & Fusco, 2003). Those that build on the local contextual
needs of the schools and teachers they are serving may achieve better results (Schlager &
Fusco, 2003). Alternatively, there is also research confirming the value certain teachers
find in emoting issues and problems in large national communities of practice, where
anonymity readily permits them to seek advice or encouragement from others outside the
local community (Hur & Brush, 2009). It would seem that a dynamic repertoire of online
and face-to-face PD strategies and methods be available for enactment based on the local
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improvement goals of schools, as well as the individual needs and preferences of teachers
(National Research Council, 2007).
A Different View of Effective Professional Development
A different tact to take in determining attributes of effective PD may be to look at
what constitutes effective science instruction and use this as a guide to determine if the
PD being delivered is successfully assisting teachers to increase their practice in this
direction. In a recent review of the research literature, Banilower, Cohen, Pasley, and
Weiss (2008) generated a commissioned report looking specifically at defining effective
science instruction. Building off the knowledge of conceptual change literature, how
student learn, and the importance of inquiry-based instruction they recommend effective
science instruction has the following components: (a) motivates students, (b) elicits
students’ prior knowledge, (c) engages students in intellectually relevant questions, (d)
encourages students’ use of evidence to critique claims, and (e) facilitates students
making sense of their new knowledge (RMC Research Corporation & Center on
Instruction, 2008). To motivate students the RMC report (2008) posits engaging students
using a “hook,” such as an authentic problem or question derived from the real world and
students’ interests, or possibly a discrepant event, to spur students’ intrinsic desire to
learn through their natural curiosity and cognitive dissonance (Driver, et al., 2000a,
2000b; Glasson & Lalik, 1993). Eliciting students’ prior knowledge draws on the
collective research of how students learn (Bransford, et al., 2000), which suggest that
deeper, active, and long term conceptual understanding occurs when knowledge is built
upon students’ prior experiences, allowing them to formulate new ideas through
addressing relevant intellectual questions. Through questioning, inquiry, and formative
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assessments, teachers’ help make students’ thinking visible and encourage use of
evidence to support student conceptual understanding (RMC Research Corporation &
Center on Instruction, 2008). In essence, it is the role of the teacher to structure a learning
environment where students may engage in these types of learning experiences as
situated within a specific science domain and its respective conceptual framework. To the
degree that professional development (online or otherwise) is able to facilitate elementary
teachers’ ability to design, deliver and assess instruction in this way, it is marching
toward what the research defines as effective instruction to improve student learning as
espoused in the national science education reform standards (American Association for
the Advancement of Science, 1993; National Research Council, 1996).
The question then concerning what information is needed to determine the
effectiveness of professional development from a review of the research would appear to
focus on the following:
1. The total duration or contact hours of PD should be of a sufficient
magnitude (49-80 hours).
2. The frequency of PD contact should be over a specific duration, on-going
over the course of a school year, avoiding “single-shot” exposures.
3. The degree to which PD incorporates active or reform-based strategies
that include components such as: (a) school-based study groups, (b)
coaching or mentoring, (c) curriculum integration, (d) inquiry action
research, (e) individually guided activities, and (f) immersion field
experiences with scientists. The strategies are not meant to be a check list
to enact within a school, but through appropriate review of student
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learning artifacts, assessment data, etc., be selected as part of a
comprehensive school-wide improvement plan that is periodically
reviewed, updated, and adjusted in light of student improvement through
targeted PD enacted through the strategies above.
4. The degree to which PD is part of a cohesive set of experiences, that may
include traditional PD opportunities (e.g., workshops, conferences,
seminars, institutes), as long as they fit within a teachers’ long term PD
growth plan and have follow-up that transform the experience to one of
active engagement, reflection and application in the classroom (Garet, et
al., 2001; National Staff Development Council, 2008).
5. The degree to which the PD addresses teachers’ existing belief system
facilitating: (a) the importance of science literacy, (b) increased selfefficacy in teaching science (content and pedagogical knowledge), and (c)
an informed perspective and understanding of the nature of science.
6. The degree to which the PD addresses specific science content
knowledge, and the pedagogical implications of that knowledge to
facilitate student learning (e.g., understanding of how students learn,
ability to design and implement inquiry-based learning strategies,
knowledge of common difficulties students may encounter in learning
certain science concepts, command of a repertoire of analogies and
representations to help illustrate certain science topics, and knowledge of
formative and summative assessments and questioning strategies).
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7. The degree to which the appropriate support structures are enacted that
permit the professional development to stand a chance of making its
desired impact on student learning (e.g., administrator and policy support,
physical access to materials and technology, technical support for teacher
use and classroom implementation, school structure to facilitate study
groups or professional learning communities, and release time for within
and across grade planning).
8. For online professional development, information to be collected might
include: (a) type of PD model and strategies employed, blended or
otherwise; (b) type of media used or combination thereof; (c) existence of
teacher familiarization or acclimation to online PD components; (d)
delivery mode(s) used; (e) online moderator expertise; and (f) teacher
perception, participation, and utilization in various online components or
tools. The program technical design should also be evaluated in light of a
theoretical framework and established research questions to guide the
improvement of online PD model development.
9. When looking across the PD landscape, a mixed method approach of large
scale cases might capture information such as: (a) the overall size,
dispersion, and number of deployments; (b) variations in implementation
fidelity; (c) variations in PD providers’ expertise; (d) variations in local
context; and (e) variations in cost of delivery, all of which should seek to
inform overall effectiveness and efficiency of PD programs across
multiple state and district implementations.

