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Abstract Professional development in science education aims to support teacher
learning with the ultimate goal of improving student achievement. A multitude of
factors influence teacher change and the effectiveness of professional development.
This review of the literature explores these factors and identifies school and district
science leaders as a critical factor missing from current professional development
models. School and district leaders play a significant role in the planning and
implementation of professional development, as well as providing ongoing leadership to support teacher change. Considering this role, school district leaders are
not just a contextual factor, but rather an integral part of the process and should be
integrated into and considered part of any professional development model in science education.
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Introduction
Professional development aims to improve teacher learning and practices, and
ultimately students’ learning, specifically in science (Fishman, Marx, Best, & Tal,
2003; Loucks-Horsley, Stiles, Mundry, Love, & Hewson, 2010). Professional
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development in the USA is estimated to cost $1 billion–$4 billion per year (Wilson,
2013). Science teachers in the USA have access to a multitude of professional
development opportunities including mentoring, national, state, and local conferences, content-specific courses, summer institutes, school-based opportunities
provided by schools or districts, research experiences, and coaching (Pianta,
2011; Wilson, 2013). While teachers believe professional development can help
them become more effective teachers and benefit their students (Luft & Hewson,
2014; Whitehurst, 2002), not all professional development results in teacher change,
and very few link to student outcomes (Yoon, Duncan, Lee, Scarloss, & Shapley,
2007). Given the amount of resources being spent on professional development, it is
critical to understand what factors contribute to teacher change and increases in
student achievement in science education.
To illustrate a conceptual framework for studying the effects of professional
development on teachers and students, Desimone (2009) suggests that effective
professional development can result in teacher learning and changes in attitudes and
beliefs, subsequently changing teacher practices. Ideally, change in practice leads to
increased student achievement. Desimone’s (2009) model sets this path within a
context of teacher and student characteristics, curriculum, school leadership, and
policy environment (Fig. 1).
Many studies exist on professional development and teacher change,
documented by extensive reviews (Borko, 2004; Desimone, 2009). Several
meta-analyses and syntheses of the research suggest a relationship between
professional development and teacher change, and between teachers and student
achievement (Darling-Hammond, 1999; Guskey & Sparks, 1996; Hattie, 2008;
Stronge, 2010; Wallace, 2009; Yoon et al., 2007). However, relatively few
studies connect the role of leaders who plan and implement professional
development to teacher change (Borko, 2004; Little & Wong, 2007; Luft &
Hewson, 2014; Stein, Smith, & Silver, 1999). The present work utilizes
Desimone’s (2009) model as a framework for reviewing literature on the
characteristics of effective professional development and links to teacher change,
as well as professional development and student achievement. We then review
the literature on the factors influencing teacher change and identify school and
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Fig. 1 Model for studying the effects of professional development on science teachers and students
(modified from Desimone, 2009)
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district leaders as a critical component in science education rather than a
contextual factor of professional development.
Characteristics of Effective Professional Development and Teacher Change
For the purposes of this review, we define teacher change as change in teacher
beliefs, understandings, and/or practices. Researchers generally agree that professional development should include active learning, a strong content focus, be
coherent and of a significant duration, and involve collective participation (Birman,
Desimone, Porter, & Garet, 2000; Desimone, 2009; Garet, Porter, Desimone,
Birman, & Yoon, 2001; Luft & Hewson, 2014). These general characteristics are
some of the design elements and conditions of professional development that are
most successful in promoting teacher change and/or affecting student achievement
across subjects (Borko, 2004; Garet et al., 2001; Knapp, 2003).
To support teacher growth, teachers should be actively engaged in their own
learning (Desimone, 2009; Guskey, 1997, 1999; Sparks, 1994, 1995) and reflect
upon their own understanding and practice (Heller, Daehler, Wong, Shinohara, &
Miratrix, 2012). Professional development can support active learning in a variety
of ways, including: observing other teachers, practicing what has been learned and
receiving feedback, reviewing and analyzing student work, leading and participating
in discussions, applying their new knowledge to lesson plans, or participating in
activities as students (Birman et al., 2000). Professional development programs that
incorporate active learning strategies such as practice teaching, planning, presenting, and reviewing student work can contribute to teacher learning (Garet et al.,
2001; Heller et al., 2012).