Al Byers Preliminary Exam

28

10. Lastly, coupled with all this information, PD should move beyond simple
documentation of “inputs” and incorporate Guskey’s (2003) five levels of
evaluation: (a) teachers’ reactions, (b) teachers’ learning, (c)
organizational support and change, (d) teachers’ transfer of knowledge and
skills to the classroom, and (e) student learning outcomes.
The list of information available to determine the effectiveness of professional
development is obviously extensive, and presents no small effort for those that seek to
evaluate PD across the many facets of inputs, outputs, and outcomes available. Large
scale mixed method longitudinal studies that “drill deep” using a reform-based PD
perspective appear to be where the consensus is heading for what constitutes effective PD
and how it should be evaluated. Unfortunately, challenges in coordinating cohesive
research across the areas of online PD litter the current landscape (Dede, 2006; Dede, et
al., 2009), and funding for evaluation in areas like teacher preparation appear in short
supply (Sherwood & Hanson, 2008). Given what at first glance appears a hopeless
crusade should only serve to increase our resolve.
In looking across these studies a pattern emerges that would seem to provide a
potential model for scalable professional development that would be sustainable,
personalized, and in accord with the existing infrastructure and sociocultural norms
already in wide-spread use across the United States. While many have discussed the
global reach and promise of distance education, statistics show that learner preferences
for 3.9 million online users in the United States tend to be regionally based, with 85% of
learners taking courses from institutions that are within 50 miles of their physical
location, or within an adjacent state (The Sloan Consortium, 2008). Couple this
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preference with the potential efficiencies afforded by brokering differentiated PD through
a national portal (Anderson & Olsen, 2006), and what might be a worthwhile approach is
a national repository of vetted PD opportunities and resources (both face-to-face and
online) that are nationally deployed, but contextualized for local and personal
consumption. Institutions of higher education might serve as regional base camps
providing the physical tether or lifeline for teachers as they ascend upward on their selfguided and collaborative school-based journey of learning. This regional online approach
is not necessarily new, as consortia such as the Western Governors University (WGU)
(2009) and the Southern Regional Education Board (SREB) (2009) have provided online
offerings for years, but are not currently structured to support the local university reform
partnership model whereby:
1. A physical institution is within 50 miles of every teacher.
2. A physical human presence is available on the ground working with every
school district.
3. A blended PD approach for learning tightly couples online resources and
opportunities to local curricula and student learning.
It would seem that a state-based university network with an agreed upon suite of
localized, but common offerings and on-demand modules, accepted between institutions
within a state may provide efficiencies in development costs, quality, and standardization,
while also permitting flexibility and geographical proximity via the blended PD delivery
model (see prelim question 2 for a discussion of blended learning). Universities would
form long term relationships with individual school systems within their region. Then
working with full time in-school teacher leaders and administrators, as well as with
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school-wide teams who monitor incremental improvement, we might facilitate durable
and significant student learning one classroom and one teacher at a time (Darby, 2008;
Elmore, 2004; Fishman, et al., 2003; Fullan, 2007; Hawley & Valli, 1999; WestEd,
2000).
To answer the question, is effectiveness a useful measure to study online PD in
science education, I would say yes, but that it depends. It depends on the commitment of
administrators, funding, community support, and teacher stakeholder buy-in, as well as
the host of other components and resources that determine the potential success of any
professional development experience. The structure of the school is a complex one with
numerous and diverse ecosystems operating within it (Hewson, 2007). Teacher turnover,
school migration, and teaching out of field issues only serve to exacerbate long term
school-based reform efforts (Ingersoll, 1999). This said, enculturating PD as part of an
on-going professional pursuit of school-wide improvement would seem to instantiate the
importance of PD beyond the migration pattern of any individual teacher, and facilitate
school cohesion of PD efforts over time. School-based reform PD might also create a
structure that transitory teachers may plug-into upon entering a new school.
In closing, PD effectiveness is a relative term that needs to be defined for each
local context and school in which an on-going PD effort is in process and needs to be
articulated in cooperation with the teachers working within the school where the reform
is occurring (Elmore, 2004; Fishman, et al., 2003; WestEd, 2000). To say we should not
attempt to measure the effectiveness our of PD efforts because it is an arduous task is
misguided and ill-informed. The primary goal of all PD in science education is to
improve student learning by way of empowering teachers to be more effective in their
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classrooms. Given the future prosperity of our own sons and daughters chance for success
and personal independence is what is at stake, failing to measure the effectiveness of our
PD efforts, however challenging, is unconscionable. We just need to be cognizant of the
realities we face and realize that teacher and student improvement is a slow, expensive,
and complex process, and not one that will be solved by any single PD experience (online
or otherwise). Online teacher PD is but one critical piece of the PD landscape which may
provide efficiencies of scale and scope, granting access to resources, tools, colleagues,
opportunities, and expertise that might not otherwise be available. As such, its
affordances should be appropriately assessed and blended within the local face-to-face
needs in which it is employed.
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Figure Captions