The content knowledge of teachers plays a vital role in both the quality of
instruction and student performance (e.g., Darling-Hammond, 1999; Shulman,
1986). Professional development characterized by a content focus not only leads to
increased teacher knowledge but also can lead to changes in teacher practices
(Birman et al., 2000; Desimone, 2009; Desimone, Porter, Garet, Yoon, & Birman,
2002; Garet et al., 2001; Kennedy, 1999). Furthermore, professional development
lacking a strong content component has been found to be ineffective in changing
teacher practices (Cohen & Hill, 2000; Kennedy, 1998).
Coherence refers to how professional development can be integrated into a
program of teacher learning (Birman et al., 2000). Professional development should
be well aligned with the national, state, district, and school policies and standards
(Desimone, 2009; Garet et al., 2001). Professional development activities should
help teachers plan to implement changes in their classrooms (Ottoson, 1997) and
help teachers identify and strategize about barriers they will encounter once back in
their schools (Ottoson, 1997) through mentoring and coaching (Luft et al., 2011).
Mentoring and coaching also supports teachers as they try to implement new
practices from professional development programs (Grierson & Woloshyn, 2013;
Luft et al., 2011; Smith & Ingersoll, 2004). Specifically, providing teachers with
individualized feedback, tailored to their needs and classrooms, can support teachers
to make substantial changes to their existing practices (Grierson & Woloshyn,
2013).
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Duration concerns the number of hours of professional development and the
amount of time over which it occurs (Desimone, 2009). Longer professional
development spread out over time, like a full year or semester, tends to be
characterized by more active learning, content focus, and coherence than shorter
activities (Birman et al., 2000). Short, single workshops common to teacher
professional development days have little follow-up and have little effect on teacher
growth or understanding (Loucks-Horsley & Matsumoto, 1999; Pianta, 2011;
Spillane, 2002). Research demonstrates that professional development of a longer
duration is more effective in changing teacher practices (Banilower, Heck, & Weiss,
2007; Boyle, Lamprianou, & Boyle, 2005; Cohen & Hill, 2000; Gerard, Varma,
Corliss, & Linn, 2011).
Collective participation occurs when teachers from the same school, department,
subject, or grade attend professional development together (Desimone, 2009). When
teachers from similar areas attend professional development together, it is more
effective (Porter, Garet, Desimone, Yoon, & Birman, 2000) and enables conversations and discussions that increase teacher change (Birman et al., 2000; Borko,
2004; Loucks-Horsley & Matsumoto, 1999). Other positive aspects of collective
participation are the ability of teachers to discuss curricular changes as a group and
to work toward developing their own professional learning community (Birman
et al., 2000).
Characteristics of Effective Professional Development in Science
The National Science Education Standards (NSES; National Research Council
[NRC], 1996) put forth guidelines for effective professional development specific to
science. Some of the guidelines align with general characteristics, such as coherence
and emphasis on content knowledge (NRC, 1996). However, some of the standards
are unique to the practice of science teaching. For example, the NSES calls for
professional development to help teachers develop content knowledge through
inquiry-based methods and perspectives. Professional development should get
teachers actively involved in investigating phenomena, interpreting results, and
sense-making practices (e.g., Jeanpierre, Oberhauser, & Freeman, 2005; Luft,
2001).
Effective professional development in science should not only help teachers
develop content knowledge, but also help teachers integrate their knowledge of
science, learning, pedagogy, and students and apply that to their practice (NSES,
1996). Thus, professional development programs in science education should help
teachers develop and apply pedagogical content knowledge (e.g., Fishman, Marx,
Best, & Tal, 2003).
Guidelines for professional development in science also emphasize helping
teachers become lifelong learners (NRC, 1996). Building from characteristics of
active learning and duration, standards for science professional development include
providing frequent opportunities for feedback, examination, and reflection upon
practice (e.g., Roth et al., 2011).
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Linking Professional Development to Student Achievement
Teachers are considered the most important factor in student achievement (Carey,
2004; Haycock, 1998; Sanders & Rivers, 1996); therefore, effective professional
development should result in increased student achievement (Guskey, 1986, 2002;
Loucks-Horsley & Matsumoto, 1999). Although much research investigates the
impact of professional development on teacher change, less research exists that
explicitly links professional development to student outcomes (Desimone, 2009;
Kennedy, 1998). Existing literature indicates that when characteristics of effective
professional development are present, student achievement can be improved
(Buczynski & Hansen, 2010; Desimone, 2009; Johnson, Kahle, & Fargo, 2007;
Wallace, 2009; Yoon et al., 2007).
For example, in a systematic review, Yoon et al. (2007) identified 1,300 studies
as having the potential to address the effectiveness of teachers’ in-service
professional development on student achievement in science, reading, and
mathematics. Only nine studies met the standards for ‘‘evidence without reservation’’ in the What Works Clearinghouse standards, and all focused on elementary
teachers. Results revealed that intense, sustained professional development was
directly related to student achievement across subjects. Findings also highlight the
lack of rigorous studies examining the relationship between teacher change and
student outcomes, particularly at the secondary level.
Wallace (2009) examined the effect of professional development on teacher
practices and student achievement in mathematics and reading. Results indicated
that professional development had moderate effects on teacher practice and small,
but sometimes significant effects on student achievement. Wallace (2009)
concluded that despite differences in samples, academic subjects, and types of
assessment, the effects of professional development on teacher practice and student
achievement were similar and consistent across analyses of six large state and
national databases.
Effective professional development once implemented in the classroom may also
narrow the achievement gap (Johnson et al., 2007; Lee, Deaktor, Enders, &
Lambert, 2008). For example, Lee et al. (2008) examined the impact of a 3-year
professional development program on science achievement of culturally and
linguistically diverse elementary students. Results demonstrated significant
increases each year on all measures of student achievement. The consistent positive
results indicated professional development increased student achievement, especially for low-achieving, low socioeconomic status, and ELL students.
Despite the positive effects seen in these studies, professional development may
not always result in student learning (Duffy et al., 1986; Saxe, Gearhart, & Nasir,
2001). Teachers may need time to transfer what they learn in professional
development into practice. For example, Johnson et al. (2007) investigated the
relationship between characteristics of professional development and student
achievement in science with a 3-year longitudinal study. Analysis showed a
significant relationship between student achievement in science and teacher
participation in whole-school, sustained, collaborative professional development.
Interestingly, positive effects were found in years two and three, but not in year one.
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Results suggest the delay may be due in part to the amount of time it took for
teachers to integrate what they learned into their practice.

Factors Influencing Teacher Change
Teachers come to professional development opportunities with different backgrounds, confidence, and motivation. The schools and districts they work within
have different policies, approaches, and visions. The size, resources, working
conditions, and leadership styles of administrators are also unique. This section
concentrates on contextual professional development factors as defined by
Desimone (2009) and whether or not they influence teacher change and ultimately
increase student achievement.
Teacher experience (years in the classroom) is a critical factor to consider in
professional development and teacher change (Smith, Hofer, Gillespie, Solomon, &
Rowe, 2003). Teachers who are in the beginning of their career or who have lower
levels of formal education participate in more professional development than their
counterparts (Livneh & Livneh, 1999). For example, Luft (2001) compared the
beliefs and practices of beginning and experienced science teachers after
participation in an inquiry-based professional development. Results indicated that
the beginning teacher group changed their beliefs more than their practices and the
experienced teacher group changed their practices more than their beliefs (Luft,
2001). Similarly, teacher experience can impact the type of professional development teachers choose to attend. For example, beginning teachers tend to choose
professional development focused on classroom management and new pedagogy,
while experienced teachers tend to seek professional development to advance
content and pedagogical knowledge (Lewis et al., 1999). Thus, professional
development may need to tailor activities to the various levels of teacher experience
(Smith & Ingersoll, 2004).