Figure 1. LSC theory of action. Depicted in Banilower, E.R., Heck, D. J., & Weiss, I.R.
(2007). Can professional development make the vision of the standards a reality? The
impact of the national science foundation's local systemic change through teacher
enhancement initiative. Journal of Research in Science Teaching, 44(3), 375-395.
Figure 2. Logic model of the impact of professional development on student
achievement. Depicted in Garet, M., Porter, A., Desimone, L., Birman, B., & Yoon, K.
(2001). What makes professional development effective? Results from a national sample
of teachers. American Educational Research Journal, 38(4), 915-945.
Figure 3. Model of Teacher Learning. Depicted in Fishman, B. J., Marx, R. W., Best, S.,
& Tal, R. T. (2003). Linking teacher and student learning to improve professional
development in systemic reform. Teaching and Teacher Education, 19(6), 643-658.doi:
10.1016/S0742-051X(03)00059-3
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Table 1
Professional Development Research Study Comparison
One Independent Variable:
PD Delivery Model

Research Study

Example PD Program Models

Example Dependent Variables

Target Audience/ Content Area

Teacher
Teacher
Beliefs,
Content
Attitudes,
Knowledge
Confidence

Teacher
PCK*

Classroom
Integration
Student
Learning

•

•

•

•

Face-to-Face PD Approaches
Akerson et al. (2009)

Summer institutes, on-site follow-up

elementary science inquiry and NOS*

•

Duran et al. (2005)

Summer institutes, on-site follow-up

elementary science content and inquiry

•

school-based, weekend
workshops, curriculum reform

middle school science and inquiry

•

•

•

•

•

•

Fishman et al. (2003)
Varma et al. (2008)

school-based, mentor, curric. reform middle and high school science and inquiry

•

Weinburgh et al. (2008)

Summer institute, on-site coaching

elementary school science and pedagogy

•

•

•

•

WestEd (2000)

school-based, professional learning
communities, curriculum reform

primarily elementary schools,
school-based PD driven by student data

•

•

•

•

Online PD Approaches
Asbell et al. (2007)

online short courses

middle and high school science content

•

•

•

Harlen et al. (2004)

online short courses

elementary and middle science and inquiry

•

•

•

self-paced on-demand,
mentor, hands-on kits

elementary and middle science and inquiry

•

•

•

•

•

•

•

•

•

•

Krall et al. (2009)

Blended PD Approaches
Penuel et al. (2007)

Comparison across 28 PD providers,
various models of delivery & support

K-12 science support curriculum
integration using technology

•

Berger et al. (2008)

9 once-a-month sessions on-site
with simultaneous online discourse

high school science, physics

•

Owston et al. (2006)

4 sessions on-site in-between 3
8-week sessions online

middle school science (and math)

•

NOTE: PCK* is acronym for pedagogical content knowledge and NOS* is acronym for nature of science

•
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