Teachers may have a variety of motivations for attending professional
development including: salary increase, licensure reaccreditation, career mobility,
and gaining new skills or knowledge (Stout, 1996). In one survey study of K-12
educators, two motivational factors, high internal motivation to learn (gaining new
skills or knowledge) and high external motivation to learn (career mobility,
licensure reaccreditation), predicted teachers’ participation in professional development (Livneh & Livneh, 1999). Additionally, teachers who exhibit a strong
motivation to attend professional development are more likely to change following
participation (Smith et al., 2003).
Another contextual factor related to teacher change is self-efficacy. Self-efficacy
is defined as ‘‘beliefs in one’s capabilities to organize and execute the courses of
action required to manage prospective situations’’ (Bandura, 1995, p. 2). Selfefficacy is related to the individual factors of teachers, including whether a teacher
is beginning or more experienced (Ross, 1994). More experienced teachers tend to
have more stable self-efficacy, while beginning teachers are still developing their
self-efficacy (Ross, 1994). Teachers with stronger self-efficacy are more likely to
change their practices as a result of attending professional development, regardless
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of experience (Guskey, 1988; Smylie, 1988). Higher levels of teacher self-efficacy
have also been related to high levels of student achievement (Goddard, Hoy, & Hoy,
2000; Tschannen-Moran, Hoy, & Hoy, 1998). Teachers can increase their selfefficacy by implementing new practices (Stein & Wang, 1988), and self-efficacy
may increase more when teachers see these new practices work (Ross, 1998).
Professional development of sufficient duration can also help teachers with low selfefficacy to increase their self-efficacy (Roberts, Henson, Tharp, & Moreno, 2000).
For example, researchers found that professional development to help science
teachers develop content knowledge led to increased self-efficacy and increased use
of inquiry-based instruction in the classroom (Lakshmanan, Heath, Perlmutter, &
Elder, 2011).
School culture also influences teacher retention and classroom practices
(Bianchini & Cavazos, 2007; McGinnis, Parker, & Graeber, 2004). For example,
in an interpretive case study of eight teachers, school culture was found to be a key
factor in influencing whether or not beginning mathematics and science teachers
grew professionally and continued in the profession (McGinnis et al., 2004). In
schools where there is a school culture of collegiality, the effectiveness of
professional development in changing mathematics and science teacher practices
increases (Bianchini & Cavazos, 2007; McGinnis et al., 2004). This collegiality
creates an environment where professional communities can develop and teachers
are able to learn and work together as they apply changes to their practices
(Grossman, Wineburg, & Woolworth, 2000). Furthermore, the more collaboration
there is within a school, the more teachers are committed to teaching, which may
result in teachers being more open to new practices and knowledge (Rosenholtz,
1986).
Working conditions, like full time versus part time, salary, and benefit levels, can
have an effect on teacher turnover (Ingersoll, 2001). Teachers who are ‘‘dissatisfied’’ or who have low salaries, little support from administration, issues with
student behavior, or have little input into decision making are more likely to leave
teaching or move to different schools (Fullan, 2007). Amount of prep time, benefits,
and school situation can also limit the amount and permanence of teacher change
(Smith et al., 2003).

Ongoing Leadership for Teacher Change
Beyond the contextual factors of teacher experience, motivation, self-efficacy,
school culture, and working conditions, district leadership plays a significant role in
teacher change (Leithwood, Seashore-Louis, Anderson, & Wahlstrom, 2004; Marsh,
2002). District leadership encompasses the roles of staff developers, subject-area
supervisors, district coordinators, mentor teachers, school-board members, directors,
and community members, but is most often focused on the role of the
superintendent (Murphy & Hallinger, 1988; Petersen, 1999; Waters & Marzano,
2007). Ogawa and Bossert (1995) assert educational leadership is characteristic of
the organization as a whole and that everyone in these roles helps shape the
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leadership a district provides. District leaders set the direction for reform efforts and
professional development (Leithwood et al., 2004; Marsh, 2002).
School leadership plays a critical role in improving science teachers’ instruction
through professional development and other administrative practices (Banilower
et al., 2007; Corcoran, Fuhrman, & Belcher, 2001). School leadership has been
shown to have a significant impact on student achievement (Marzano, Waters, &
McNulty, 2005). Research suggests that school and district leadership may be
second only to the teaching occurring in the classroom as having the most impact on
student achievement (Leithwood et al., 2004). Leadership can prepare teachers for
change by creating environments that allow for natural change in teachers when
they see if and how new practices help students (Sparks, 1995). Likewise, schools
without effective leadership or with a high principal turnover rate can result in a
negative effect on teacher programs (Bollough, Kauchak, Crow, Hobbs, & Stoke,
1997).
The school district is a major provider of teachers’ professional development
(Spillane, 2002). According to Pianta (2011), districts spend thousands of dollars
per teacher per year on professional development. Unfortunately, district-offered
professional development often does not incorporate characteristics of effective
professional development and is typically delivered in the form of short in-service
workshops with little or no follow-up (Loucks-Horsley & Matsumoto, 1999; Pianta,
2011; Spillane, 2002). These ‘‘one shot’’ workshops often lack coherence (Spillane,
2002), and instead of being content focused, they address administrative,
management, or discipline issues and, as a result, are often ineffective (Desimone,
Smith, & Phillips, 2007; Pianta, 2011).
Conversely, districts can have a strong influence on teaching and learning
through high-quality professional development (Desimone et al., 2002; Firestone,
Mangin, Martinez, & Plovsky, 2005). Alignment of professional development with
standards, development of continuous improvement efforts, and teacher involvement in the planning of professional development are successful effective
professional development practices for districts (Desimone et al., 2002). Additionally, action-based research of three districts’ implementation of professional
development indicated coherent, content-focused professional development planned
by the district can have a positive effect on teaching and learning (Firestone et al.,
2005).
District leaders not only support teachers’ instructional practices, they also have a
role in supporting student achievement. For example, Murphy and Hallinger (1988)
studied the district leadership of 12 high-performing school districts in California.
The authors found that successful districts in terms of student performance on
standardized tests had leaders that made decisions based on systematic analysis and
application of data, superintendents who were actively involved in the development
and implementation of curricular reforms, and structured district control with school
autonomy. In an extensive meta-analysis of 30 years of research, Marzano et al.
(2005) explored the relationship between district leadership and student achievement and found an average correlation of .25 from 69 empirical studies between
general leadership and student achievement. Effective leadership characteristics that
directly correlated with student achievement included: monitoring and evaluating
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school curriculum, instruction, and assessment practices; creating a collaborative
culture; working from a well-defined set of ideals and beliefs; maintaining
knowledge of and involved with the curriculum, instruction, and assessment; and
forming concrete goals (Marzano et al., 2005).
Taken together, these studies describe the characteristics of effective district
leadership and indicate key practices of effective leadership that include focusing on
learning, building professional communities, acting strategically and sharing
leadership, and creating coherence (Copland & Knapp, 2006). While there is
extensive research in the area of effective district leadership, all studies agree there
is not a ‘‘recipe’’ or one set of tasks a leader should follow to be effective (e.g.,
Murphy & Hallinger, 1988). However, it is clear effective leadership includes
collaboration and working together to support teacher instruction and student
learning (Leithwood et al., 2004). Furthermore, research indicates student learning
suffers when central office administrators do not provide needed support for
teachers (Honig & Copland, 2008).

Implications
Based on the research reviewed, there is support for and value in Desimone’s (2009)
model (Fig. 1). However, the leadership within the school and district plays a more
prominent role than merely a contextual factor as school districts are the primary
providers of professional development and ongoing support for teacher learning,
which can ultimately affect student achievement (Birman et al., 2007; Leithwood
et al., 2004; Pianta, 2011; Spillane, 2002). Thus, school and district leadership
should be emphasized more in the model than originally proposed by Desimone
(2009). Based upon this evidence, school and district leaders should be considered
at the start of the path toward student achievement rather than as part of the context
(Fig. 2).
While schools and districts are not the only facilitators of professional
development for teachers, they are the main provider (Birman et al., 2007; Pianta,
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Fig. 2 Proposed model for investigating the links between professional development and student
achievement
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2011; Spillane, 2002). Therefore, it is critical to understand school and district
leaders’ views of professional development, their practices, and the factors that
influence school and district leadership in choosing and designing professional
development. Understanding these factors can provide insight into what types of
professional development districts choose for teachers to experience. Furthermore,
understanding how district leaders choose and implement professional development
(either formal or ongoing) may also illuminate areas in which school and district
leaders need professional development themselves. School and district leaders who
benefit from consistent professional development themselves may be more
proactive in facilitating effective professional development for their district.
Subject-Area Coordinators
The review of the literature also reveals a gap in the research around the role of
subject-area coordinators. Subject-area leaders, such as district science coordinators,
are individuals who are intimately involved in the administration and execution of
leadership activities associated with curriculum and instruction (Spillane, Camburn, &
Stitziel, 2007). Science coordinators are often part of district administration and are
involved in the decisions that affect the instructional practices of teachers, such as
administering district-wide professional development or providing day-to-day support
for teachers in their subjects. However, there is very little research on this population
(Honig, 2006), despite their central role in the implementation and crafting of reforms
in schools (Honig & Hatch, 2004).
For example, a few studies have investigated the role of science coordinators
(Aoki, 2003; Lee, Leary, Sellers, & Recker, 2014; Perrine, 1984; Roden, 2003).
Research suggests that science coordinators have an influence over how teachers
choose and use instructional resources (Knapp & Plecki, 2001). Furthermore,
research suggests the experience and expertise of science coordinators may be a
crucial factor in the support of first-year teachers in the classroom (Roden, 2003).
However, research also suggests that teachers and administrators have varying
opinions about the role and duties of science coordinators (Madrazo & Hounshell,
1987; Madrazo & Motz, 1982) and actual practices of science coordinators vary
widely from district to district (Lee et al., 2014). Thus, more research is needed to
explore the role of subject-area coordinators and how these leaders can effectively
provide support for teacher change (e.g., President’s Council of Advisors on Science
and Technology [PCAST], 2010; Perrine, 1984) as well as how professional
development can be designed to include science coordinators.
Implications for Designing Professional Development
Based on this literature review, effective professional development programs
should include and provide tailored support for district leadership. Many
professional development programs can be decontextualized and conducted outside
of schools for implementation in schools (Putnam & Borko, 2000). Without
explicit involvement and support from leadership, teachers can be left on their own
to enact and maintain any changes in practice. Involving school leaders in science
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education professional development efforts can support teacher change by helping
teachers develop professional communities, connecting teachers with resources,
and encouraging and supporting changes in practice (Halverson, Feinstein, &
Meshoulam, 2011). Involving leadership in professional development can also help
leaders understand the value of the program, the resources needed for teachers to
enact the change in practice, and thus give leaders opportunities to plan and reflect
upon how to support the intended changes in their particular contexts (Spillane,
Halverson, & Diamond, 2001). Unfortunately, very few examples exist of
professional development programs in science that explicitly involve leaders. We
draw upon the Technology-Enhanced Learning in Science (TELS) Center, the
Collaborating and Networking Learning Environment and Database (CANLEAD)
project, and the Virginia Initiative for Science Teaching and Achievement
(VISTA) projects as examples of how leadership can be integrated into
professional development efforts.
The TELS project provided principals with specifically designed professional
development as a part of a computer-based inquiry science professional development program that included fifteen school districts in five states (Gerard, Bowyer, &
Linn, 2008). Principals from the participating schools engaged in a tailored
workshop that included hands-on experience with the inquiry curricula, analysis of
student data from the units, discussions with teachers and other principles, and
reflection on leadership and successful implementation of the inquiry-oriented
curricula. Principals reported that understanding the curricula and content of the
program helped them recognize how to best support their teachers at their schools
and enhance their leadership ability (Gerard et al., 2008).
The CANLEAD project provides an example of how professional development
can be designed to help leaders support teachers in school-specific contexts (Dexter,
2014). CANLEAD focuses on supporting technology-enhanced instruction in
mathematics and science by providing professional development to school
leadership teams consisting of principals, district technology and/or subject
coordinators, and mathematics and science department chairs. The professional
development program focuses on discussing leadership best practices, technologies
with specific affordances for mathematics and science instruction, and ways to
utilize technologies to promote teacher learning. During the initial summer institute,
individual school leadership teams collaboratively decide on which resources to
implement and use with their science and mathematics teachers and begin planning
to support integrating the recommended technologies in their schools. The project
team also provides monthly and as-needed assistance to the leaders throughout the
school year. Results suggest that the participation of school leaders improved
communication between school leaders and teachers and helped align organizational
and teacher learning goals (Jones, 2014).
The VISTA project aims to build an infrastructure to support sustained, intensive
science teacher professional development to increase student performance (Bell,
Konold, Maeng, & Heinecke, 2012). As part of VISTA, the Elementary Science
Institute (ESI) specifically includes school and district leaders in the professional
development. The VISTA ESI provides professional development to school teams
of teachers focused on reforms-based practices (e.g., problem-based learning,
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inquiry, and nature of science). During the ESI, principals from their schools and
district science coordinators from their districts attend for 1 day and are given the
opportunity to experience some of the professional development, interact with their
teachers, and learn about the type of support teachers will need when they return to
the classroom. District science coordinators are asked to attend a second day where
they have the opportunity to work with teachers as they are developing problembased learning units back to their schools. Similar to the TELS findings, preliminary
results indicate principals increased their understanding of how to support science
teachers as a result of attendance (Bell et al., 2012). Teachers also rated their
principals higher at being effective in supporting science instruction following the
professional development.
The New Science Coordinator Academy (NSCA) is another component of the
VISTA project designed to provide professional development to district science
coordinators in the first 5 years of their career. The NSCA focuses on creating
opportunities for science coordinators to learn about best practices in science
education, develop district strategic plans, discuss and increase leadership skills,
and create opportunities for networking and community building. This is the only
opportunity, to our knowledge, that is designed specifically for district science
coordinators. Results indicate science coordinators’ understandings about pedagogy and job responsibilities changed following their participation; however, their
practices were not fully aligned with their understandings (Whitworth, 2014).
Results also indicate that barriers such as perceived lack of authority within
districts may hinder coordinators’ ability to fully implement needed changes,
highlighting the need to include other district stakeholders in professional
development efforts.

Conclusion
High-quality professional development is a crucial component to improving science
education (Guskey, 1986, 2002; Wilson, 2013). The research reviewed here reveals
that under the right conditions professional development may help teachers be more
effective and may also result in gains in student achievement (Yoon et al., 2007).
Yet, many factors including teacher motivation, school culture, and working
conditions mediate the effects of professional development. This review also
highlights the critical role of district leaders in supporting teacher change in beliefs,
understandings, and/or practices. However, existing models of professional
development fail to consider the integral role of school and district leadership
(e.g., Desimone, 2009; Loucks-Horsley & Matsumoto, 1999). In particular, more
research needs to explore the role of science coordinators in providing domainspecific professional development (Luft & Hewson, 2014; PCAST, 2010) as well as
study how to include leadership in professional development efforts. It is critical for
us to consider the role of school and district leaders in facilitating teacher change if
we want to have a more complete picture of the role of professional development in
facilitating teacher and ultimately student learning in science.
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